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ABSTRACT

Introduction: The use of substances to enhance sports performance among professional and amateur
athletes is increasing. Such substances may either be included in the group of dietary supplements or fall into
pharmacological classes. Every substance used for this purpose is called an ergogenic agent. The number of
ergogenic options available increases every day, favoring overuse and use without proper guidance. Among
the dietary supplements, we highlight the use of creatine, a substance widespread in sports. Among the
pharmacological groups, many drugs are used. Recently the use of sildenafil citrate by professional athletes
from various predominantly aerobic sports modalities was reported in the media. Objective: To compare and
demonstrate the responses caused by physical training associated with the use of creatine and sildenafil citrate
in mice. Methods: A swim training protocol was applied and then an electrophysiograph was used in order to
obtain parameters related to contraction intensity, the area under the curve and the percentage drop. Results:
The responses obtained demonstrated the ergogenic action of creatine because it altered the parameters
used for measurement. The use of sildenafil citrate did not yield satisfactory results to frame the drug as an
ergogenic agent. Conclusion: Creatine has an ergogenic effect, reducing the percentage drop after 10 seconds,
while sildenafil demonstrated no ergogenic potential and, interestingly, resulted in weaker responses when
compared to the exercise groups. Evidence level Il; Comparative prospective study.

Keywords: Creatine; Muscle fatigue; Sildenafil citrate.

RESUMO

Introducdo: O uso de substancias com o objetivo de aumentar o rendimento esportivo entre atletas profissionais
eamadores é crescente. Tais substancias podem fazer parte do grupo de suplementos alimentares ou integrar classes
farmacoldgicas. Toda substancia empregada para esse fim é denominada de agente ergogénico. O nimero de op¢oes
entre os agentes ergogénicos aumenta a cada dia, favorecendo assim o uso em demasia e sem a devida orienta-
¢do. Entre os suplementos alimentares, salientamos a utilizacdo de creatina, substancia muito difundida no meio
esportivo. Jd entre os grupos farmacoldgicos, muitas substancias sdo utilizadas. Recentemente, foi divulgado entre
0s meios de comunicacéo o uso de citrato de sildenafila por atletas profissionais de vdrias modalidades esportivas,
predominantemente as aerdbicas. Objetivos: Comparar e demonstrar as repostas ocasionadas pelo treinamento
fisico, associadas ao uso de creatina e citrato de sildenafila em camundongos. Métodos: Aplicou-se um protocolo de
treinamento de natacdo e, a sequir, empregou-se um eletrofisiégrafo com objetivo de obter pardmetros referentes a
intensidade de contracdo, a drea sob a curva e a queda percentual. Resultados: As respostas obtidas demonstram
agdo ergogénica da creatina, visto que alteraram os pardmetros empregados para a mensuragéo. Jd a utilizagdo de
citrato de sildenafila ndo apresentou resultados satisfatérios para enquadrar o fdrmaco como agente ergogénico.
Conclusdo: A creatina apresenta efeito ergogénico porque reduz a queda percentual apds 10 sequndos, jd a sildena-
fila néo apresentou potencial ergogénico e, curiosamente, demonstrou respostas inferiores quando comparado aos
grupos de exercicio. Nivel de evidéncia II; Estudo prospectivo comparativo.

Descritores: Creatina, Fadiga muscular, Citrato de sildenafila.

RESUMEN

Introduccién: El uso de sustancias con el objetivo de aumentar el rendimiento deportivo entre atletas profesionales
yamateurs es creciente. Tales sustancias pueden formar parte del grupo de suplementos alimentarios o integrar clases
farmacoldgicas. Toda sustancia empleada para ese fin es denominada agente ergogénico. El niimero de opciones
entre los agentes ergogénicos aumenta cada dia, favoreciendo asi su uso excesivo y sin la debida orientacion. Entre
los suplementos alimentarios, se destaca el uso de creatina, sustancia muy difundida en el medio deportivo. Ya
entre los grupos farmacoldgicos, muchas sustancias son usadas. Recientemente, fue divulgado entre los medios de
comunicacién el uso de citrato de sildenafil por atletas profesionales, de varias modalidades deportivas, predomi-
nantemente las aerdbicas. Objetivos: Comparar y demostrar las respuestas ocasionadas por el entrenamiento fisico,
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asociadas al uso de creatina y citrato de sildenafil en ratones. Métodos: Se aplicé un protocolo de entrenamiento de
natacién y, a continuacian, se usé un electrofisiégrafo con el objetivo de obtener pardmetros referentes a la intensi-
dad de contraccidn, al drea bajo la curva y a la caida porcentual. Resultados: Las respuestas obtenidas demuestran
accién ergogénica de la creatina, visto que alteraron los pardmetros empleados para la medicion. Ya el uso de citrato
de sildenafil no presentd resultados satisfactorios para encuadrar al fdrmaco como agente ergogénico. Conclusion:
La creatina presenta efecto ergogénico porque reduce la caida porcentual después de 10 sequndos, mientras que el
sildenafil no presentd potencial ergogénico y, curiosamente, demostr respuestas inferiores cuando comparado a los
grupos de gjercicio. Nivel de evidencia II; Estudio prospectivo comparativo.

Descriptores: Creatina; Fatiga muscular, Citrato de sildenafil,

DOI: http://dx.doi.org/10.1590/1517-869220212702153173

INTRODUCTION

The use of substances to enhance physical performance and body aes-
thetics is growing. Such substances, called ergogenic, attract the attention
of professional and amateur athletes with the aim of improving physical
performance in competitions or simply for the aesthetic benefits.! Among
the substances used by athletes, we can mention a few pharmacological
classes, such as vasodilators, bronchodilators, steroid hormones and an ex-
tensive group of dietary supplements.? It is noteworthy that other ergogenic
resources can be used, in addition to nutritional and pharmacological ones.

The number of ergogenic substance options grows daily and access
to these resources ends up becoming relatively easy, both for athletes
and their trainers.3* Based on the growing number of compounds be-
ing used, we can observe the use of substances already known for this
purpose, as is the case with creatine, but we can also find substances
with other purposes being used as ergogenic ingredients, as is the case
with sildenafil citrate, a medication used to treat erectile dysfunction.

The experimental protocol used consists of the isolation of the sciatic
nerve and the tibial muscle of mice, and their subsequent connection to
the electrophysiograph with controlled electrical stimulation. In animal
models, the anterior tibial muscle is of significant interest for studies
due to its relatively large size, for its innervation by the sciatic nerve,
and for its mixed composition of muscle fiber types. Because of these
characteristics, it has been widely used as a study tool.

The decision to use an ergogenic agent without proper guidance
is based on the supposed benefits that consumers themselves imagine
achieving, ignoring the possible harm that this practice can cause In
this way, the justification for this study is the elucidation of the ergo-
genic effects of both creatine, which is widely used in sports circles, and
sildenafil, the use of which as an ergogenic substance, predominantly
in aerobic modalities, was recently reported in the media.

Thus, the main objective of the study is to observe the changes
caused by the use of creatine and sildenafil associated with an aerobic
training protocol in mice.

METHODS

All the experiments were approved by the Ethics Committee on
the Use of Animals in Research of the Universidade do Vale do Paraiba
under protocol A04/CEUA/2014. The entire study was conducted at the
Physiology and Pharmacodynamics Laboratory of the Research and
Development Institute at the Universidade do Vale do Paraiba.

This is an experimental study involving male Swiss mice, submitted
to swimming training with increased load. After the training protocol,
the animals underwent a surgical procedure to isolate the sciatic nerve
and the right tibial tendon, making it possible to connect the animal to
the electrophysiograph. Using induced electrical stimulation, parame-
ters related to contraction intensity, the area under the curve and the
percentage drop after 10 seconds were obtained.
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Animals

Twenty-four male Swiss mice from the Anilab Campinas vivarium,
weighing between 25 and 30 grams were used. All animals went through
a 2-week adaptation period at the Universidade do Vale do Parafba viva-
rium before the start of the experiments. The animals were kept in cages
lined with wood shavings and a maximum occupancy of 5 animals, with
no restrictions on food and water, and in 12-hour light and dark cycles.

Experimental Groups

The animals were divided into four groups, containing six animals
per group, as follows:
- Group (sedentary): sedentary animals, no supplements, food and
water maintained.
« Group (swimming): animals submitted to swim training protocol, no
supplements, food and water maintained.
- Group (swimming and sildenafil): animals submitted to swim training
protocol, receiving the drug sildenafil citrate (10 mg/kg) during the
entire training protocol, food and water maintained.
- Group (swimming and creatine): animals submitted to swim training
protocol, receiving the drug creatine (1 g/kg) during the entire training
protocol, food and water maintained.

Administration of Sildenafil Citrate

The sildenafil citrate was administered by intraperitoneal injection
daily during the entire experiment, 30 minutes before conducting the
training protocol, based on the peak of action of the substance.” The drug
was obtained in crude raw material form (PharmaNostra, lot 0500520115c,
S&o José dos Campos, SP). For administration, the drug was solubilized
in saline to produce a solution. The dose used was 10 mg/kg.®

Administration of Creatine

The creatine was administered orally, using a gavage needle, daily
30 minutes before the protocol was conducted. The supplement was
obtained in its commercial monohydrate form (Universal Nutrition, USA,
lot 186167b). The administration scheme was divided into two stages; the
first week of the experiment consisted of a loading phase, in which the dose
was 5 g/kg of body mass of the animal and the second stage was called
the maintenance phase, with a dose of 1 g/kg of animal body mass8The
creatine was solubilized in water to facilitate administration to the animal.

Training Protocol

The training protocol used consisted of 30-minute swimming ses-
sions, 5 times a week for 6 weeks. The training was conducted in con-
tainers with approximate dimensions of 100 cm x 70 cm x 50 cm filled
with previously heated and temperature-monitored water (30-34 °C).
The animals went through a 2-week adaptation period to minimize
effects related to the stress that exercise could cause them. After the
adaptation period, all the animals were submitted to the protocol, with a
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weight cell at the base of the tail corresponding to 70% of the maximum
load supported by each animal. The weight was determined using the
maximum load test. The time spent in the water was carefully monitored
by chronometer and no animal exercised beyond that stipulated in the
protocol. After the sessions, all animals were towel-dried manually and
returned to their respective containment boxes.

Maximum Load Test

The maximum load test was performed individually, with load cells cor-
responding to 1%, 2%, 3% etc. of the weight of the animal, submitting it to 3
minutes of swimming and 1 minute of recovery before increasing the load,
untilits exhaustion, thus determining the maximum load supported. Exhaus-
tion of the animal was determined by its inability to remain at the surface®
The maximum load test was essential to determine the swim training load,
which was 70% of the maximum load supported, the value used in training.’

Anesthesia Protocol

The animals were anesthetized using Xylazine 2% and Ketamine 10%
via intraperitoneal injection. During anesthetic induction, the animals were
monitored and kept warm with the constant presence of light. Immediately
after the loss of reflexes was observed they underwent the surgical procedure.

Surgical Procedure

The surgical procedure aimed to isolate the sciatic nerve and the
tibial tendon, connecting them respectively to electrodes and to the iso-
metric transducer connected to the physiograph. With the anesthetized
animal positioned on the operating table, a longitudinal skin incision
was made in the anterior surface of the tibial region, under which the
tibial tendon is located. The tendon was isolated and connected to
the isometric transducer (UGO BASILE). The sciatic nerve was isolated
through an incision in the muscle and connected to the dipole electrode
(UGO BASILE). The tibial muscle was submitted to a constant tension of
1g and it was stimulated indirectly by a 4V, 0.2 Hz pulse 2 milliseconds
in duration for contraction. For 3 minutes the contraction was main-
tained in a serial manner, after which a 10-second tetanic contraction
was induced. This process was repeated two more times. To induce
the tetanic contraction the frequency was increased to 50 Hz. At the
end of the procedure, we had obtained 3 tetanic contractions for each
animal. All contractions were recorded by the UGO BASILE GEMINI 7070
physiograph. In animal models, the anterior tibial muscle is of significant
interest for research due to its relatively large size, its innervation by
the sciatic nerve and its mixed composition of muscle fiber types, and
because of these characteristics it has been widely used as a study tool.?
The intensity of the contraction force was measured using a standard
equivalent to 1.0 gram. The percentage drop was measured by deter-
mining the maximum peak of contraction and the peak existing after
10 seconds of tetanic contraction. The area under the curve (AUC) was
determined by calculating the area of the trapezoid according to the
following reasoning: It is known, by the reasoning of differential and
integral calculus, that if f(x) is a continuous function in the interval [a,b],
then this function has a primitive in it, i.e, there exists an f(x) such that
f'(x)=f(x). To resolve the problem of calculating the approximate area
under a certain curve we have the trapezoidal rule. The concept of
the trapezoidal rule is to approximate function f(x) with a first-degree
polynomial (straight). We can see, in this approximation, that the integral
of the function f(x) can be approximated by the area of the trapezoid.'

Euthanasia

The animals were euthanized through intracardiac injection of the
chemical agent potassium chloride (KCI) 20% in solution. The euthanasia
procedure was performed with the animals still anesthetized.
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Statistical Analyses

One-way ANOVA was used, followed by the Tukey-Kramer multiple
comparison test. A p-value less than 0.05 was considered a statistically
significant difference.

RESULTS

Sedentary
Swimming
Swimming + Sildenafil
Swimming + Creatine

* Control # Swimming (ANOVA followed by the Tukey-Kramer multiple comparison test).

Figure 1. Area under the curve. The data are presented as the mean + standard
deviation. n= 6, p<0.05 when compared with the response obtained for the groups

Sedentary
Swimming
Swimming + Sildenafil
Swimming + Creatine

Contraction intensity (g)

n= 6. (ANOVA followed by the Tukey-Kramer multiple comparison test).

Figure 2. Contraction Intensity. The data are presented as the mean + standard
deviation.

Sedentary
Swimming
Swimming + Sildenafil
Swimming + Creatine

% Drop after 10 seconds

n= 6, p<0.05 when compared with the response obtained for the groups * Control (ANOVA
followed by the Tukey-Kramer multiple comparison test).

Figure 3. Percentage drop after 10 seconds of tetanic contraction. The data are
presented as the mean =+ standard deviation.

DISCUSSION

The effects caused by physical exercise applied through continuous
training protocols are described in the literature. Structural and metabolic
changes in the musculoskeletal tissue may result in responses of increased
performance, causing a possible increase in contraction strength, contraction
amplitude and resistance to fatigue.'"'? The question to be discussed is the
response generated through the association of physical exercise with possible
ergogenic resources, in the cases of creatine and sildenafil citrate, which are
the targets of this research. The results found demonstrate the ergogenic effect
of creatine, but refute the possible ergogenic effect attributed to sildenafil.

Analyzing the responses obtained for the area under the curve
(Figure 1), we see a significant difference between the control and the
swimming groups, strengthening the reasoning that changes were
caused by the physical training. These changes appear to be related to
neural factors and to muscle hypertrophy that occurs when the exercise
is performed with increased weight.”

The exercise protocol carried out in this study uses the overload
principle, based, therefore, on inducing a disturbance in the homeostasis
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of the animal to which the organism responds in a positive way, a pro-
cess known as positive physiological adaptation.' When the recovery
time between the exercise session is respected, positive adaptation
occurs through the metabolic and morphological remodeling of the
myofibrils mediated by gene activation, which results in changes in
the muscle mass.'>'®

There is a high area under the curve that we must consider, even
though it was not statistically significant when we analyzed the swimming
associated with the use of creatine group, that can be interpreted as a
response to the physical training performed by these animals. Therefore,
the high result of this parameter should not be attributed to the use of
creatine, but rather to the training protocol performed. The same logic is
not used to justify the results of the swimming associated with sildenafil
group, since the animals went through the same training protocol and
presented much lower responses compared to the other exercised groups.

The parameter determined by contraction intensity (Figure 2) did not
present statistically significant differences, but one can see a trend towards
better results in the swimming and swimming associated with the use
of creatine groups. We attribute these results to the positive adaptations
caused by physical exercise, in contrast to the conclusions found in a study
that attributes creatine with the potential to improve muscle strength
performance, though in programs focused on muscle strength.!”

The swimming group associated with the use of sildenafil had results
very similar to those of the sedentary group. However, these results
corroborate the results presented in a study that reported that sildenafil
significantly decreased running capacity in a test conducted with rats, in
which the decrease intensified as the dose of the drug was increased.”

The parameter involving the percentage drop after 10 seconds of tetanic
contraction (Figure 3) is directly linked to resistance and muscular fatigue,
and the group with the lowest drop showed increased resistance to fatigue,
in this study the swimming associated with the use of creatine group. This
increase can be attributed to the creatine phosphate (CrP) replacement
mechanism in the muscle cells caused by the ingestion of creatine. When
physical exercise is performed for a certain amount of time, ATP levels are

reduced and physiologically recomposed through the CrP molecules, but
if the physical stimulus is maintained, the stock of CrP is reduced.'819%0

According to studies conducted involving the ingestion of creatine
in two phases, one of loading and the other of maintenance, a 20%
increase in muscle creatine levels was found.?"?? This fact could favor
maintaining the CrP levels and improve the fatigue threshold.

Another factor attributed to creatine that may justify the improve-
ment in the fatigue threshold is the buffering effect caused by the CrP
molecule. In the conversion of ADP into ATP through CrP hydrogen ions
are consumed, thus increasing the local pH and mitigating the negative
effects that acidosis can have on muscle performance >4

Again, the swimming associated with the use of sildenafil group
did not produce results that can qualify the substance as an ergogenic
agent, corroborating a study conducted with athletes in which it was
demonstrated that at normal altitudes sildenafil is not able to improve
sports performance, but at high altitudes the drug tends to improve
performance because in these situations a hypoxic condition occurs and,
therefore, the vasodilation induced by using the drug is advantageous
for better physical results.?5266

In this way, the results demonstrate the ergogenic action of creatine,
acting to increase the fatigue threshold. Sildenafil did not improve sports
performance, yielding results very similar to those of the sedentary group.

CONCLUSION

The results presented demonstrate that creatine can be interpreted
as an ergogenic agent, since it interferes with sports performance and is
effective in reducing the percentage drop after 10 seconds, thus favoring
anincrease in the muscle fatigue threshold. Although many studies have
demonstrated the role of creatine in increasing strength, the results
obtained in the present study do not support this change. The data
involving the swimming associated with sildenafil group demonstrate
that using the drug does not induce improvement in sports performance.
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