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Effects of Consumption of Soft Drinks on the Muscular
Morphology of Animals Submitted to Concurrent Training
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SUMMARY: The consumption of industrialized foods and beverages contributes to the increase in body weight and manifestation
of diverse illnesses. Among these industrialized products, soft drinks can be mentioned, which when consumed in largecgnantitie
contribute to weight gain and the emergence of chronic non-communicable diseases such as hypertension, diabetes, ateroisasity. |
performance, several training protocols have been used, among which concurrent training is presented as a tool thaeceonaidliof
body weight and muscle development. Thus, the identification of dietary factors, as well as the use of appropriate treids)gamebe
essential factors in the increase in physical performance. To study the effects of concurrent training on the skeletal amiscés
submitted to soft drink consumption. In the present study, 32 male rats were used, of the Wistar breed, in the post-\egicahphzrse
(30 days). The animals performed a concurrent training protocol. Forty-eight hours after the final training session,sheeg@isudimitted
to a surgical procedure to remove samples of gastrocnemius muscle. After preparation of the histological slides, theermuddecfib
different groups of animals were measured. The median values for the minimum diameter of muscle fibers presented thesiokswing
Control (C): 35.78, Control Soft Drinks (CSD): 36.93, Training (T): 39.12, and Training Soft Drinks (TSD): 37.82. The CSEband T
groups demonstrated the greatest increase in body mass in relation to the C and T groups. In addition, the groups tHathperforme
concurrent training presented a higher mean of the smallest fiber diameter. It was concluded that the ingestion ofreadtalriegstive
effect on the muscular hypertrophy of animals submitted to a concurrent training protocol.
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INTRODUCTION

In general, the population consumes a lot of empfyhysical activity appears as a factor for prevention and
calories, derived from industrialized foods and beveragds¢atment of these diseaseS.he physiological responses
which, associated with a sedentary lifestyle, contribute @enerated by exercise contribute significantly to the
an increase in body weight and the manifestation of varioggmposition and decrease in body weight (Machetd,
illnesses. This set of metabolic and hemodynami€014). Among the models of training, are resistance training
abnormalities is called metabolic syndrome (Ciolac &hat generates muscular adaptations and increased energy
Guimaraes, 2004). expenditure, in addition to preventing obesity, and aerobic

training which increases blood flow and strengthens the

Among these foods, soft drinks can be mentioned, 6ardiorespiratory system (Crozeta & de Oliveira, 2009;
which consumption has increased over the years. It Magalhdest al, 2016).
believed that high consumption is related to weight gain and
chronic noncommunicable diseases suchas hypertension,  Studies have shown that when the two forms of
diabetes, and obesity, diseases which have become a puis#ining are associated, denominated "concurrent training”,
health problem (Rombaldit al, 2011). their efficacy is verified in relation to body composition,
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gain in muscular mass, and improvement in physicdIC Group: This model of concurrent training was composed
conditioning (Machadet al). of two sessions of different exercises with demands from
different energy sources, one predominantly aerobic
Thus, the objective of the present study was to analyf@vimming) and the other predominantly muscular strength
the skeletal muscle response of animals submitted to sdévelopment (jumps).
drink consumption and to a concurrent training protocol.
The aerobic training protocol was composed of three
weekly sessions on nonconsecutive days, comprising 30
MATERIAL AND METHOD minutes of swimming exercise, with an intensity of 80 % of
the anaerobic threshold (Lan), stipulated from the values
established for assessment of the maximum stable phase of
Animals. In the present study, 32 male rats were used litood lactate (Manchadet al) (Fig. 1). For the aerobic
the post-weaning biological phase (30 days), Wistgart (swimming), a tank containing cylindrical PVC pipes
breed, obtained from the University of West Paulistaas used, 25 cm in diameter and 100 cm in height, with
Campus - UNOESTE campus Il and kept in the smallater to a depth of 70 cm (Ozadtial, 2014).
rodent room of the Physiotherapy Department of FCT-
UNESP, Presidente Prudente Campus - SP (Approval For the strength training protocol (anaerobic), four
CEUA 004/2016). series of 10 jumps were used, with an overload corresponding
to 50 % of the body weight of each animal. For this purpose,
The rats were housed in groups of 5 animals per cag®5 cm diameter PVC pipe with a height of 38 cm was used
(polyethylene), with an ambient temperature of (22°€)2 (Fig. 2). The overload was added using a vest specially made
and brightness (light/dark cycle of twelve hours), with freéor this type of exercise, attached to the anterior torso
access to water and feed (feed for laboratory rats). The stf@astoldiet al, 2013).
was developed in compliance with the norms and ethical
principles of animal experimentation after approval fronTCR Group: This group was identical to the previous one,
the Committee on Ethics in Animal Use (CEUA). but with ingestion of a soft drink. In this case, a soft drink
was added 30 days after birth and maintained for 120 days
Experimental design.The animals were divided into four (90 days of hyperglycemia induction + 30 days of training),
groups (n = 32), control (C) [n = 8], control with soft drinkghe period corresponding to the end of the experiment.
(CR) [n = 8], concurrent training (TC) [n=8], and concurrent
training with soft drinks (TCR) [n=8]. Prescription of intensity of aerobic training. For the
prescription of aerobic training, the value corresponding to
the percentage of body weight was used. In this case, the
The animals were submitted to a period of adaptationtensity was defined from the results established by Man-
to the liquid medium and equipment (10-20 min/day, threghadcet al Thus, the threshold intensity corresponding to 5
days per week, for one week, with progressively increasifg of body weight was established and 80 % of this value
overload and duration, following the method proposed hyas used for aerobic training intensity.
Manchadcet al (2006). The adaptation period reduces the
stress produced by the liquid medium and the physiologiddl/perglycemia induction. Hyperglycemia was induced in
alterations resulting from physical training (Chingihal, the animals, through ingestion of a popular soft drink

2009). (guarana type)Ad libitum). The soft drink is composed of:
carbonated water, fructose syrup, caramel dye, phosphoric
Experimental groups acid, natural flavorings, caffeine, and low sodium content.

C Group: The animals remained free in their cages, witlCollection of Tissue SamplesThe animals were

unrestricted access to water and feed. submitted to the surgical procedure 48 hours after the fi-
nal exercise session. The samples of the gastrocnemius

CR Group: The animals remained free in their cages, witimuscle were obtained according to the methodology

unrestricted access to water and feed. However, in this cadescribed by Aguilaet al. (1997). The animals were

a soft drink was added 30 days after birth and maintainathesthetized with a combination of two anesthetics,

for 120 days (90 days of hyperglycemia induction + 30 daysetamine hydrochloride (70 mg/kg) and xylazine

of training), the period corresponding to the end of thieydrochloride (15 mg/kg) injected intra-peritoneally as

experiment. proposed by Seraphiet al. (2001).
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Fig. 1. Illustration of aerobic training in the liquid medium. (A):
Cylindrical tubes. (B): Swimming training.

Fig. 2. Illustration of water jump training and apparatus to fix the
overload.

Histological Processing of Skeletal Striated Muscle. The
muscle tissue was immersed in n-hexane cooled in liquid
nitrogen through the freezing of unfixed tissues method, and
later stored in an ultra-low temperature freezer (-80 ° C).
The 5 mm sections were produced in a cryostat microtome
at -20 °C, collected on slides and then stained with
hematoxylin-eosin (HE) for general analysis of the structure.

Analysis of Muscle Tissues

Optical microscopy. The sections were submitted to staining
and histochemical reactions and were observed in normal
light and photomicrographed under a Nikon® microscope,
model H550S. A photographic camera Infinity 1 was used
to analyze the images. The interactive markers, to determi-
ne the mean of the smallest diameter of muscle fibers, were
performed using the software (AuxioVisionRel 4.8 - Carl
Zeiss and NIS-Elements D3.0 - SP7 - Nikon®). In total,
100 muscle fibers were observed on each slide, according
to the protocol established by Dal Pai Silva (1995).

Statistical analysis. After obtaining the data, the following tests
were performed: Shapiro-Wilks for normality; Kruskal Wallis or
ANOVA to verify the difference between pre- and post-training
moments; Dunn or Tukey post-test to verify the difference between
groups. All procedures assumed the error of 5 % (p <0.05).

RESULTS

Analysis of body mass demonstrated that all groups
presented increased body mass, however, the CR and TCR
groups presented higher values for this variable (Fig. 3).

From the images of the muscle fibers, different
morphologies were observed between each of the groups
(Fig. 4). In addition, indications of inflammatory infiltrate
were verified in the groups of trained animals (TC and TCR).

After measurement of the muscle fibers, median
values were verified for the minimum diameters of 35.78;
36.93; 39.12; and 37.82 mm, for the groups C, CR, TC,
and TCR, respectively (Fig. 5).
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Fig. 3. Evolution of body mass between different groups of animals.
(C): Control Group. (CR): Soft Drink Control Group. (TC): Training
Group. (TCR): Soft Drink Training Group. ANOVA for repeated
measures with the Bonferroni post test. (*): Statistically significant
differences (p <0.05).

DISCUSSION

The objective of the present study was to analyze the
effects of the consumption of soft drinks on the skeletal striated
musculature of animals submitted to a concurrent training
protocol. It was verified that the response to the concurrent
training was an increase in the mean of the smallest diameter
in the trained animals, independent of the consumption of a
soft drink. However, the group that consumed the soft drink
demonstrated a lower mean when compared with the animals
that did not consume the soft drink.
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C

Fig. 4. Morphology of the muscle fibers of Wistar rats. Hematoxylin and Eosin stained sections with 10x magnificationndicates i
the presence of inflammatory infiltrate. (C): Control Group. (CR): Soft Drink Control Group. (TC): Training Group. (TCRYiigoft
Training Group.
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Sy Training Group. Kruskal-Wallis test with significance of 5 % (p
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In their findings, Rombaldt al. claim that soft drink Thus, the present study collaborates with the literature
consumption is associated with increased body weight aiminvestigating the effects of ingestion of a soft drink added
obesity. In addition, there are few studies that affirm thi® performance of a concurrent training protocol. However,
hypothesis, mainly in animals. there are some limitations of the study related to the

quantification of protein intake. In addition, protein

Another factor observed was that the rats thajuantification as well as analysis of gene expression may
consumed soft drinks had lower feed intake. In this casspntribute to the results obtained to date.
the decrease in feed consumption may have contributed to a
decrease in the lean muscle mass of the animals.

CONCLUSION

The decrease in protein coming from the diet could
be related to lower absorption of proteins and nutrients, and
may cause a decrease in the muscle mass of the trained rats, It was concluded that the ingestion of a soft drink
since their energy expenditure was higher than the contt@d a negative effect on the muscular hypertrophy of animals
group. Moraiset al (2008) make it clear in their study thatsubmitted to a concurrent training protocol.

a combination of proteins and other nutrients can generate
significant gains in strength and gains in muscle mass.
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There seems to be evidence that when used 3x/week,
concurrent training is capable of generating increasédLEIXO, P. H.; SANTOS, L. S.; OZAKI, G. A. T.; GARCIA,
physical capacity, in particular, promoting muscld-A.; ZANUTO, E.A. C.; CAMARGO, R. C. T.; FILHO, J. C.
hypertrophy. Published studies using this trainin&-c-&CASTo'—DlvR- C. Efecto del consumo de bebidas refres-

methodology demonstrated significant increases in the cro§&0tes en la morfologia muscular de animales sometidos a entre-
gy 9 , 37(p671-676, 2019.

sectional area and smallest diameters of the muscle fibers' %?uento concurrentdnt. J. Morphol.
rats, both in aquatic environments and soil exercises, with RESUMEN: El consumo de alimentos y bebidas

normal and hypercaloric diets (Castoddial, 2013; Ma-  jnqustrializadas contribuyen al aumento de peso corporal y mani-
chadoet al; Castoldiet al, 2017). festacion de diversas enfermedades. Entre estos alimentos, se en-
cuentran las bebidas refrescantes, que al ser consumidas en gran-
In addition, on another occasion, concurrent trainindes proporciones, pueden contribuir al aumento de peso y a la apa-

with or without beta-hydroxy-beta-methylbutyrate (HMB)ricién de enfermedades cronicas, tales como la hipertension, dia-
supplementation was tested. In the latter case, it was verifig@jes ¥ obesidad. En cuanto al desempefio, diversos protocolos

that animals that performed concurrent training WithOLﬁan sido utilizados, entre estos, el entrenamiento concurrente que
uede ser una forma de ayuda en el control de peso corporal y el

supplementation demonstrated no decrease in muscle mass . ST
. esarrollo muscular. Siendo asi, la identificacién de los factores
(Aradjoet al, 2017). alimentarios, como también la utilizacién de los métodos correc-
tos de entrenamiento, pueden ser esenciales en el aumento del des-
Thus, the aforementioned studies contradict thémpefio fisico. El objetivo del estudio fue investigar los efectos
“"concurrent” theory originally proposed by Hickson (1980)del entrenamiento concurrente en la musculatura esquelética de
who verified an increase in physical capacities generated &yimales sometidos al consumo de bebidas refrescantes. En la pre-
performing concurrent training. It is worth mentioning thagente investigacion fueran utilizadas 32 ratas Wistar. Los animales
the study of Hickson (1980) included athletes of both sexefﬁ,era” sometidos a un protocolo de entrenamiento concurrente.

who performed the muscular and aerobic strength training fr%@fg:fje?:n‘lgohrgg"t‘;gg ;auu:ir?gcze;;énuﬁzf?égenzgif:g’nﬁi%?'
5 or 6 days/week, for a period of 10 weeks, with high intensities > P quirurgico para fa o
e muestras de tejido muscular. Los valores de la media del dia-

and only one Weekl_y rest br_eak. In the present study, W'S'iﬂ@tro de las fibras musculares fueron: Control (C): 35,78; Control
rats were used, with a training frequency of 3x/week, §tgepida Refrescante (CBR): 36,93; Entrenamiento (ET): 39,12; y
intensities of 50 % of body weight for strength training angntrenamiento y Bebida Refrescante (EBR): 37,82. Se observé que
80 % of anaerobic threshold intensity, feregiod of 4 weeks. los grupos CBR y EBR presentaron mayor aumento de masa cor-
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poral en comparacién con C y T. Ademas, los grupos que realiza-among adults in Pelotas, Southern BraRkv. Salde Publica,
ran el entrenamiento concurrente obtuvieron una mayor media en45(2)382-90, 2011.

el diametro de las fibras. Es posible concluir que el consumo g@aPhim. P.M.; Nunes, M. T. & Machado, U. F. GLUT4 protein expression
bebidas refrescantes tiene una influencia negativa en la hipertrofia'” °P€€ and lean 12-month-old rats: insights from different types of
muscular de animales sometidos a un protocolo de entrenamientod@t@ analysissraz. J. Med. Biol. Res., 34(10353-62, 2001.

concurrente.
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