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Resumo g

RESUMO

Os musculos dos camundongos da linhagem C57BL6J sio pouce conhecidos,
principalmente no que diz respeito as fibras hibridas. Assim sendo, procurou-se, no
presente trabalho, delinear a composicdo do musculo sbleo (SOL), extensor longo dos
dedos (EDL), tibial anterior {TA) e gastrocnémio (GAS) desses animais em camundongos
da hinhagem C57BL6J. Utilizou-se a técnica histoquimica da mATPase para determinacio
dos tipos de fibras musculares em conjunto com a técnica bioquimica de eletroforese para
identifica¢do das isoformas de miosina. O musculo SOL apresentou fibras do tipo I
(38.42%), ITA (37.90%), IIAD (18.72%) € 11D (4.94%). No EDL observou-se fibras do tipo
I{0.67%), IC/TIC (2.98%), IIA (0.64%), IIAD (8.03%), 1ID (1.07%), [IDB (24.83%) ¢ [IB
(61.74%). O TA mostrou predominancia de fibras dos tipos 1B (58.54%) e IIDB (31.26%),
seguido de fibras dos tipos [IAD (4.86%), TID (2.44%), 1A (1.71%), I (0.71%,) e IC/IC
(0.46%). No GAS foram delineadas fibras dos tipos IIB {55.08%), 1IDB (18.41%), 1ID
(2.78%), HAD (12.36%), IIA (5.56%), IC/HC (0.05%) e I (5.74%). Concluiu-se neste
trabatho que o masculo SOL de camundongos da linhagem C37BL6J apresenta
predominancia de fibras dos tipos [ e 1A, devido a sua funcio de musculo postural. Nos
musculos, EDL, TA e GAS, a maioria de fibras sdo do tipo IIB. A possivel explicagiio para
a maior ocorréncia de fibras 1IB, de contracdo rapida no EDL TA e GAS, deve-se ao
reduzido tamanho desses animais, o que permite, e em algumas situagbes exige,

movimentos rapidos. Por isso ha predominincia de fibras de contragio rapida nestes
musculos.
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Abstract

The muscles of CS7BL6J mice are little known, especially with respect to hybrid
fibers. Thus, in the present study we present the composition of the (SOL), extensor
digitorum longus (EDL), tibialis anterior (TA) and gastrocnemius {GAS) muscles of these
animals.. The mATPase histochemical analysis was used for typing muscle fibers, and the
biochemical electophoresis technique for mvosin heavy chain isoforms identification. The
SOL muscles presented fibers of types [ (38.42%), 1A (37.9%), HAD (18.72%) and 1ID
{4.95%) and the EDL presented fibers of types T (€.59%;, IC/AIC (2.63%), 1IA {0.57%),
TAD (7.09%), 11D (0.96%;), IIDB (21.92%), and 1B (66.23%). The TA muscie showed a
predominance of fibers of types lIB (58.54%) and IIDB (31.26%), followed by fibers of
types HAD (4.86%), 11D (2.44%), 1A (1.71%), 1 {0.71%), and IC/IIC (0.46%). The GAS
muscle showed fibers of types 1IB (55.08%), TIDB (18.41%), TID (2.78%), ITAD (12 36%),
ITA (5.56%), IC/IIC (0.05%), and 1(5.74%9%). Nevertheless, in the present study we conchude
that the SOL muscle of C57BL6J mice had predomination of 1 e IIA type fibers. In EDL,
TA and GAS muscle, the great number of fiber are classified as type 1IB. The explanation
for major type 1B fast fiber in EDL, TA and GAS muscle, is the little size of mice, that
have fast movements.
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1. Introducace

A proteina mais abundante dos musculos estriados esqueléticos é a miosina, possuidora
de cadeias leves e pesadas e representando, aproximadamente 25% do total de proteinas.
Sua principal funcdo € a sustentacio dos sarcOdmeros e a participaciio como proteina
reguladora no processo de contrago muscular, interagindo com a actina e com a molécula
de ATP. Esta interagdo difere em velocidade para cada tipo de isoforma de miosina,
determinando assim a velocidade de contracdo do misculo (Baldwin and Haddad 2001).

Nos trabalhos pesquisados, foram identificadas nove isoformas de miosina nos
musculos estriados esqueléticos ¢ cardiacos de mamiferos: a) embridnica, b) neonatal, ¢)
cardiaca alfa (¢}, d) cardiaca beta (B) ou lenta tipo 1, €) rapida Ha, f) rapida Ild, g) rapida
Iib, h) extraocular e 1) mandibular ou mastigatoria. A isoforma embridnica e a neonatal sio
encontradas. predominantemente, em musculos em desenvolvimento, mas podem ser
encontradas em fibras adultas em situagdo de regeneracdo. A isoforma o e a P estio
presentes, principalmente, nos musculos cardiacos, entretanto a isoforma o pode ser
encontrada em certos musculos de animais adultos como o masseter. As isoformas P
tambem podem ser encontradas em musculos esqueléticos em fase embrionaria, e sio as
principais isoformas encontradas nas fibras de contragdo lenta. Nos misculos esqueléticos
de individuos adultos foram identificadas as isoformas ITa, IId/x e IIb. No musculo
masseter dos carnivoros as principais 1soformas presentes sdo a mandibular e a mastigatoria
e nos musculos extraoculares a isoforma predominante recebe o nome de extraocular. Estas
sdo isoformas especializadas para o tipo de contracio destes musculos. A isoforma

extraocular esta presente unicamente nos musculos extraoculares e nos masculos da laringe
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e a isoforma mastigatoria nos muasculos mandibulares de camnivoros (Baldwin and Haddad
2001, Pette and Staron 2000).

As fibras musculares de ratos adultos apresentam, em geral, uma isoforma do tipo lenta
{(MHC slow) e trés 1soformas do tipo rapida (MHC fast) {Schiaffino and Reggiani, 1994). A
forma lenta € chamada MHCI e as rapidas s3o chamadas, respectivamente, MHCIIa,
MHCIId e MHCIIb. A MHCIId ¢ também chamada de MHClIx (Schiaffino et al. 1989; De
Nardi et al. 1993). Estudos de fibras musculares isoladas (Single Fiber Analysis) vém
demonstrando uma correlagdo entre fibras classificadas atraves da técnica histoquimica da
mATPase e as cadeias de miosina determinadas por eletroforese em coelhos (Staron and
Pette 1986), ratos (Termin et al. 1989) e humanos (Staron 1991). Assim, fibras classificadas
como sendo do tipo I apresentam a isoforma do tipo 1 {MHCI) e as dos tipos 1A, TID e IIB,
apresentam cadeias dos tipos Ifa, IId e 1Ib (MHCIIa, MHCIId e MHCIIb). A maior parte
das fibras musculares apresenta apenas um tipo de cadeia pesada de miosina (MHC) e sdo
chamadas de fibras puras (Staron and Pette 1993). Entretanto, a analise de fibras
musculares 1soladas tem demonstrado que em algumas delas aparecem duas isoformas, tais
como: MHCIHMHCHa, MHCHa+MHCIHd ou MHCHd+MHCIIb (Staron and Pette 1993).
Estas fibras s@o chamadas de hibrmidas. Aquelas gue contém MHCI ¢ MHCIla sfo
classificadas como sendo do tipo IC (predomindncia de MHCI} ou do tipo IIC
(predominancia de MHCIIa). As que contém MHCIIa e MHCIId sdc do tipo ITIAD ou [IDA
e aquelas contendo MHCIId e MHCIIb sao do tipo 1IDB ou 1IBD (Staron and Pette 1993).
Os diferentes tipos de fibras sugerem a existéncia de uma sequéncia continua
(“continuum”) das mais lentas até¢ as mais rapidas, com as hibridas formando um
intercdmbio (“gap”) entre os tipos de fibras puras, obedecendo sempre a sequéncia -

I ICHIICSTTACTIADSIIDAGIIDIIDB«» IIBD«> B (Staron et al. 1999). Embora
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as fibras hibridas ndo representem porcentagem muito alta em relagdio as puras, dados
indicam um consideravel nimero dessas fibras em musculos de animais adultos (Biral et al.
1988, Staron 1991, Galler et al. 1994). Em ratos adultos normais pelo menos 3% das fibras

contém MHCIIa+MHCIId e 10% contém MHCIId+MHCI!b (Staron and Pette 1993),



2. ASPECTOS GERAIS SOBRE IDENTIFICACAQ DE FIBRAS MUSCULARES
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2. Aspectos Gerais sobre Identificacfio de Fibras Musculares

Varios metodos ja foram propostos para a classificago das fibras musculares
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Em outros estudos (Brooke and Kaiser 1970, Mimtener 1979) foi observado que os

> AN
valores de pH nas reacdes da mATPase variam entre as espécies, interferindo diretamente
na identificagio cas fibras musculares. Segundo Brooke e Kaiser (1970}, os pontos criticos

-

para diferenciagBe de fibras musculares sdo o valor do pH da reagic e a duracio da pré-

incubacdc. Esses valores sdo diferentes para cada espécie, ¢ podem variar também entre
linhagens de animais. Na literatura, encontra-se nas reagdes mATPase em camundongos

CS7BL6], valores de pH 4.3, 4.6 ¢ 10.3 (Parry and Wilkinson 1989}); em humanos 4.3, 4.5

hn

e 10.4 (Hostler et al 2001);

<
=)

L2

08 4.

B
[}
<
&
=3
s D
&
-
£
Lol
]
@

, 4.5 e 9.6 (Staron and Pette 1987) e
Fisher 344 valores de 4.1, 4.4 ¢ 9 8 {Starcn et al 1999},

Observa-se que as fibras de contragio rapida coram-se de marrom escure em pH
alcalino e o inverso acontece com fibras de contragio lenta. Em pH 4cido as fibras lentas

coram-se¢ de marrom escurc ¢ as rapidas de marrom claro. Este mecanismo ainda nfio

A classificagie de fibras musculares pela mATPase {Sréter et al. 1966, Seidel 1967,
Guth and Samaha 1969} pode ser comparada com a anélise bioquimica de isoformas de
miosina com © objetive de confirmagio de dados {Hostler et al 2001).

As enzimas reiacionadas com o metabolismo aerdbico e anaerdbico também sio
utilizadas para classificagic das fibras musculares. Nz reagic histoquimica de SDH o
objetivo € a diferenciagfio de fibras musculares como oxidativas e glicoliticas, isto ¢,
caracteriza-se as fibras quantc a capacidade oxidativa que elas tem de gerar ATP pela
fosforilag@o oxidativa. Esta reagfio ocome na mitocdndria, o que explica a alta concentracio

destas organelas nas fibras oxidativas. A atividade da enzima SDH foi detectada de acords
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com a quantidade de

in

nitocdndrias coradas na regifio subsarcolemal e entre as miofibrilas.

Assim sendo, fibras oxidativas apresentam grande concentracio de coloraglic roxa escura

enquanto as glicoliticas aparecerfo roxas menos intensa {Eisenberg 1983).

anaerObica para gerar ATP. A enzima oGP € uma das enzimas utilizadas para distinguir as
fibras musculares de acorde com seu potencial glicolitico. Esta reagic histoquimica ¢ muito
parecida com a de SDH, entretanto a enzima n#io esté localizada dentro das mitocdndnas e

sim no citoplasma, resultando portanto em uma reagdo de coloragdo mais homogénea

Inicialmente, a classificacic das fibras musculares em brancas e vermelhas er
utilizada como sindnimo de fibras rapidas e lentas, respectivamente (Barnard et al. 1971,
Peter et al. 1972, Armstrong and Phelps 1984} A partir dai foi proposta uma classificaglio
das fibras em oxidativas lentas (slow oxidative-SO), oxidativas glicoliticas répidas (fast

oxidative glycolytic-FOG) ¢ as glicoliticas rapidas (fast glycolvtic-FG) (Lieber 19923,

Uma outra forma para se determinar e classificar as fibras musculares ¢ atraveés de

reagBes tmunchistoquimicas. Esta técnica vis

o
o

identificacfo de proteinas presentes na
fibra muscular de acordo com a propriedade de reconhecimento de determinadas regides da
proteina pele anticorpo utilizado, sendo este anticorpe preduzido pelo propric animal
(Licher 1992) Entretanto, um problema consideréve!l na utilizagBio desta técnica € a

necessidade de utilizacdc de anticorpos especificos para cada tipo de fibra e para cada

Dentre as técnicas utilizadas, a identificagdo das isoformas de miosina pela

gletroforese quando associada @ mATPase permite a obteng@io de dados qualnativos ¢
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quantitativos na classificagdc das fibras musculares. Esta téenica € muito utilizada como
confirmagdo dos resultados qualitatives obtides nas reagdes histoguimicas.

Essas 1soformas além de serem analisadas nas fibras musculares esqueléticas, sio
também identificadas em fibras intrafusais de determinados misculos extraoculares
(Wieczorek et al. 1985, Asmussen et al. 1993} laringeos (Delgaudio et al. 1995, Lucas et
al. 1995} mastigatérios (Rowlerson et al. 1981, Mascarelic ef al. 1982 ¢ 1983, Shelicn et
al. 1988; Kirkeby 1996} A técnica eletroforética pode ser realizada inclusive isolando-se
apenas uma fibra muscular, com a certeza de se determinar seu tipo (Single Fiber Analysis)
{Staron and Pette 1986). A anilise de fibra unica representa uma técnica completa e
detathada do estudo das bases moleculares da diversidade das fibras musculares, com dados

tante microbioquimicos como microimunoquimicos (Pette and Staron 1990).
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3. Justificativa e Objetivo do Trabalhe

Existem poucos estudos com o objetivo de delinear a constituigdo dos musculos de
camundongos (Dribin and Simpson 1977, Faranbach et al. 1978, Parry and Parslow 1981,
Zardini and Perry 1994, Campos et al. 19935) no que se refere a porcentagem e area das
fibras (Hamaélidinen and Pette 1993). O objetivo de alguns autores (Dribin and Simpson
1977, Parry and Parslow 1981, Webster and Bressler 1985, Redenbach et al. 1988, Parry
and Wilkinson 1989, Parry and Zardini 1990, Zardini and Parry 1994, Campos et al. 1995}
fol apenas a avaliag@o das técmicas de 1dentificagio das fibras musculares de acordo com
seus tipos (puras) e subtipos (hibridas). Nesses trabalhos, outras reagBes histoquimicas,
como o NAD, SDH ou anticorpos monoclonais, foram utilizadas na diferenciagio das
fibras. Assim, diferentes critérios foram utilizados para classifica¢fio tais como: fibras
vermelhas, intermediarias, brancas, oxidativas, glicoliticas, fibras tipo I, A e IIB (Parry
and Parslow 1981, Redenbach et al. 1988, Parry and Wilkinson 1989, Campos et al. 1995),
foram utilizados.

Os camundongos da linhagemC57BL6J vém sendo utilizados para estudos ligados a
regeneracdo neuro-muscular (Campos et al 1995, Marques et al. 1996), sendo de grande
importancia © conhecimento da composicdo de seus musculos esqueléticos. Com estes
estudos obtém-se diferentes interpretaces dos resultados j4 obtidos em ambas linhas de
pesquisa, e torna-se possivel a elaboragio de novos trabathos.

O objetivo do presente trabalho foi a analise dos musculos esqueléticos dos
camundongos da linhagem C57BL6J, principalmente no que concerne aos tipos hibridos de

fibras musculares. Obtendo-se mais informacdes sobre os tipos e subtipos de fibras
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musculares de animais normais, pode-se correlacionar estes dados com os de animais

tratados sob diferentes situagdes em estudos futuros.
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Abstract The objective of the present study was to analyze the skeletal muscles of C57BL6J
mice using histochemical and biochemical methods. In general, rat skeletal muscle can present
up to four myosin heavy chains (MHCI, Ha, Iid and 1Ib}. Analysis of isolated muscle fibers has
demonstrated that type I, HHA, IID and 1B fibers, called pure, present type 1, Ila, IId, and Iib
myosin chains, respectively. Fibers defined as hybrid present at least two myosin chains such as
MBECI+MHCHa, MHCHa+MHCId or MHCIId+MHCIIb. These fiber types are denoted IC,
IIC, TTAD, IIDA, IIDB or IIBD. The muscles of C37BL6J mice are little known, especially
with respect to hybrid fibers. Thus, in the present study we present the composition of the
(SOL), extensor digitorum longus (EDL), tibialis anterior (TA) and gastrocnemius {GAS)
muscles of these animals. The SOL muscles presented fibers of types I {38.42%), IIA (37.9%),
HAD (18.72%) and HD (4.95%) and the EDL presented fibers of types I (0.59%,), IC/IIC
{2.63%), 1A (0.57%), HAD (7.09%), ID (0.96%), 1IDB (21.92%), and IIB {66.23%). The TA
muscle showed a predominance of fibers of types IIB (58.54%) and 1IDB (31.26%), followed
by fibers of types [IAD {4.86%), 11D (2.44%), HA (1.71%), 1 {0.71%), and IC/IIC {0.46%). The
GAS muscle showed fibers of types IIB (55.08%), TIDB (18.41%), IID (2.78%), IIAD

(12.36%), TTA (5.56%), ICAIC (0.05%), and 1 (5.74%).

Key Words: Muscle Fiber Types, Myosin Heavy Chain, C57BL6] Mice
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Introduction

Few studies are available about the composition of skeletal muscle of C57BL6J mice (Dribin
and Simpson 1977, Farnbach et al. 1978, Parry and Parslow 1981, Parrv and Zardini 1990,
Himalainen and Pette 1993, Zardini and Parry 1994), especially with respect to the types of
hybrid fibers. Since this animal strain is used in studies concerning neuromuscular regeneration
{Campos et al. 1995, Marques et al. 1996), it is of interest to analvze some of their muscles.

The muscies of the hindlimbs of aduit rats present a slow heavy chamn myosin (MHC
slow} and three fast heavy chain myosin isoforms (MHC fast) (Schiaffino and Reggian: 1994).
The slow 1soform is called MHCI and the fast ones are called MHCIHa, IId and IIb,
respectively. The IId 1soform 1s also called 1Ix (Baldwin and Haddad 2001, Pette and Staron
2001). Single fiber analysis has demonstrated a correlation between fibers classified by the
histochemical mTAPase technique and the mvosin heavy chains determined by electrophoresis
m tabbits (Staron and Pette 1986), humans (Staron 1991} and rats (Termin et al. 1989). Thus,
fibers classified as type I present type | heavy chain myosm (MHCI) and fibers classified as
types IA, HID and TIB present chains of types Ila, IId and IIb. Most muscle fibers present only
one myosin heavy chain isoform and are called pure fibers (Staron and Pette 1993). However,
two heavy chains occur in some fibers, such asMHCI+MHCHa, MHCHa+MHCId or
MHCHAH+MHCIb (Staron and Pette 1993). These fibers are called hvbrid. Those that contain
MHCT and MHCHa are classified as type [C (MHCI>MHCHa) or type IIC (MHCHa>MHCI).
Those that contain MHCIIa and MHCIHd are type IAD (MHCIa>MHCIId) or IIDA
(MHCHd>MHCIIa), and those that contain MHCId and MHCIb are type IIDB
(MHCIId>MHCIIb) or IIBD (MHCHOb>MHCIId) (Pette and Staron 2000). This suggests the
existence of a continuity of fiber types from the slowest to the fastest, with the hybnd ones

closing the gaps left by pure fibers: I«>lcsHees HawTad«>Hd«>IIdb<>Ib (Pette and Staron
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2000). Although hybrid fibers are not present in very high percentages compared to the pure
ones, current data indicate the presence of considerable numbers of these fibers in adult animals
(Biral et al. 1988, Staron 1991, Galler et al. 1994, Staron et al. 1999). Single fiber analysis in
adult rats has revealed that at least 3% of the fibers contain MHCHa+MHCIId and 10% contain
MHCId+MHCIb (Staron and Pette 1993),

On this basis, 1n the present study we present the composition of the soleus {SOL),
extensor digitorum longus (EDL), tibialis anterior (TA) and gastrocnemius (GAS) muscles of
(C57BL6J mice as determined by the mTAPase histochemical technique in combination with

the biochemical technique of electrophoresis.

Material and Methods

Animals

The study was approved by the Animal Ethics Committee of the Biology Institute, State
University of Campinas. Eight C57BL6J male mice were obtained from the Central Animal
House of the State University of Campinas and kept i standard cages at a constant temperature
of 25° C, with free acces to food and water until they completed 3 months of age. The animals
were then sacrificed by excess ether inhalation and their SOL, EDL, TA and GAS muscles
were removed from the right hind limb. The muscles were weighed, oriented in tragacanth gum
and immediately frozen in isopentane cooled to -159°C in liquid nitrogen, and stored frozen at -

74°C for later analysis.
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Fiber type and cross-sectional area determination

The muscles were placed in a cryostat at -24°C and left there for one hour before
processing. The midpoint of the muscles was cut into 12 um-thick sections and the main
fiber types and subtypes (I, IC, IIC, A, IIAD, IID and 11B) were delineated by the
mT APase technique (Staron and Pette 1993) after preincubation at pH 4.35, 4.55 (Brooke
and Kaiser 1970) and 10.35 (Guth and Samaha 1970). The sections preincubated at pH 4.55
were mounted photographicaliy and, in combination with the sections preincubated at pH
4.35 and 10.35, were examined for the determination of the number and percentage of each
fiber type. Cross-sectional areas were then measured in at least 50 fibers of each tvpe using

the Tmage Pro Express software (Media Cvbernetics®).

MHC analysis

After sections were collected for histochemical analysis, 5 to 15 sections (12 um) were
collected for brochemical analysis. The sections were placed in 0.5 m! of a medium of the
following composition: 10% (w/v) glycerol, 5% (v/v) 2 mercaptoethanol and 2.3% (w/v)
sodium dodecylsulfate (SDS) in 62.5 mM Tris/HCI buffer, pH-6.8. The mixture was then
shaken (17) and heated (10°) to 60°C. Small extract portions (7-10 ul) were then submitted
1o electrophoresis on 7-10% gradient polyacrylamide gels, run for 20 hours at 120 V, and
stained with Coomassie Blue (Bar and Pette 1988). MHC were identified according to their
apparent molecular masses compared with those of marker proteins. The gels were scanned
with a Sharp scanner and the percentage of each myosin chain was indirectly determined

with the Image Master software {Amersham Pharmacia).
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Statistical analysis

The mean = SD was obtained for animal and muscle weight, number and percentage of the
different fiber types, percent myosin chain of each muscle and cross-sectional area of at

ieast 50 fibers of each type for each sample.
Results

Muscle weights

The GAS muscle was the largest, followed by the TA, EDL and SOL muscles. The weight

of the GAS muscle refers to the lateral and medial portions (Table 1).

Fiber type distribution

The SOL muscle was composed of type I, HHA, IIAD and IID fibers, with a predominance
of type 1 (38.42%) and IIA (37.9%) fibers. However, a considerable population of tvpe IID
(4.95%) and IIAD (18.72%) fibers was also observed. The EDL muscle was predominantly
composed of type IIB and IIDB fibers, 66.23% and 21.92%, respectively. A smaller
number of type HHAD (7.09%), IC/IIC (2.63%) and 1 (0.59%) fibers ans also observed. The
TA muscles was predominantly composed of type IIB (58.54%) and 1IDB (31.26%) fibers,
while type HHAD, 1D and IIA fibers were observed in smaller numbers, ie., 4.86%, 2.44%
and 1.71%. respectively. Type IIB (55.08%) and IIDB (18.41%) fibers were the most
numerous in the GAS muscle, followed by type TIAD, I, HA and IID fibers (12.36%,

5.74%. 5.56% and 2.78%, respectively) (Fig. 1 and Table 2).
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Cross-sectional areas

Table 3 shows the cross-sectional area of type I, IC/TIC, TA, IAD, IID, IIDB and IIB
fibers in the muscles of C57BL6J mice. In the SOL muscle, type I fibers showed the largest
cross-sectional area, while in the EDL, TA and GAS muscles type IIB fibers showed the

largest cross-sectional area, followed by DB, 11D, ITAD and I1A fibers (Table 2).

MHC

Some rat muscles and the diaphragm of CS7BL6J mice were used as control for MHC
analysis. The SOL muscle showed a predominance of the Ha isoform (59.63%) followed by
MHCI (39.3%) and MHCIId (1.06%). In the EDL muscie, the IIb isoform corresponded to
90.05%, followed by Ila (©.78%) and 1 (0.16%). In the TA and GAS muscles, the IIb
isoform corresponded to 77.94% in both muscles, followed by the Ila isoform, which
corresponded to 22.05% and 20.47%, respectively. In the GAS muscle, the I isoform was

also observed, corresponding to 1.58% (Fig. 2 and Table 4).

Discussion

Only a few studies have been conducted thus far to investigate the muscles of CS7BL6J
mice (Dribin and Simpson 1977, Parry and Parsiow 1981, Webster and Bressler 1985,
Redenbach et al. 1988, Parry and Wilkinson 1990, Parry and Zardini 1990, Hamildinen and
Pette 1993, Zardini and Parry 1994, Campos et al. 1995). Parry and Wilkinson {1990)
stated that the EDL muscle of these mice weighs 0.012 g and the SOL muscle 0.011 g

while Webster and Bressler (1985) reported 0.060 g for the TA muscle. In the present
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study, the SOL, EDL, TA, and GAS muscles weighed 0.012 g, 0.015 g 0.051 g and 0.169
g, respectively, in agreement with literature data.

To our knowledge, only Haméldinen and Pette (1993) classified the types and
subtypes of the muscle fibers of C57BL6J mice using the mTAPase technique. However,
the major objective of these investigators was not to delineate of the number and percentage
of muscle fibers, but rather to compare four different methods used for the mTAPase
reaction. Other studies also classified the fibers of the SOL (Parry and Parslow 1981;
Campos et al. 1995), EDL (Redenbach et al. 1988, Parry and Parslow 1981, Campos et al.
1995), TA (Parry and Wilkinson 1990) and GAS (Parry and Parslow 1981) muscles of
C57BL6T mice. Several reactions were used in the cited studies, such as mTAPase, NADH,
SDH, or monoclonal antibodies for the delineation of fiber types. Different denominations
were also used to classify the fibers, such as red, intermediate or white, oxidative or
glyeolytic, type I, HHA and IIB, etc.

In the present study, the SOL muscle of mice, in contrast to other mammals in
general, showed type D (4.95%) and IIAD (18.72%) fibers. In the EDL, TA and GAS
muscles there was a predominance of type Il fibers. On average, 59.95% of the fibers were
classified as type I1B, 23.86% as ITDB, 2.06% as 11D, 8.10% as IIAD, and 2.61% as IIA in
the three muscles. Type I fibers were also present in the GAS (5.74%), TA (0.71%) and
EDL (0.59%) muscles. Parry and Zardini (1990) and Zardini and Parry (1994), using
monoclonal antibodies, concluded that the TA and EDL muscles of C57BL6J mice contain
type 1ID fibers at the 1/3 proportion. These investigators did not consider the intermediate
types IIAD and IIDB. If we consider these three fiber types and their numbers detected by

us in the EDL and TA as a whole, our data are quite close to those reported in the literature.
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Table 3 shows that the cross-sectional area of type 1 fibers was the largest in the
SOL muscle, whereas in the EDL, TA and GAS muscles type 1IB fibers showed the largest
cross-sectional area. By comparing the mean fiber area of the four muscles (Table 3), we
can see that the largest was that of SOL (1777 um®), followed by GAS (1609 um?), TA
(1519 um®) and EDL (746 um®). Parry and Wilkinson (1990) detected an area of 4378 um’
for type 1IB fibers in the superficial region of the TA muscle and an area of 3946 um” in the
deep region, For other fiber types. the area detected by these investigators was 1572 um” on
the surface and 1487 um’ in the deep region. If we compare these data with those available
for type 1IB fibers in general, we will see that there is a considerable difference. In the TA
muscles we observed 2534 um” for type IIB fibers versus 4378 um® reported by the cited
authors. According to Staron et al. (1999), the cross-sectional area of muscle fibers depends
on animal size and age. These same investigators detected a mean area of 2848 pm® for
type 1IB fibers in the TA muscle of Fisher 344 rats, in agreement with the present results.
Pullen (1997} also reported data compatible with ours for these fiber types.

In the electrophoretic analysis of the muscle extracts, the diaphragm of C57BL6J
mice and some samples of Wistar rat muscles were used as control. Relative quantification
showed a predominance of the Ila isoform in the SOL muscle (59.63%), followed by the 1
{39.3%) and IId (1.06%) isoforms. In the EDL, TA and GAS muscles, the IIb isoform
predominated (90.04%, 77.94% and 77.94%, respectively), followed by the Ia isoform
{(9.78%, 22.05% and 20.47%, respectively). The T isoform also was clearly visible in the
EDL (0.16%) and GAS (1.58%) muscies.

The separation of three distinct isoforms was observed in mouse muscles (Fig. 2). In
the SOL and DIA muscles, the isoform that migrated between the Ia and I isoforms was

less evident than in the EDL, TA and GAS muscles. However, the migrating distance of
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this myosin, which is positioned between the Tla and | isoforms, was practically the same in
all muscles. The separation of four isoforms was observed in rat muscles. When the
isoforms with the lowest migration distance were compared, a clear separation of isoforms
1ia and 1Id was observed in rat muscles, but not in mouse muscles. According to Zardini
and Parry (1994) and Parry and Zardim (1990), the diaphragm muscle of C57BL6J mice
does not present the IIb isoform and if we assume that the SOL, by being a slow contraction
muscle, does not have fibers of tvpes 1IB and IIDB, as confirmed by histochemical
analysis, we may suggest that the isoform positioned between isoforms Ila and [ in the SOL
and DJA muscles of mice is an isoform of type TId. On the other hand, since the EDL, TA
and GAS muscles are predominantly fast contraction muscles with a larger number of type
IIB and IID fibers, as confirmed by mTAPase, we may suggest that these muscles present
the IId and 1Ib isoforms but, under the laboratory conditions used for this analysis, they
migrated together and did not show adequate separation. However, a more appropriate
analysis of these muscles 1s necessary using single fiber analysis techniques or monoclonal

antibodies for a better understanding of these isoforms.
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Figure legends

Figure 1 Serial cross sections of the SOL (a-c) and EDL (d-f) muscles, superficial area of
the TA muscle {g-i), deep area of the TA muscle (j-1), superficial area of the GAS
muscle(m-o} , and deep area of the GAS muscle (p-r). mTAPase at pH 435 (a, d, g j, m,
p),455(b, e, h. k n gyand 1035(c,f 1,1, o, r). I - fiber of type L, 1A - IIA, IIAD - IAD,

11D - 0D, DB - {IDB and 1IB - IIB. 400X,

Figure 2 Electrophoretic separation of myosin heavy chains (MHC) of the plantar (p),
soleus (s), diaphragm (d), extensor digitorum longus (e), tibialis anterior (t) and
gastrocnemius muscles (g} Rat (R), Mouse (M), MHCI 1soform of type I, MHCIla - Ha,

MHCIId - Iid and MHCIIb - b
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Table 1 Weight (g) of the animals and of the SOL, EDL, TA and GAS muscles. Values are

reported as mean =SD (n-8).

Ammals S0L EDL TA GAS

26262168 00120003 001540003 005120006 0.169+0.013
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Table 2 Percentage of type 1, IC/UC, TTA, IIAD, IID_ [IDB and IIB fibers in the SOL, EDL,

TA and GAS muscles (n-8).

I ICAaC A oIaD I (DB OB

S0L 3842 - 379 1872 49 - -
EDL 039 263 057 709 096 2192 6623
TA 071 046 1.7t 486 244 3126 38354

GAS 574 005 5.5 1236 278 1841 5508
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Table 3 Area of a crossl section (um?) of type I, IC/IIC, TIA, HHAD, IID, 1IDB and [IB

fibers in the SOL, EDL, TA and GAS muscles(n-8). Values are reported as mean =8D

i 1CAIC OA HAD HD DB B

SOL  20637+218 - 1714282 16362287 17244871 - -

EDL 47332 563+100 482455 7342394 6734260 651£138 16522277 7462410
TA 1056439 10332154 16214974 1480x829 15153694 13932376 25344315 15194500

GAS 15924302 16284850 1251£131 11842205 19304366 1482:233 2201140 1609+360
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Table 4 Relative percentage of myosin heavy chains (MHC) in the SOL, EDL, TA and
GAS muscles (n-8). Values are reported as mean +SD. MHCI-type I isoform, MHCla - Ha,

MHCId - I1d and MHCIIb - ITb.

Muscles  MEHCI MHCIa MHCId  MHCEb
SOL 3934828 59.6349.14 1.06:1.99 -

EDL 0168047 5.78+4 83 - 90.04+4 85
TA - 22.05£10.68 - 77.94=10.68

GAS 1.58£204 2047892 - 77.94+10.85
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5. Consideracoes Finais

Até o momento, apenas alguns estudos (Dribin and Simpson 1977, Parrv and
Parslow 1981, Webster and Bressler 1985, Redenbach et al. 1988, Parry and Wilkinson
1989, Parry and Zardini 1990, Hamaéldinen and Pette 1993, Zardini and Parry 1994,
Campos et al. 1995) analisaram musculos de camundongos da linhagem C37BL6J. No
presente estudo, o peso do musculo SOL, EDL, TA e GAS, foram de 0.012g, 0.013g,
0.051g e 0.169g, respectivamente, 0 que parece ser coerente com 0s dados encontrados na
literatura.

De acordo com a literatura pesquisada, apenas Haméldinen and Pette (1993)
classificaram, atraves da técnica da mATPase, os tipos e subtipos de fibras musculares de
musculos de camundongos C57BL6J. No presente estudo, o musculo SOL dos
camundongos, diferentemente de outros mamiferos em geral, apresentou fibras dos tipos
11D (4.94%) e IIAD (18.72%). Nos musculos EDL, TA e GAS, houve a predominancia de
fibras do tipo II. Em média, nos trés musculos, 58.45% das fibras foram classificadas como
do tipo 1IB, 24.83% como 1IDB, 2.09% como IID, 8.41% como IIAD e 2.63% como 1A,
As fibras do tipo I também estiveram presentes no masculo GAS {5.74%), TA (0.71%) ¢
EDL (0.67%).

Quanto & area de secglo transversal das fibras, a tabela 3 nos mostra que no
musculo SOL as fibras do tipo I foram as maiores, enquanto que no EDL, TA e GAS,
foram as do tipo IIB. Comparando-se a drea média das fibras nos quatro misculos (Tabela
3), notou-e que a maior foi a do SOL (1749 um?2), seguida do GAS (1609 um2), TA (1504

um2) e EDL (746 um2), respectivamente.
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Na analise eletroforética do extrato dos musculos utilizou-se como controle ©
diafragma dos camundongos CS7BL6J e algumas amostras de musculos de ratos Wistar. A
guantificagdo relativa mostrou no SOL dos camundongos, predominio da isoforma [a
{59.63%) seguida de 1 {3930%) e Iid (1.06%) Nos musculos EDL, TA e GAS, a
predomindncia fot da isoforma ITb com 90.04%, 77.94% e 77.94%, seguida da isoforma Ila
com 9.78%, 22.05% e 20.47%, respectivamente. A isoforma I também ficou evidente nos
musculos EDL (0.16%) e GAS (1.58%).

Notou-se que houve a separacdc de trés isoformas distintas nos musculos dos
camundongos {Fig. 2). No SOL e DIA, a isoforma que migrou entre as isoformas Ila e I
ficou menos evidente do que no EDL, TA e GAS. Entretanto, a distdncia de migracdo desta
miosina, que se posiciona entre a isoforma Ia e I, € praticamente a mesma em todos os
musculos. Nas amostras dos ratos notou-se a separagio de quatro isoformas. Comparando-
se as isoformas com menor distdncia de migragdo, notou-se nos ratos a evidente separacdo
das 1soformas Ha e IId, mas nio nos musculos dos camundongos. Segunde Zardini and
Parry (1994) e Parry and Zardini (1990) o masculo diafragma dos camundongos C37BL6J
ndo apresenta a isoforma IHb. Admitiu-se, entdo que o musculo SOL por ser um musculo de
contragdo lenta n&o possui fibras dos tipos IIB e IIDB, como foi comprovado pela analise
histoquimica, pode-se sugerir que a isoforma posicionada entre as isoformas Ila e I no SOL
e no DIA dos camundongos ¢ a isoforma do tipo IId. Por outro lado, sendo os musculos
EDL, TA e GAS predominantemente de contragdo rapida, com maior nimero de fibras dos
tipos 1IB e IID, comprovado pela mATPase, pode-se sugerir que esses musculos
apresentam as isoformas IId e Ilb, mas que nas condi¢Bes laboratoriais em que foram

analisados, migraram conjuntamente e ndo mostraram uma separacdc adeguada.
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Faz-se necessario, portanto uma analise mais apropriada desses musculos através do
emprego de técnicas para estudo de fibras isoladas {single fiber analysis), ou de anticorpos
monoclonais para um melhor entendimento dessas isoformas e seus mecanismos de

migragio pela eletroforese.
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Tabela 2. Nimero ¢ porcentagem de fibras do tipo L 1C, TIC, TIA, HAD, [ID, [IDB e IIB, no musculo SOL

{n=8),

Tabela 3. Nmero e porcentagem de fibras do tipo 1 IC, 1IC, ITA. ITAD, 1ID, IIDB e IIB. no misculo EDL

7. Anexos:

Tabela 1. Peso dos animais ¢ dos miscudos (g): SOL. EDL, TA ¢ GAS (n=8).

Animal Peso SOL.  EDL TA GAS
Cl 28.7 0013 0.017 0031 0186
€2 260 0.010 0014 0033 0168
3 23,0 G017 0018 0055 0177
C4 25.7 0017 0020 0063 0.179
C3 25.0 0,009 0,013 0048 0.161
Cé 24 4 0.011 $.017 0,047 0,133
C7 26.4 0,010 0012 0042 0151
8 28.9 0010 0013 09054 0180

Meédia 26,262 0012 0,015 0.0316 0,169
DP 1688  0.003 00028 0.0062 0.013

S0L i cme HA IIAD jHy) IDE 1B Total
N°- %% N°- % N®-% N-% Ne-% N°-% N-% N°

100%
1 148-31.223 - 19230506 107-22.573  27-5.696 - - 474
C2 146-44.648 - 156-41.390 36-11.009 92752 - - 327
3 140-36.649 - 16543193 72-18848 5-1.308 - - 382
C4 175-36.307 - 188-39.004 85-17.634 34-7.033 - - 482
Cs 100-38.910 - 76-29.571  64-24902 17-6.614 - - 257
C6 198-47.826 - 143-34.541 64-15458 92,173 - - 414
C7  160-37.383 - 146-34.112 90-21.028 32-7476 - - 428
C8  191-37.450 - 193-38235 95-18627 28-3.686 - - 510
Total 1238-38.423 - 1241-  613-18.723 162-4948 - - 3274

37.904

(n=8).
EDL i IC/HC IA HAD HD iIDB 1B Total
N°-% N°-% N°- % N~ % N°- % N°-% N°- % NO-
10054
1 7-1.02 - 3-0.733  25-3,663 13-2,199 180-26392 4530-65982 682
2 10226 194298 6-1.337  43-9728 7-1.583 7817647 288-63.158 442
3 - 19-4 622 - 194622 11-2.676 104-25304 258-62.773 411
C4 4-0633 11-1.797 3508l 44-7.189 - 105-17,156 443-72.385 612
€5 40828 7-1.449  6-1.242 33-10973 - 77-13.942 336-69.363 483
Co - 7-1.275  1-0.182 64-11.657 35-0.910 168-30.601 304-33373 349
7 - 21-4.635 - 12-2.649 . 117-25827 303-66887 433
C8  8-2.539 22-69849 - 23.7.936 - 52-16.507 208-66,031 315
Total 24-0608 106-2.685 23-0.382 283-7.220 38-0.962 B881-22320 2390-65.619 3947
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Tabela 4. Numero e porcentagem de fibras do tipo L IC, IIC, TA IAD. IID. IIDB e IIB. no mwsculo TA
{r=8).

TA i HCAIC 1A Al EEDS I1IDB B Total
No-% N°-% N®- 9% N°. % N®- % N % N°- % N

100%

Cl - - 80,542 34-2.306 41-2.781  491-33310 900-61.038 1474
C2 - 2-0.163 8-0.6335 32-2.620 21-1.719  336-29.156  802-63683 1221
{3 1-0.052 - 27-1.407 31-2.659 32-1.668 77940613  1028-33597 1918
c4 17-1.072 - 18-1.135 63-3.974 69-4353  667-42.082  751-47381 1385
Cs 12-0.776 - 17-1,09¢9 79-5.109 49-3 168  390-38,163  799-31.681 1346
Ce 5-0,288 70,405 25-1.440 95.5.472 62-3.571 530-30,529  1012-382%4 1736
C7 592503 49-2078 1154879 267-11327 34-1.442 245-10.394  1588-67.373 2357
C8 - 3-3.216 9-0.63 22-1,59 15-1.084  475-34345 859-62.111 1383

Total 94-0711 61-0401 227-1.717 643-4.863  323-2443 4133-31263  7739-38354 13220

Tabela 3. Numero € porcentagem de fibras do tipo 1 IC. IIC. TA. IIAD. IID. IIDR e IIB. no misculo GAS

{n=8).

GAS i ICAIC IiA IIAD 31D s B Total
N°-% Ne-8 N°- % N°-% N°. %% N°- %% N®-% N®-

100%

Ci 36-3.308 140091 60-33514  142-13.051 61-3606  221-20312  367-52.113 1088
2 90-6.13 - 28-1.907 155-10.558 24-1.634 247-16,825 92462942 1468
3 96-6.736 - 76-3,333 196-13,754 36-3.929 269-18 877  732-51.368 1423
C4 88-6.712 2-0,152 110-8.39  143-11.060 59-4.3 236-18.001  671-31.182 1311
C3 82-8.401 - 69-7 069 147-15,061 28-2 868 194-19.877  456-46.721 976
Cé 574693 2-0.164  T8-64235  126-10378  20-1.647  246-20263  685-36.423 1214
C7 55-4.637 - 56-4.721 170-14,333 18-1,317 238-20.067 649-34721 1186
8 80-3.336 - 89-3.937 176-11,741 17-1.134 221-14 743 916-61.107 1499

Total 384-3744 35-0049 366-3367 1237-12363 283-2.783 1872-i8412 3600-3508 10167

Tabela 6. Areas de seccdo transversal (um?) das fibras do tipo I, IC. IIC, IA TIAD_ I1D. IIDB e IIB misculo

SOL (n=8).

SOL 1 ICAIC 1A IAD D s 1B
C1 2069482 - 16224397 13894371 13734206 -
C2 10154415 - 18654422 16314399 19224302 -
3 18361357 - 18461446 16263433 30800 -
C4d 23861445 - 22205473 22174335 22714468 -
C3 2246519 - 1747510 1863424 16661434 -
Ce 19414476 - 12854313 13844371 - -
7 1742+486 - 145445332 13913682 13841519 -
C8 21391627 - 16754532 1563+617 19002238 -

Media 19244424 - 17145282 1635287 19704566 - -
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Tabela 7. Area de secgdo transversal (um?) das fibras do tipo I IC, IC, IA 11AD, IID, {IDB ¢ IIB. do
misculo EDL (5=8).

EDL i ICAIC JIEN HAD HD 1oB B
1 453710 - 529+100 480160 92040  628z173  1572+307
{2 - 003+£174 524367 8462386 8781177 9462363 22774300
3 - 406434 - 16452161 4392102 68241194 17244343
C3 - 704+188 - 3564208 - 681237 1613883
C3 51182 498437 413483 6051202 - 663178 16694432
Co - 5484148 46340 6613311 457169 546143 13662384
C7 - 636160 - 37985 - 578+205 14494309
C8 4531£109 3232143 - 6984216 - 485::117 1544447
Media 4733329 562+100 482455 7334394 6732261 651+138 16524277

Tabela 8. Area de seccdo transversal {um?®) das fibras do tipo I IC, 1IC, [JA. TIAD. IID. IIDB ¢ IIB. do
musculo TA (n=8).

TA 1 IC/AIC IIA HAD 1D 0B 1B
C1 - - 281341286 28632802 16041783 1262x388 29711837
c2 10881420 1120+193 14342412 11304321 18064100 19514672 291631152
C3 166540 - 977£139 16732131 1051297 13664431 280943591
C4 946144 - 812488 12694736 9794343 11734457 23042668
C3 - - 74278 720+£133 - 11052437 23214614
6 4742200 87210 2004-+0 11304800 9244186 105374262 21462613
c7 17032383 9492113 9I15x251 12363365 27274993 20194614 24494880
C8 - 1210452 32674954  686z181 - 12234483 23602704
Media [0562439  1037£154 16202974 13384691 13133694 13932376 25344315

Tabela 9. Area de secciio transversal (um?®) das fibras do tipo L IC, 1IC. 1A, HAD. IID, IIDB e IB. do
musculo GAS (n=8).

GAS 1 ICAIC A HAD D HDB 1iB
C1 13294284 - 11824339 1121£285 1813850 12494547 21274602
c2 12044333 - 11822305 9402302 14644444 12044648 19491582
C3 1866360 - 115384434 1486444 2483x181 17052749 2449:737
C4 12994330 10272168 12154402 10291334 16264584 14294503 2196x777
c3 18114558 - 15035336 14655616 16941470 19494881 2262+773
Co 16634311 2250429 13212335 1031£340 18453209 12774334 22334431
€7 13194331 - 1351£380 1089447 21262360 15034629 2177£753
C8 20424593 - 10972714 12934721 23864674 13432717 2198763
Media 15912302 16382864 1251+131 11842205 19291366 1482:233 22014140
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Tabela 10. Porcentagem relativa das cadeias pesadas de miosina (MHC) no mascule SOL (n=8).
SGL MHC i MHCIla MHCId  WMHCIDb

% % % %
Cl 27.63 7237 - -
C2 41,30 5850 - -
C3 4338 36.62 . -
C4 25.89 7411 - .
Cs 41,39 58.23 0,38 -
C6 50.31 47.48 221 .
C7 41.49 52.88 5.63 -
Cs 42.82 56.88 0.30 .

Média 39.30-8.28 359.63-9.14 106-199

Tabela 11. Porcentagerm relativa das cadeias pesadas de miosing (MHC) no mmisculo EDL (n=8).
EDL MHC1I MHCHla MHCIId MHCITb

% %o Ye Yo

Ci1 - 2.03 - 97.95
C2 - 3.62 - 96,38
3 1,33 9.58 - 89.069
C4 - 3.46 - 91,54
Cs - 125 - 87.3

€6 - 13,99 - 86.01
<7 - 13.24 - 84.76
C8 - {2.86 - 87.14

Média  0.166-0.47 978483 - 90.044-4 85

Tabeia 12, Porcentagesmn relativa das cadeias pesadas de miosina (MHC) no miisculo TA (n=8).
TA MHCI MHCIla MHCIId MHCIIb

% % % %
C1 - 2562 - 74.38
2 - 34.57 - 65,43
C3 . 22,36 - 77.64
C4 . 26,0 - 74.0
Cs . 30.68 - 69.32
C6 - 25.41 - 74,59
C7 . 7,52 - 92,48
8 - 4.26 - 95.74
Média - 22052-10.68 - 77.947-10.68

Tabela 13. Porcentagem relativa das cadelas pesadas de miosina (MHC) no mitsculo GAS (n=8).

GAS  MHCI MHCIz  MHCId  MHCIb
% % % %
C1 N 17.48 N 82.52
C2 0.64 14.19 - 85.17
C3 1.52 25.41 - 73.07
C4 - 8,79 . 91,21
Cs 119 31.66 - 64.15
Cé 5.3 34.07 - 60,63
C7 - 15.68 - 84.32
C8 0,99 16,54 - 82.47

Meédia  1.58-2.048 20.477-8,926 - 77.942-10.85
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8. Lista de Abreviacdes

o GP: enzima uftlizada para distinguir fibras musculares baseado em seu potencial

glicolitico
el microlitro (unidade de medida de volume
pm: micrémetro (unidade de medida de espessura do corte)

pmzz micrometro quadrado (unidade de medida da espessura do corte)

ATP: Adenosina Trifosfato

C1 2 C8: identificacdo dos animais utilizados neste trabatho

CS7BL6J: linhagem de camundongos utilizados neste trabalho

Continuum: sequéncia

DIA: mosculo Diafragma

EDL.: masculo Extensor Longo dos Dedos

FG - fast glycolytic: fibras musculares glicoliticas de contracdo rapida

FOG - fast oxidative glvcolytic: fibras glicoliticas oxidativas de contrago rapida
Gap: comunicacdo

GAS: musculo gastrocnémio

I: fibra muscular tipo 1. com maior concentragdo de MHCI do que de MHCTIa
IC: fibra muscular tipo IC

H1A: fibra muscular tipo HA

TAD: fibra muscular tipo TAD, com maior concentragio de MHCIa do que de MHCIId

1IB: fibra muscuiar tipo 1B
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LiBD: fibra muscular tipo 1IBD, com maior concentragio de MHCIIb de que de MHCIId
IIC: fibra muscular tipo 1IC, com maior concentracdo de MHCIa do que de MHCI

HD: fibra muscular tipo 11D

DA fibra muscular tipo IIDA, com maior concentracio de MHCIId do que de MHCIla
TIDB: fibra muscular tipo IDB, com maior concentracio de MHCIIA do que de MHCITb
1Ix: outra denominagdo para fibra muscular tipo 11D

mATPase: Myofibrillar Adenosine Triphosphatase — enzima presente no musculo, onde
sua velocidade de reacio permite clasificar misculos como de contragio lenta ou rapida.
MHC: Myosin Heavy Chain — cadeia pesada de miosina

MHC fast: MHC rapida

MHC slow: MHC lenta

MHCE MHC tipo 1

MHCIIa: MHC tipo Hla

MHCIIb: MHC tipo 1Ib

MHCIId: MHC tpo TId

MHCTIIx: MHC tipo [Ix

mM: milimol (umdade de medida de concentrago)

NAD: Nicotinamina Adenina Dinucleotideo

NADH: Nicotinamina Adenina Dinucleotideo Reduzido

pH: potecial de hidrigenizagio

SDH: Succinato dehidrogenase

SDS: Sodium Dodecyvlsulfato

SOL:musculo Soleo

SO - slow oxidative: fibras musculares oxidativas de contracdo lenta
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TA: masculo Tibial Anterior

Tris/HCI: tris] hidroximetil] aminometano



