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Abstract — Recent studies have shown the health benefits of physical exercise, increasing
the oxidative response of muscle. However, the effects of exercise on the brain are poorly
understood and contradictory. The inhibition of creatine kinase (CK) activity has been
associated with the pathogenesis of a large number of diseases, especially in the brain. The
objective of this study was to determine the preventive effects of physical exercise in the
hippocampus and cerebral cortex of mice after chronic cigarette smoke exposure. Eight
to 10-week-old male mice (C57BL-6) were divided into four groups and submitted to an
exercise program (swimming), 5 times a week, for 8 weeks. After this period, the animals
were passively exposed to cigarette smoke for 60 consecutive days, 3 times a day (4 Marlboro
red cigarettes per session), for a total of 12 cigarettes. CK activity was measured in cerebral
cortex and hippocampal homogenates. Enzyme activity was inhibited in the cerebral cortex
of animals submitted to the inhalation of cigarette smoke. However, exercise prevented
this inhibition. In contrast, CK activity remained unchanged in the hippocampus. This
inhibition of CK by inhalation of cigarette smoke might be related to the process of cell
death. Physical exercise played a preventive role in the inhibition of CK activity caused
by exposure to cigarette smoke.
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Resumo — O exercicio fisico aerébico tem demonstrado beneficios em pesquisas recentes, uma
vez que aumenta a resposta oxidativa muscular, porém os efeitos do exercicio sobre o cérebro sdo
pouco conhecidos e bastante contraditérios. A inibicdo da atividade da enzima creatina quinase
(CK) estd relacionada a patogénese de um grande niimero de doencas, especialmente no cérebro,
e que a disfuncdo mitocondrial leva ao dano na sintese de ATP. Este trabalho tem como objetivo
verificar os efeitos preventivos do exercicio fisico no hipocampo e cértex cerebral de camundongos
submetidos a exposicdo cromica da fumaca de cigarro. Foram utilizados 24 camundongos C57BL-6
machos, com idade de entre 8-10 semanas, divididos em 4 grupo, foram submetidos a um pro-
grama de exercicio (natagdo), cinco vezes por semana, durante 8 semanas, apés esse periodo os
animais foram expostos passivamente a fumaga de cigarro por 60 dias consecutivos, 3 vezes ao
dia totalizando em 12 cigarros, 4 cigarros por vez, da marca Marlboro vermelho. A atividade
enzimdtica da CK foi determinada em hipocampo e cértex cerebral. Os resultados mostraram
que a atividade da enzima CK foi inibida no cértex cerebral dos animais submetidos a inalacdo
da fumaca do cigarro, porém o exercicio conseguiu prevenir esta alteracdo. A atividade da CK
ndo foi alterada no hipocampo dos animais. Essa inibicdo da CK pela inala¢do da fumaga do
cigarro pode estar relacionada com processos de morte celular. O exercicio preventivo mostrou
um papel protetor sobre a inibicdo dessa enzima.

Palavras-chave: Exercicio fisico; Consumo de cigarros; Metabolismo cerebral.
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INTRODUCTION

Cigarette smoke shows a high potential to change
brain physiology and biology'. Nicotine has the
capacity to cause addiction and is responsible for
a larger number of deaths than other psychoactive
drugs’. Neuroadaptation to nicotine involves biolo-
gical substrate tolerance and physical dependence.
In this respect, the changes that occur in synaptic
membrane composition, especially in postsynaptic
intracellular events, have been suggested as the basis
for the neuroadaptation to psychoactive drugs abuse’.

Studies have shown that nicotine interferes
with cell metabolism and homeostasis®. A recent
study showed that regular physical exercise exerts
a protective effect against pulmonary oxidative
damage in mice exposed to cigarette smoke’. The
main target of these metabolic alterations is the
central nervous system, with the observation of
neuropsychiatric alterations caused by nicotine®.

Cigarette smoke is an important source of the
toxic metal cadmium, a contaminant of tobac-
co’. Studies have shown that cadmium inhibits
enzymatic systems and that it is also able to mo-
dify metalloenzymes by modulating the affinity
of sulfhydryl groups present in these enzymes.
Moreover, cadmium interferes with oxidative
phosphorylation, membrane calcium channels
and Ca?*-ATPases, prevents DNA repair (the same
mechanism as induced by tumors), and inhibits
catalase activity. Cadmium can also cause neuro-
toxicity when reaching the central nervous system,
directly affecting neurotransmitter systems, gene-
rating free radicals, reducing glutathione levels,
causing oligodendrocyte death, and compromising
mitochondrial metabolism?®.

Organ-specific enzymes are used for the asses-
sment of tissue injury in various diseases. Creatine
kinase (CK) is an enzyme widely used as a reliable
marker for the assessment of myocardial, muscle
and brain damage’. CK catalyzes the reversible
phosphorylation of creatine by ATP, with the trans-
fer of the high-energy phosphate moiety being an
important step in various processes in the body'°.

Mitochondria are the main site of creatine
phosphate synthesis in tissues characterized by high
energy requirements'’. The creatine/phosphocreati-
ne system is important for the initiation of intense
exercise before glycogenolysis is activated'?. Recent
studies using animal models and human studies
have been carried out in order to understand the
neurobiological basis of the benefits of physical
exercise”’. However, the mechanisms underlying

the molecular and neurophysiological effects re-
main poorly understood"*1".

Studies have shown that moderate exercise
produces a series of beneficial effects in aging mice,
such as increased survival, improved performance
in behavioral tasks of neuromuscular function and
exploratory activities, and a decrease in markers of
oxidative damage to the mitochondrial membranes
in organs such as the brain and heart's.

Within this context, the aim of the present
study was to evaluate the effects of chronic ex-
posure to cigarette smoke on CK activity in the
hippocampus and cerebral cortex of mice subjected
to physical exercise.

METHODOLOGICAL PROCEDURES

Animals

Eight to 10-week-old male mice (C57BL-6) obtai-
ned from the Central Animal House of Universi-
dade do Extremo Sul Catarinense, Santa Catarina,
Brazil, were used in this study. The animals were
housed in groups of four and maintained on a 12-h
light/12-h dark cycle, with commercial mouse chow
and water being available ad libitum.

Experimental design

The animals were divided randomly into four
groups (n=06): group 1 was not exposed to cigarette
smoke and was not submitted to physical exercise
(sham); group 2 was exposed to cigarette smoke;
group 3 was submitted to physical exercise; group 4
was exposed to cigarette smoke and physical exer-
cise. The study was performed in accordance with
National Institutes of Health guidelines and was ap-
proved by the Ethics Committee of Universidade do
Extremo Sul Catarinense, Santa Catarina, Brazil.

Physical exercise protocol

The first task was swimming trainings in a heated
swimming pool adapted for animals, where the
mice are forced to swim. All animals were acclima-
tized for one week in a swimming pool measuring
120 x 60 x 50 cm. The volume of water was 37.5
cm’. After this period, the animals that received
the treatment were submitted to the exercise pro-
gram five times per week (for 8 weeks), adapted
from Pellegrin and colleagues®.

Cigarette smoke exposure

The animals were submitted to the passive inha-
lation of a total of 12 cigarettes per day (four
cigarettes per session, three times a day) for 60
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consecutive days. Cigarettes of the commercial
Marlboro brand were used for this protocol’®. The
animals were placed in an acrylic chamber (30 x
40 x 25 cm). This chamber is interconnected with
a conventional inhalation equipment by a hospital
aspiration plumb (16 mm in diameter). The ciga-
rette is placed in another plumb on the opposite
side of the inhalation equipment and the cigarette
smoke enters the acrylic chamber. Each cigarette
burns for 6 minutes, with a 1-minute interval be-
tween cigarettes. The protocol was carried out 7
days a week, for 8 weeks, always at the same times.

Tissue and homogenate preparation
Twenty-four hours after the last inhalation, the ani-
mals were killed by cervical dislocation. The brain
was removed and the hippocampus and cerebral
cortex were separated and homogenized in SETH
buffer (1:10, w/v), pH 7.4, containing 250 mM su-
crose, 2 mM EDTA, 10 mM Trizma base, and 50
[U/mL heparin. The homogenates were centrifuged
at 800 x g for 10 min and the supernatants were
stored at -70° C until the time for determination of
enzyme activity. Protein content was determined by
the method of Lowry and colleagues? using bovine
serum albumin as standard.

Creatine kinase activity

CK activity was measured in brain homogenates
pretreated with 0.625 mM lauryl maltoside. The
reaction mixture contained 60 mM Tris-HCI, pH
7.5, 7 mM phosphocreatine, 9 mM MgSO, and
approximately 0.4—1.2 ug protein in a final volume
of 100 pL. After pre-incubation for 15 min at 37
°C, the reaction was started by the addition of 3.2
mmol ADP plus 0.8 mmol reduced glutathione.
The reaction was stopped after 10 min by the
addition of 1 pmol p-hydroxymercuribenzoic acid.
The creatine formed was estimated according to
the colorimetric method of Hughes (1962). The
color was developed by the addition of 100 puL 2%
a-naphthol and 100 pL 0.05% diacetyl in a final
volume of 1 mL and read spectrophotometrically
after 20 min at 540 nm. The results are expressed
as units/min/mg protein.

Statistical analysis

Data were analyzed by one-way analysis of variance
(ANOVA), followed by the Duncan test when F
was significant. All analyses were performed using
the Statistical Package for the Social Sciences
(SPSS). Differences were considered to be signifi-
cant when P<0.05.
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RESULTS

It is well established that cigarette smoke expo-
sure induces cell modifications?. Studies have
shown that cigarette smoke causes an increase
in the production of reactive oxygen species and
DNA damage and induces cell apoptosis?. In the
present study, we evaluated the effect of chronic
exposure to cigarette smoke on CK activity in the
cerebral cortex and hippocampus of mice, and the
protective effect of physical exercise on CK inhibi-
tion caused by cigarette smoke. We observed that
chronic cigarette smoke exposure inhibited CK
activity in the cerebral cortex (Figure 1).
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Figure 1: Creatine kinase activity in the cerebral cortex of mice
60 days after physical training and chronic cigarette smoke ex-
posure. Data were analyzed by the Duncan test when F was sig-
nificant. Values are expressed as unit per minute per mg protein.
* p<0.01: Significant difference when compared to the control,
exercise and exercise plus chronic cigarette exposure groups.

Furthermore, the inhibition of CK activity was
prevented by physical exercise when compared to
the control group. On the other hand, CK activity
in the hippocampus was not affected by exposure
to cigarette smoke or physical exercise (Figure 2).
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Figure 2: Creatine kinase activity in the hippocampus 60 days
after physical training and chronic cigarette smoke exposure.
Data were analyzed by the Duncan test when F was significant.
Values are expressed as unit per minute per mg protein.

DISCUSSION

Nicotine has been shown to interfere with cell
metabolism, especially in the brain because of



high metabolic activity that leads to a high oxygen
consumption rate (35 mL/min/kg) and of the high
amount of oxidizable polyunsaturated fatty acids in
the cellular membranes*®*. Furthermore, Rezyvani
and Levin® showed that nicotine facilitates hippo-
campal synaptic activity and increases hippocam-
pal long-term potentiation. Therefore, nicotinic
treatments directed at specific receptor subtypes
and nicotinic co-treatment with drugs affecting
the interaction with transmitter systems may pro-
vide cognitive benefits for different syndromes of
cognitive impairment. However, the use of nicotine
has dual and conflicting effects on oxidative stress
and neuroprotection depending on dose of the drug
used and its underlying mechanisms. Generally, a
high dose of nicotine induces neurotoxicity and
stimulates oxidative stress*.

A recent study demonstrated that regular
physical exercise protects against pulmonary oxi-
dative damage in mice exposed to cigarette smoke’,
suggesting a beneficial effect of physical exercise.
In the present study, CK activity was significantly
decreased in the cerebral cortex of animals exposed
to cigarette smoke when compared to the control
group. On the other hand, CK activity in the
hippocampus was not altered by cigarette smoke
exposure, suggesting that the cerebral cortex is
more susceptible to the effects of cigarette smoke
than the hippocampus. In this respect, CK activity
has been shown to be inhibited in the brain and
heart of Wistar rats exposed to cigarette smoke?.
This effect might be the result of oxidative dama-
ge to the enzyme since cigarette smoke exposure
has been shown to increase the generation of free
radicals and membrane permeability, resulting in
brain and heart cell damage?. Elsayed and Bendi-
ch?” demonstrated that cigarette smoke also causes
mitochondrial DNA damage provoked by oxidative
compounds. In addition, cigarette smoke elicits
an inflammatory response induced by phagocytes
through the activation of polymorphonuclear
cells that contain myeloperoxidase and NADPH
oxidase, enzymes that catalyze the production of
free radicals’’. Cigarette smoke also contains ni-
tric oxide, a molecule that reacts with superoxide
anion, forming peroxynitrite (ONNO-).

The present study also showed that regular
physical exercise has a protective effect against CK
inhibition caused by cigarette smoke exposure. In
this respect, studies have demonstrated that regular
physical exercise improves mitochondrial oxidative
function, increasing electron flow and ATP synthe-
sis?®. This improvement in mitochondrial function

is probably due to the adaptation of antioxidant
defenses, preventing oxidative damage and cell
death caused by cigarette smoke?**,

CONCLUSION

In conclusion, this study demonstrated that CK activi-
ty in the cerebral cortex was inhibited after exposure
of mice to cigarette smoke and that regular physical
activity was able to prevent this inhibition. However,
the mechanisms involved in these events remain
obscure. Taken together, the present data suggest a
protective role of moderate and regular physical exer-
cise against the damage in brain energy metabolism
caused by cigarette smoke exposure in mice.
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