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Objective: The Copaiba sp. oil has been known to possess anti-inflammatory, antiulcer, antiviral and
others activities. The copaiba oil pharmacological activity was assessed using models of nociception in
mice. The involvement of both megakaryocytes and enzyme markers for muscle damage under acute
copaiba oil treatment on acetic acid (AA)-induced abdominal constriction was investigated. Materials and
Methods: Swiss mice and/or Wistar rats were pretreated orally (2 h) before all experimental procedure with
Copaifera officinalis oil or vehicle. The abdominal constriction response was induced by intra-peritoneal
injection of AA 0.6% and the number of abdominal constrictions was counted cumulatively over 60 min.
Behavioral nociception models, i.e., hot plate and tail-flick test, were also performed. Plasma enzymes (creatine
kinase [CK]; aspartate aminotransferases [AST] and alanine aminotransferases; [ALT]) and organs histology
were analyzed too. Results: Copaiba oil administration caused a significant reduction on the AA-induced
writhing in the rodents. It also presented significant antinociceptive activity in the behavioral models. Plasma
CK levels and megakaryocyte production were significantly augmented in the copaiba oil-pretreated animals
when compared with control group. AST and ALT remained unchanged. Conclusion: Our results indicate
that copaiba oil may act as an anti-nociceptive agent and induce plasmatic CK increase by a mechanism
involving probably the splenic overproduction of megakaryocytes, suggesting this way the participation of
immature platelets in the process.
KEY WORDS: Anti-nociceptive, Copaifera, Copaiba, megakaryocyte, muscular enzymes, writhing

INTRODUCTION
Various animal models of neuropathic and inflammatory
pain are established and acute visceral pain induced by acetic
acid (AA) is an animal model that mimics some of the acute
inflammatory responses seen in muscular injury [1-5]. Copaifera
sp., popularly known as “copaiba,’’ is a large tree that grows
abundantly in the Amazonas. The oil-resin of this plant is a
popular remedy, in its natural form. Copaifera officinalis was
the first species in the genus Copaifera to be described [6-8].
Many studies using experimental pharmacological models have
established the anti-inflammatory, gastroprotective, wound
healing and others activities of copaiba oil [9-13].
Many muscular, neuromuscular [14-17] and mitochondrial
diseases [18-22] either can affect or are dependent under
the control of respiration and bioenergetics during muscle
contraction. The pathogenesis of many these disorders is not
yet fully understood. However, neurological symptoms and
signs and the underlying neuropathological changes have
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been related to altered composition of cellular membranes.
Therefore, it is conceivable that by different mechanisms,
the damage due to free radicals results in impairment of
mitochondrial functionality and adenosine triphosphate (ATP)
production [23-25], and the endurance muscle performance
is highly dependent on ATP production from mitochondrial
oxidative phosphorylation [26-28]. A majority of ATP in
the brain is formed in the mitochondria through oxidative
phosphorylation of adenosine diphosphate (ADP) with the F1F0ATPase enzyme. This ATP production rate plays central roles
in brain bioenergetics, function and neurodegeneration [29].
Moreover, dysfunction of the blood-brain barrier (BBB) causes
many pathological conditions and is modified by diseases that
are not primarily caused by BBB dysfunction. Very little is known
about how metabolism influences the BBB at the molecular
level [30,31].
Brain vasculature is anatomically distinct from that of other
organs and comprises, in addition to endothelial cells, pericytes
and astrocytes which collectively form the neurovascular unit
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(NVU). The molecular mechanism involved in the development
of the brain vasculature and human genetics diseases are
primarily affected by dysfunction of components of the NVU.
Therefore, the study of NVU supplies intimate knowledge
about the physical and functional connection between the brain
tissue and blood vessels. Basement membrane is an important
regulator of epithelial cells and is essential for maintaining tissue
integrity of brain vasculature. Mouse genetic studies have shown
that basement membrane is important for maintaining vessel
stability and the lack of individual matrix components is a cause
of hemorrhages due vascular fragility [32]; In human, genetic
defects in the gene encoding a component of collagen IV lead
to nephropathy and hemorrhagic stroke [33,34].
Furthermore, muscular dystrophy is a group of genetic diseases
in which muscle fibers are unusually susceptible to damage.
These damaged muscles become progressively weaker. Magnetic
resonance imaging analysis of the brain in patients with
merosin-deficient congenital dystrophy has shown the presence
of vasogenic edema [35,36]. Most people who have muscular
dystrophy will eventually need to use a wheelchair. There are
many different kinds of muscular dystrophy. Symptoms of
the most common variety begin in childhood, primarily in
boys. Other types of muscular dystrophy don’t surface until
adulthood. People who have muscular dystrophy may have
trouble breathing or swallowing. Their limbs may also draw
inward and become fixed in that position: A problem called
contracture. Some varieties of the disease can also affect the
heart and other organs. Although, there is no cure for muscular
dystrophy, medications and therapy can slow the course of the
disease [37-41].
This way, the anti-nociceptive activity of copaiba oil was assessed
by using models of behavioral tests. It was also investigated the
involvement of both enzymes markers for muscle damage and
megakaryocyte overproduction regarding to suggest copaiba oil
as a potential therapy for muscular diseases.

MATERIALS AND METHODS
Animals
Male Swiss mice (25-30 g) or male Wistar rats (250-300 g) were
obtained from the Potiguar Univerity, Natal, Brazil. Animals were
housed in environmentally-controlled conditions (22 ± 2°C,
12 h light-dark cycle), with free access to the standard diet
and tepid water. All the experimental protocols were approved
by the local Ethics Committee for animal experimentation
(number 001|2012) and performed in accordance with the
Guidelines of the Brazilian College for Animal Experimentation
(COBEA) and the Law 11,794/08; experiments adhered to the
Ethical Guidelines for investigations of Experimental Pain in
Conscious Animals [42].

Plant Material, Chemicals and Drugs
The oil-resin of C. officinalis (copaiba oil) was obtained
from all chemistry (Sao Paulo, Brazil). Sodium dipyrone was
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obtained from Sanofi-Aventis (Sao Paulo, Brazil) and morphine
hydrochloride from Merck (Darmstadt, Germany). All other
chemicals used were of analytical grade.

Drug Pre-treatment and Behavioral Testing
Mice or rats were pretreated orally with copaiba oil (2 ml/kg) or
vehicle (0.9% NaCl) 2 h before induction of acute visceral pain
and other anti-nociceptive activity models, and with dipyrone
(500 μg/Kg, oral) or morphine (5 mg/kg, intra-peritoneal) 0.5 h
before the tests [13,43]
To examine acid-evoked pain responses, we used the “AAinduced writhing test.” Writhing was induced by intraperitoneal injection (100 μl) of AA 0.6% [44]. Plasma and tissue
samples were taken from mice at the end of all experimental
protocol. “Hot plate” and “tail-flick” methods were used to
test thermal hyperalgesia. Rats or mice were habituated to the
experimental environment for 30 min in their home cage. Then
they were placed on a hot plate (55 ± 1°C) and the time until
the rodent jumped or licked either of its hind paws was recorded
as a hot plate latency. Following a response, the test animal was
immediately removed from the plate [45,46].
Mechano-nociception was evaluated by the tail-flick test.
Animals were placed on a box and its tail under a bulb. A radiant
heat tail-flick analgesiometer was used to measure response
latencies according to the method described previously [47,48].
The reaction time was recorded for control (saline injection)
animals or in animals pretreated with copaiba oil (2 ml/kg, p.o.)
or with morphine (5 mg/kg, i.p.) 0.5 h before the tests. All
animals were selected 24 h before the test on the basis of their
reactivity in the model by eliminating those that remained on
the apparatus for up to 8 s. A latency period (cut-off) of 20 s
was defined as complete analgesia.

Histology
Tissues were collected from control and treated mice (n = 3)
for each experimental group, fixed in 10% neutral formalin, and
stained by either hematoxylin and eosin or Masson’s trichrome.
The organs architecture and inflammatory infiltration were
evaluated.

Biochemical Analysis
Aspartate and alanine aminotransferase (AST and ALT) and
creatine kinase (CK or CPK) plasmatic enzyme activities
were evaluated at Clinical Analysis Laboratory from UNP and
determined by commercial kits from Roche (Germany).

Statistical Analysis
Data are expressed as means ± standard error of mean and
comparisons among groups were performed using one-way
analysis of variance, followed by the Student-Newman-Keuls
test for multiple comparisons. Statistical significance level was
considered as P < 0.05.
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RESULTS
Behavioral Testing Models
AA-induced Writhing
The injection of AA (100 μl/mice) markedly increased the
writhing in mice than that observed in the vehicle group
(P < 0.05), thus reproducing a real acute abdominal constriction
response [Figure 1], which was accompanied by inflammatory
activity confirmed by congestion and intracellular edema in
all organs collected. Copaiba oil pre-treatment significantly
(P < 0.05) reduced AA-induced writhing to level near with the
vehicle group; moreover, an overproduction of megakaryocytes
by spleen was observed only in this group [Figure 2].
Hot Plate and tail-flick Assays
Copaiba oil pre-treatment caused a marked increase in the
pain latency in both algesiometer assays, hot plate and tail-

Figure 1: Acetic acid (AA)-induced writhing. Copaiba oil and dipyrone
pretreatment significantly reduced AA-induced writhing in mice when
compared to levels to those of the AA plus vehicle group (n = 5). Both treatment
modalities significantly differed from the vehicle-treated group (P < 0.01)

flick, compared to levels observed in vehicle-treated group
[Figures 3 and 4].

Plasma Enzymes AST, ALT and CK Activity
The CK activity was significantly increased in both copaiba oil
and dipyrone-treated group when compared with levels observed
in vehicle-treated group. No statistically different change was
observed in AST and ALT activity for all experimental groups
[Figure 5 and Table 1].

DISCUSSION
AST (EC 2.6.1.1) and ALT (EC 2.6.1.2) are enzymes found
mainly in the liver, but also present in red blood cells, heart
cells, muscle tissue and other organs, such as the pancreas and
kidneys. AST and ALT formerly are called serum glutamate
oxalacetate transaminase and serum glutamate pyruvate
transaminase, respectively. The levels of AST and ALT in serum
can also help in the diagnosis of muscular injury [49,50].
CK is an intracellular enzyme found in a variety of striated and
smooth muscles and brain; it is an important enzyme regulator of
high-energy phosphate production and utilization in contractile
tissues. Normally, very little CK is found in the circulating blood.
Elevated levels indicate damage to either muscle or brain;
possibly from a myocardial infarction (heart attack), muscle
disease or stroke [51-53]. Although not all myopathies produce
a rise in CK activity, it is found to be increased as a result of
muscle fiber destruction after mechanical trauma, toxic injury or
alteration of enzymatic or structural proteins. In addition, sera
from patients with muscle disease contain an inhibitor of CK
that may lead to underestimation of CK activity. This suggests
that the CK inhibitor may be released into serum from injured
muscle [54]. CK elevation varies within disorders, with increases
that may range from 2 to 100-fold of the reference value. Blood
can be sampled from animals using different techniques with
differing impacts on animal discomfort due to differences in
handling, restraining, anesthesia, invasiveness and the volume
taken. The method of blood sampling can also affect the
outcome of blood analysis [55].
In the current study, the copaiba oil administration caused a
significant reduction on the AA-induced writhing in mice, and
Table 1: Measurements of AST, ALT and CK enzyme plasma
activity in AA-induced writhing in mice (n=5) and pretreated
with copaiba oil
Groups
AA
AA+copaiba oil
Copaiba oil
AA+dypirone
Dypirone
Vechicle

Figure 2: Spleen histology. Overproduction of megakaryocytes by
spleen (H and E, ×400) in copaiba oil pretreated group and submitted
to acetic acid-induced writhing in mice (n = 3)
196

AST (UL)

ALT (UL)

CK (UL)

151±15.25
248.6±36.08
144.4±21.36
219.1±43.91
145.6±26.84
137.8±23.64

62±7.844
55.13±5.31
44.57±2.78
49.83±6.204
46.40±7.42
72.17±12.73

547.8±55.49
1332±302.1***
485.2±145.6
1100±142.5***
414±128.6
522.8±83.39

Data are expressed as mean±SEM of 5 mice. ***P<0.001 compared
to mice injected with saline (vehicle) AST: Aspartate aminotransferases,
AA: Acetic acid, ALT: Alanine aminotransferases, CK: Creatine kinase,
SEM: Standard error of the mean
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Figure 3: Hot plate assay. Copaiba oil pretreatment caused a significant increase in pain latency response in hot plate test similar to level observed
to morphine in algesiometer assay (n = 5). **P < 0.01 and ***P < 0.001 compared to the vehicle-treated group

Figure 4: Tail-flick assay. Copaiba oil pretreatment caused a significant increase in pain latency response in tail flick test similar to level observed
to morphine in algesiometer assay (n = 5). **P < 0.01 and ***P < 0.001 compared to the vehicle-treated group

on the other hand it has a significant anti-nociceptive activity
under behavioral testing models in mice and rats. The plasma
CK levels and the megakaryocytes production were augmented
in both copaiba oil and dipyrone-pretreated group submitted
to AA-induced writhing when compared to the vehicle control
group. However, AST and ALT presented no significant
change in any of the pretreated groups compared with vehicle
control group. Shibata and Kobayashi [56] demonstrated that
substantial amounts of CK leaked out of rat platelets and
suggested that CK might contribute to some reactions, which
consume ATP during aggregation, presumably donating the
energy for shape change. The elevation of CK activities in
whole blood was attributed to the liberation of these enzymes
from platelets during the clotting process before centrifugation,
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and also occurs to lactate dehydrogenase, AST and others
[57,58]. This increase might not be observed in other species
such as dogs, as previously reported [59]. The elevated CK
from platelets might be of the brain-type (CK-BB), as Meltzer
and Guschwan [60] only found this isoenzyme in rat platelets.
Some authors recommend the use of plasma in studies using
laboratory animals, particularly rodents, in view of the marked
release of intracellular substances from blood corpuscles,
platelets in particular, during blood coagulation [61,62].
There are three types, or isoforms, of CK: CK-I or BB, is
produced primarily by brain and smooth muscle; CK-II or MB,
is produced primarily by heart muscle, and CK-III or MM, is
produced primarily by skeletal muscle [52,63]. Supporting “the
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Figure 5: Aspartate aminotransferases (AST), alanine aminotransferases (ALT) and creatine kinase (CK) plasma enzymes. Mice submitted to
acetic acid-induced writhing and pretreated with copaiba oil or dipyrone presented increased CK levels when compared to levels observed in
vehicle group. No significant changes were detected in AST, ALT (n = 5). ***P < 0.001 compared to the vehicle-treated group

privileged access” of ATP to the enzyme, it has been shown
that mitochondrial CK reacts slowly with externally added
ATP, but rapidly utilizes ATP newly synthesized by oxidative
phosphorylation [64].
In current respiratory and bioenergetics muscle control models,
the analysis has been focused on the influence of ADP, ATP,
nicotinamide adenine dinucleotid dehydrogenase or O2 on
VO2 in either the kinetic or thermodynamic formulation,
especially with respect to a rate-limiting substrate or enzyme
activity. The analysis provides continuity between past and
present studies, but overlooks a fundamental issue: The tight
interaction of cellular metabolite flux militates against a simple
reduction of all enzyme reactions to a rate-limiting step. Indeed,
metabolic control analysis has pointed out this weakness and
has introduced control coefficient and elasticity terms to
characterize metabolic flux during muscle contraction [65-69].
In addition, megakaryocytes express all the known eight
subtypes of P2Y receptors and constitutively release ADP.
Balduini et al. [70] made the first demonstration that ADP
released by megakaryocytes regulates their function by
interacting with P2Y13. They demonstrated that the platelet
count of patients with congenital delta-storage pool deficiency
lacking secretable ADP was significantly lower than that of
patients with other platelet function disorders, confirming
the important role of secretable ADP in platelet formation.
Platelets also release substances that promote tissue repair
and influence the reactivity of vascular and the other blood
cells in angiogenesis and inflammation [71]. In addition, red
blood cells are understood to enhance interactions between
leukocytes and endothelial adhesion molecules by pushing the
larger leukocytes to the periphery [72]. Leukocyte migration to
the sites of inflammation occurs through specific interactions
with the vascular endothelium under conditions of shear
stress [73]. Previously our team demonstrated the capacity of
copaiba oil treatment to reduce leukocyte migration and edema
in caerulein-induced pancreatitis in mice [13].
The medical impact of pain, mainly muscular pain, is such
that much effort is being applied to develop novel analgesic
drugs directed toward new targets and to investigate the
analgesic efficacy of known drugs. Ongoing research requires
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cost-saving tools to translate basic science knowledge into
clinically effective analgesic compounds. Experimental models
can be developed into truly predictive tools saving costs for
analgesic drug development, and provide expert knowledge
about; (i) the pharmacological actions of analgesic drugs,
(ii) physiological bases of the experimental pain models and
(iii) the pathophysiology and pathopsychology of clinical
pain [74-79]. Our results indicate that copaiba oil may act
as an anti-nociceptive agent and induce the plasmatic CK
increase by a mechanism involving, probably, megakaryocytes
overproduction by the spleen, suggesting the involvement of
immature platelets in this process; however, these data need to
be better investigated in the future.

ACKNOWLEDGMENTS
D.L. Medeiros was supported by a fellowship from Conselho
Nacional de Desenvolvimento Científico e Tecnológico,
CNPq, Brazil at Potiguar University. Our special thants to Prof.
Dr. Maria Goretti F. Carvalho who performed the histological
analysis.

REFERENCES
1.
2.
3.
4.
5.

6.
7.
8.

Collier HO, Dinneen LC, Johnson CA, Schneider C. The abdominal
constriction response and its suppression by analgesic drugs in the
mouse. Br J Pharmacol Chemother 1968;32:295-310.
Chen CC, Zimmer A, Sun WH, Hall J, Brownstein MJ, Zimmer A. A role
for ASIC3 in the modulation of high-intensity pain stimuli. Proc Natl
Acad Sci U S A 2002;99:8992-7.
Meotti FC, Carqueja CL, Gadotti Vde M, Tasca CI, Walz R, Santos AR.
Involvement of cellular prion protein in the nociceptive response in
mice. Brain Res 2007;1151:84-90.
Krzyzanowska A, Avendaño C. Behavioral testing in rodent models
of orofacial neuropathic and inflammatory pain. Brain Behav
2012;2:678-97.
Watanabe F, Arnold WD, Hammer RE, Ghodsizadeh O, Moti H,
Schumer M, et al. Pathogenesis of autosomal dominant hereditary
spastic paraplegia (SPG6) revealed by a rat model. J Neuropathol
Exp Neurol 2013;72:1016-28.
Veiga Junior VF, Andrade Junior MA, Ferraz ID, Christo HB, Pinto AC.
Constituintes das sementes de Copaifera officinalis L. Acta Amazon
2007;37:123-6.
Sousa RB, Silva RA, Marques LG, Morais LS, Santos MR, Pessoa
CO. Applications of Copaifera L. oil resin in popular medicine:
A technologic prospection. Rev Geintec 2012;3:144-55.
Gonela A, Sebbenn AM, Soriani HH, Mestriner MA, Martinez CA,

J Exp Integr Med ● Jul-Sep 2014 ● Vol 4 ● Issue 3

Medeiros, et al.: Interleukin-18 polymorphisms
Alzate-Marin AL. Genetic diversity and mating system of Copaifera
langsdorffii (Leguminosae/Caesalpinioideae). Genet Mol Res
2013;12:569-80.
9.
Alves JM, Munari CC, de Azevedo Bentes Monteiro Neto M, Furtado
RA, Senedese JM, Bastos JK, et al. In vivo protective effect of
Copaifera langsdorffii hydroalcoholic extract on micronuclei induction
by doxorubicin. J Appl Toxicol 2013;33:854-60.
10. Teixeira RK, Yamaki VN, Yasojima EY, Brito MV. Effect of copaiba oil
in hepatic damage induced by acetaminophen in rats. Acta Cir Bras
2013;28:526-30.
11. Santos AO, Ueda-Nakamura T, Dias Filho BP, Veiga Junior VF, Pinto AC,
Nakamura CV. Antimicrobial activity of Brazilian copaiba oils obtained
from different species of the Copaifera genus. Mem Inst Oswaldo
Cruz 2008;103:277-81.
12. Veiga Junior VF, Rosas EC, Carvalho MV, Henriques MG, Pinto AC.
Chemical composition and anti-inflammatory activity of copaiba
oils from Copaifera cearensis Huber ex Ducke, Copaifera reticulata
Ducke and Copaifera multijuga Hayne – a comparative study.
J Ethnopharmacol 2007;112:248-54.
13. Medeiros DL, Lemos TE, Junior LH, Montenegro TB, Camara PR.
Effect of copaiba oil on acute pancreatitis in mice. J Exp Integr Med
2014;4:107-14.
14. Babcock M, de Silva D, Oaks R, Davis-Kaplan S, Jiralerspong S,
Montermini L, et al. Regulation of mitochondrial iron accumulation
by Yfh1p, a putative homolog of frataxin. Science 1997;276:1709-12.
15. Lodi R, Kemp GJ, Iotti S, Radda GK, Barbiroli B. Influence of cytosolic
pH on in vivo assessment of human muscle mitochondrial respiration
by phosphorus magnetic resonance spectroscopy. MAGMA
1997;5:165-71.
16. Lodi R, Taylor DJ, Tabrizi SJ, Hilton-Jones D, Squier MV, Seller A, et al.
Normal in vivo skeletal muscle oxidative metabolism in sporadic
inclusion body myositis assessed by 31P-magnetic resonance
spectroscopy. Brain 1998;121:2119-26.
17. Angelini C, Martignago S, Bisciglia M. New treatments for
myasthenia: A focus on antisense oligonucleotides. Drug Des Devel
Ther 2013;7:13-7.
18. Matthews PM, Allaire C, Shoubridge EA, Karpati G, Carpenter S,
Arnold DL. In vivo muscle magnetic resonance spectroscopy
in the clinical investigation of mitochondrial disease. Neurology
1991;41:114-20.
19. Jenkins BG, Rosas HD, Chen YC, Makabe T, Myers R, MacDonald M,
et al 1H NMR spectroscopy studies of Huntington’s disease:
Correlations with CAG repeat numbers. Neurology 1998;50:1357-65.
20. Kaplan J. Friedreich’s ataxia is a mitochondrial disorder. Proc Natl
Acad Sci U S A 1999;96:10948-9.
21. Lodi R, Cooper JM, Bradley JL, Manners D, Styles P, Taylor DJ, et al.
Deficit of in vivo mitochondrial ATP production in patients with
Friedreich ataxia. Proc Natl Acad Sci U S A 1999;96:11492-5.
22. Muscular Dystrophy Association (MDA); 2014. Available from: http://
www.mda.org/disease/mitochondrial-myopathies [Last accessed on
2014 Jun 30].
23. Castilho RF, Ward MW, Nicholls DG. Oxidative stress, mitochondrial
function, and acute glutamate excitotoxicity in cultured cerebellar
granule cells. J Neurochem 1999;72:1394-401.
24. Reynolds IJ. Mitochondrial membrane potential and the permeability
transition in excitotoxicity. Ann N Y Acad Sci 1999;893:33-41.
25. Sullivan PG, Rabchevsky AG, Waldmeier PC, Springer JE.
Mitochondrial permeability transition in CNS trauma: Cause or effect
of neuronal cell death? J Neurosci Res 2005;79:231-9.
26. Campuzano V, Montermini L, Lutz Y, Cova L, Hindelang C,
Jiralerspong S, et al. Frataxin is reduced in Friedreich ataxia patients
and is associated with mitochondrial membranes. Hum Mol Genet
1997;6:1771-80.
27. Nioka S, Argov Z, Dobson GP, Forster RE, Subramanian HV, Veech RL,
et al. Substrate regulation of mitochondrial oxidative phosphorylation
in hypercapnic rabbit muscle. J Appl Physiol (1985) 1992;72:521-8.
28. Veech RL, Lawson JW, Cornell NW, Krebs HA. Cytosolic
phosphorylation potential. J Biol Chem 1979;254:6538-47.
29. Du F, Zhu XH, Zhang Y, Friedman M, Zhang N, Ugurbil K, et al. Tightly
coupled brain activity and cerebral ATP metabolic rate. Proc Natl Acad
Sci U S A 2008;105:6409-14.
30. Keller A. Breaking and building the wall: The biology of the blood-brain
barrier in health and disease. Swiss Med Wkly 2013;143:w13892.
31. Klaassen CD, editor. Casarett & Doull’s Toxicology: The Basic Science

J Exp Integr Med ● Jul-Sep 2014 ● Vol 4

● Issue 3

32.
33.
34.

35.

36.

37.

38.
39.
40.
41.

42.
43.
44.

45.
46.

47.

48.

49.
50.
51.
52.

53.

of Poisons. 6th ed. McGraw-Hill Professional; 2001.
Lebleu V, Macdonald B, Kalluri R. Structure and function of basement
membranes. Exp Biol Med (Maywood) 2007;232:1121-9.
Plaisier E, Gribouval O, Alamowitch S, Mougenot B, Prost C, Verpont
MC, et al. COL4A1 mutations and hereditary angiopathy, nephropathy,
aneurysms, and muscle cramps. N Engl J Med 2007;357:2687-95.
Jeanne M, Labelle-Dumais C, Jorgensen J, Kauffman WB,
Mancini GM, Favor J, et al. COL4A2 mutations impair COL4A1 and
COL4A2 secretion and cause hemorrhagic stroke. Am J Hum Genet
2012;90:91-101.
Allamand V, Guicheney P. Merosin-deficient congenital muscular
dystrophy, autosomal recessive (MDC1A, MIM#156225, LAMA2
gene coding for alpha2 chain of laminin). Eur J Hum Genet
2002;10:91-4.
Sijens PE, Fock JM, Meiners LC, Potze JH, Irwan R, Oudkerk M. MR
spectroscopy and diffusion tensor imaging of the brain in congenital
muscular dystrophy with merosin deficiency: Metabolite level
decreases, fractional anisotropy decreases, and apparent diffusion
coefficient increases in the white matter. Brain Dev 2007;29:317-21.
Muscular dystrophy: Hope through research. National Institute of
Neurological Disorders and Stroke; 2014. Available from: http://
www.ninds.nih.gov/disorders/md/detail_md.htm [Last accessed on
2014 Jun 30].
Amato AA, Brown RH Jr. Dysferlinopathies. Handb Clin Neurol
2011;101:111-8.
Barohn RJ, Amato AA. Distal myopathies. Semin Neurol 1999;19:45-58.
Kohler M, Clarenbach CF, Bahler C, Brack T, Russi EW, Bloch KE.
Disability and survival in Duchenne muscular dystrophy. J Neurol
Neurosurg Psychiatry 2009;80:320-5.
Birnkrant DJ, Bushby KM, Amin RS, Bach JR, Benditt JO, Eagle M, et al.
The respiratory management of patients with duchenne muscular
dystrophy: A DMD care considerations working group specialty
article. Pediatr Pulmonol 2010;45:739-48.
Zimmermann M. Ethical guidelines for investigations of experimental
pain in conscious animals. Pain 1983;16:109-10.
Kaliç FS, Eroc K. Central components in the antinociceptive activity
of dipyrone in mice. Inflammopharmacology 2000;8:259-65.
da S Emim JA, Souccar C, de A Castro MS, Godinho RO, Cezari MH,
Juliano L, et al. Evidence for activation of the tissue kallikrein-kinin
system in nociceptive transmission and inflammatory responses
of mice using a specific enzyme inhibitor. Br J Pharmacol
2000;130:1099-107.
Espejo EF, Mir D. Differential effects of weekly and daily exposure to
the hot plate on the rat’s behavior. Physiol Behav 1994;55:1157-62.
Santos AR, Miguel OG, Yunes RA, Calixto JB. Antinociceptive
properties of the new alkaloid, cis-8, 10-di-N-propyllobelidiol
hydrochloride dihydrate isolated from Siphocampylus verticillatus:
Evidence for the mechanism of action. J Pharmacol Exp Ther
1999;289:417-26.
Vaz ZR, Filho VC, Yunes RA, Calixto JB. Antinociceptive action
of 2-(4-bromobenzoyl)-3-methyl-4,6-dimethoxy benzofuran, a
novel xanthoxyline derivative on chemical and thermal models of
nociception in mice. J Pharmacol Exp Ther 1996;278:304-12.
Beirith A, Santos AR, Rodrigues AL, Creczynski-Pasa TB, Calixto JB.
Spinal and supraspinal antinociceptive action of dipyrone in formalin,
capsaicin and glutamate tests. Study of the mechanism of action.
Eur J Pharmacol 1998;345:233-45.
Huang XJ, Choi YK, Im HS, Yarimaga O, Yoon E, Kim HS. Aspartate
aminotransferase (AST/GOT) and alanine aminotransferase (ALT/GPT)
detection techniques. Sensors (Basel) 2006;6:756-82.
Pettersson J, Hindorf U, Persson P, Bengtsson T, Malmqvist U,
Werkström V, et al. Muscular exercise can cause highly pathological
liver function tests in healthy men. Br J Clin Pharmacol 2008;65:253-9.
Mahla E, Tiesenhausen K, Rehak P, Fruhwald S, Pürstner P,
Metzler H. Perioperative myocardial cell injury: The relationship
between troponin T and cortisol. J Clin Anesth 2000;12:208-12.
Siegel AJ, Dawson DM. Peripheral source of MB band of creatine
kinase in alcoholic rhabdomyolysis. Nonspecificity of MB
isoenzyme for myocardial injury in undiluted serum samples. JAMA
1980;244:580-2.
Chaudhuri A, Janicke D, Wilson MF, Tripathy D, Garg R,
Bandyopadhyay A, et al. Anti-inflammatory and profibrinolytic
effect of insulin in acute ST-segment-elevation myocardial infarction.
Circulation 2004;109:849-54.

199

Medeiros, et al.: Interleukin-18 polymorphisms
54.
55.
56.
57.
58.
59.

60.
61.
62.

63.
64.
65.
66.
67.
68.

200

Kagen LJ, Aram S. Creatine kinase activity inhibitor in sera from
patients with muscle disease. Arthritis Rheum 1987;30:213-7.
Goicoechea M, Cía F, San José C, Asensio A, Emparanza JI, Gil AG,
et al. Minimizing creatine kinase variability in rats for neuromuscular
research purposes. Lab Anim 2008;42:19-25.
Shibata S, Kobayashi B. Blood platelets as a possible source
of creatine kinase in rat plasma and serum. Thromb Haemost
1978;39:701-6.
Holmsen H, Day HJ, Pimentel M. Adenine nucleotide metabolism of
blood platelets. V. Subcellular localization of some related enzymes.
Biochim Biophys Acta 1969;186:244-53.
Friedel R, Mattenheimer H. Release of metabolic enzymes from
platelets during blood clotting of man, dog, rabbit and rat. Clin Chim
Acta 1970;30:37-46.
Aktas M, Auguste D, Concordet D, Vinclair P, Lefebvre H, Toutain PL,
et al. Creatine kinase in dog plasma: Preanalytical factors of variation,
reference values and diagnostic significance. Res Vet Sci
1994;56:30-6.
Meltzer HY, Guschwan A.Type I (brain type) creatine phosphokinase
(CPK) activity in rat platelets. Life Sci 1972;11:121-30.
Morrow PE. The setting of particulate exposure levells for chronic
inhalation toxicity studies. J Am Coll Toxicol 1986;5:533-44.
Matsuzawa T, Nomura M, Unno T. Clinical pathology reference ranges
of laboratory animals. Working Group II, Nonclinical Safety Evaluation
Subcommittee of the Japan Pharmaceutical Manufacturers
Association. J Vet Med Sci 1993;55:351-62.
Corbett AJ. Protein metabolism in Duchenne muscular dystrophy,
monoclonal and mixed skeletal muscle cultures. Clin Exp Neurol
1987;24:214-9.
Barbour RL, Ribaudo J, Chan SH. Effect of creatine kinase activity
on mitochondrial ADP/ATP transport. Evidence for a functional
interaction. J Biol Chem 1984;259:8246-51.
Chance B, Williams GR. Respiratory enzymes in oxidative
phosphorylation. I. Kinetics of oxygen utilization. J Biol Chem
1955;217:383-93.
Noack R. D. Fell: Frontiers in Metabolism. Understanding the Control
of Metabolism. XI1 and 301 Pages, Numerous Figures and Tables.
London: Portland Press; 1996, 1997.
Gibbs C. Respiratory control in normal and hypertrophic hearts.
Cardiovasc Res 1999;42:567-70.
Chung Y, Molé PA, Sailasuta N, Tran TK, Hurd R, Jue T. Control of
respiration and bioenergetics during muscle contraction. Am J Physiol
Cell Physiol 2005;288:C730-8.

69.
70.

71.
72.
73.
74.
75.
76.
77.

78.
79.

Gouspillou G, Bourdel-Marchasson I, Rouland R, Calmettes G,
Biran M, Deschodt-Arsac V, et al. Mitochondrial energetics is impaired
in vivo in aged skeletal muscle. Aging Cell 2014;13:39-48.
Balduini A, Di Buduo CA, Malara A, Lecchi A, Rebuzzini P,
Currao M, et al. Constitutively released adenosine diphosphate
regulates proplatelet formation by human megakaryocytes.
Haematologica 2012;97:1657-65.
Anitua E, Andia I, Ardanza B, Nurden P, Nurden AT. Autologous
platelets as a source of proteins for healing and tissue regeneration.
Thromb Haemost 2004;91:4-15.
Gonlugur U, Efeoglu T. Vascular adhesion and transendothelial
migration of eosinophil leukocytes. Cell Tissue Res 2004;318:473-82.
Steeber DA, Venturi GM, Tedder TF. A new twist to the leukocyte
adhesion cascade: Intimate cooperation is key. Trends Immunol
2005;26:9-12.
Gelgor L, Butkow N, Mitchell D. Effects of systemic non-steroidal
anti-inflammatory drugs on nociception during tail ischaemia and on
reperfusion hyperalgesia in rats. Br J Pharmacol 1992;105:412-6.
Beard S, Hunn A, Wight J. Treatments for spasticity and pain in
multiple sclerosis: A systematic review. Health Technol Assess
2003;7:iii, ix-x, 1.
Schnitzer TJ, Ferraro A, Hunsche E, Kong SX. A comprehensive review
of clinical trials on the efficacy and safety of drugs for the treatment
of low back pain. J Pain Symptom Manage 2004;28:72-95.
Chou R, Peterson K, Helfand M. Comparative efficacy and safety
of skeletal muscle relaxants for spasticity and musculoskeletal
conditions: A systematic review. J Pain Symptom Manage
2004;28:140-75.
Nijs J, Kosek E, Van Oosterwijck J, Meeus M. Dysfunctional
endogenous analgesia during exercise in patients with chronic pain:
To exercise or not to exercise? Pain Physician 2012;15:ES205-13.
Oertel BG, Lötsch J. Clinical pharmacology of analgesics assessed
with human experimental pain models: Bridging basic and clinical
research. Br J Pharmacol 2013;168:534-53.

© GESDAV; licensee GESDAV. This is an open access article licensed under
the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted,
non-commercial use, distribution and reproduction in any medium, provided
the work is properly cited.
Source of Support: Nil, Conflict of Interest: None declared.

J Exp Integr Med ● Jul-Sep 2014 ● Vol 4 ● Issue 3

