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BASIC SCIENCES

Muscle Fiber Type Compostion and M orphometric Propertiesof Denervated Rat

Extensor Digitorum LongusMuscle
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Aim. Anal y sisof fi ber typecom posi tionandfi ber sizeof extensor digitorum longus (EDL) muscleinratsdur ing 30 daysof
denervation.

M ethods. Fi ber typesweredefinedimmunohistochemically using monoclonal anti bodiesspecificfor dow (typel) andfast fi-
bers(typellA, 11X, andlIB). Anti bodieswereap plied ontransversesectionsofdenervated extensor digitorumlongusmuscles
, 12, and 30 days af ter denervation. Crosssectional areaof musclefi berswasan alyzedmorphometrically by computerized
imageanaysis.

Results. ControlEDL musclewascom posed of 41% of typel 1B, 32% of [1 A, 23% of 11X, and 4% of typel musclefi bers. The
most profound ef fect of denervation wasob served 30 daysaf ter thetransection of the sci atic nerve. Denervationdecreasedthe
per cent ageof bothtypel B and type 11X musclefi bersto 36% and 13% of thecontrol muscle, respectively (p<0.001 for both),
andin creased the per cent age of types| | A and typel musclefi bersto 42% and 9% of the control, re spectively (p<0.001 for
both). Morphometric anal y sisreveded progressiveat ro phy of all fast musclefi bers, which started 6 daysafter denervation
(p<0.001). Thirty daysaf ter thesci atic nervetransection, astrongreductioninfi ber sizeof typel I A, I 1 X, andlIB musclefi bers
wasaob served (p<0.001 for eachtype). Typel musclefi bersini tially showed thereductioninfi ber size(p<0.001) but regained
thesizeof control fi bersuntil day 30.

Conclusion. Denervation decreased theper cent ageof type [1X and 11B musclefi bers,withconcomi tantincreaseintypellA

andtypel musclefi bers. Thereductioninfi ber sizewasob servedintype 1A, 11X, and I1B musclefi bers.
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In adult mammals, four different types of skeletal
muscle fibers can be identified by use of specific
monoclonal anti bodiesto my o sin heavy chainisoforms
(1): slow-contracting fi bers, called typel, containingthe
slow my o sin heavy chain (b/slow-myosin heavy chain),
and 3 different types of fast-contracting fibers, called
1A, 11X, and 1IB, which express IIA-, IIX-, and
I1B-myosinheavy chains, respectively.

Skel etal musclefi bersaredy namicstructurescapa
ble of al teringtheir pat tern of my osingeneex pression.
Fiber type composition of adult muscles can rapidly
changein re sponsetodenervation(2), electri cal stimula
tion (3), hor mones(4), over loading (5), andunloading
(6). Among thesefac tors,innervation seemstobecrucial
for maintenanceand plasticity of fi ber type-specific pro-
files(7-9).

Therole of innervation has been investigatedalso
by denervation ex peri ments(10-15). By usingmusclere
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gener ationmodel inadult rats, it has been shown that ac-
qui si tion of aslow my o sin heavy chain mRNA profile
de pends on the pres ence of aslow nerve, whereasthe ap-
pearance of an adult fast myosin heavy chain mRNA
does not de pend oninnervation (2).

The absence of nerve impulses in fast extensor
digitorumlongus muscledur ingdenervation leadsto the
progressive arophy of skeletal muscle fibers (11,12).
Most previous stud ies used the myofibrillar adenosine
triphosphatase (mATPase) histochemistry to classify
muscle fi ber types|, 1A, and 1IB (16). However, type
I1X musclefi berscouldnot besuccessfully delineated by
that method, so the know! edge about the changesin fi ber
type 11X has not been suf fi cient. The aim of this study
wasto ex plorethechangesinfi ber distri butionandfi ber
sizeof all musclefi ber types. Inor dertoinvesti gatethe
ex pression pat ternof all my osinheavy chainisoformsin
denervated extensor digitorum longus mus cle, we used
immuno histochemistry method. The changesin muscle
weight and fiber size were evaluated during 30-day
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denervation. The cross-sectional area of muscle fibers
wasassessedby computerizedimageanal y sis.

Materialsand Methods

Animals

Twenty-seven male Widtar rats, 2.5-3 months old (body weight
300£20 g), were used. Over the period of the study, al ani malswere
providedwithstandardlaboratory food andwater adli bitum.

Surgical Procedures

Prior totheex per i ments, theani malswereanesthetizedwithan
intraperitoneal injection of ketaminhidroxichloride (Ketamine,
Parke-Davis, Mi lan, It ay), in adose of 25 mg/kg. Denervation of the
extensor digitorum longus mus cle was per formed by uni lat eral right
ci atic nervetransectionprox i mally toitsbranching. Removing a0.5
cm seg ment of the nerve and plac ing the ends into nearby mus cles
preventedreinnervation. The over ly ing mus cles and skin were then
sutured. Theani malsweresacri ficed by cer vi cal hyperextension in
groups of six rats, 6, 12, and 30 days af ter denervation Non-operated
ani masin groups of 3 served asacon trol. Ex per i men tal muscles
werecarefully freed from thesur rounding tissue, removed, weighted,
frozeninliquid ni tro gen, and stored at -80°Cuntil furtheranal y sis.

Immunohistochemistry

Monoclona anti bod ies specific for fi ber type | (BF-F8), 11A
(SC-71), 1B (BF-F3) and type 11X (BF-35) (17,18) were used in
staining aseria of 10 nm trans verse cryosections for slow and fast
my osinheavy chain isoforms Prof. Stefano Schiaffino, Depart ment
of Biomedi cal Sci ences, Padua, It aly do nated theanti bod ies. Slides
were incubated with monoclonal antibodies (1:1000) in phos-
phate-buffered saline (PBS) at room tem per aturefor 30 min utes. Af-
ter three wash stepsin PBS, slideswerein cu bated at room tem per &
ture for 30 min with peroxidase-labeledrab bit anti-mouse 1gG (Dako
A/S, Copenhagen, Denmark) in PBS (1:40). After being washed
twice in PBS, the dides were incubated in 50 mL of
diaminobenzidine (DAB) solution (0.5 mol/L Tris HCI, pH 7.6, 15
mg of DAB, 100 m_ of H,0,, 25 mg of imidazole) at room tem per a
ture for 20 min. Finally, the slideswere dried and mounted in Can ada
bal sam.

Fi ber Typing and Morphometry

Thefi ber type fre quen cies and cross-sectional ar easwere
analyzed by the computer program for quantitative analysis
“SFORM” (VAMS, Zagreb, Croatia). One hun dred fi bersof each
typeweremeasured by mov ing apen along thecir cumfer ence of
thefi bers. Meanfi ber sizewith standard devi ation (SD) wascal-
culated. Control groups were used for comparison with
denervated muscles. Statisti cal eval uationswere per formed by
Student t-test at p<0.001 level of signif i cance.

Results

MuscleMass

As a consequence of denervation, extensor
digitorum longus muscle underwent atrophy, as evi
denced by thede creased musclemass, 6, 12, and 30 days
af ter denervation (Fig. 1). Extensor digitorum longus
mus clelost 23% of its mus cle mass at con trol weight as
early as6 daysaf terdenervation. Musclemasscontin ued
to de crease and one month af ter the denervation, it was
re duced to only 44% of the con trol muscle mass.

Fi ber Typesfol lowing Denervation

Control extensor digitorum longus muscle was
composed of 41% of type IIB fi bers, 32% of type I1A,
23% of typell X, and only 4% of fi berstypel (Fig. 2). All
fast fi ber types were af fected on 6th day of denervation
(p<0.001 only for lIA and |1B fi ber types). Af ter 30 days
of denervation, thenum ber of typellB andlIX fi bersde-
creased. The per cent age of type 11B fi berswasre duced
from 41% to 36% (p<0.001). Theper cent ageofl1X type
of fi berswas re duced even more, and af ter 30 days, de-
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creased sig nif i cantly from 23% to 13% (p<0.001). The
per cent age of fi berstype Il A and type | in creased from
32%t042% and from 4%to 9%, respectively (p<0.001).

Fi ber Szefol lowing Denervation

Morphometrical analysis performed on cross sec-
tional area of particular muscle fiber type in control
extensor digitorum longus mus cle showed that fi bers of
type 1B were the largest, with the mean fiber size of
4,913.441,123.0 mm>2. Type 11X and IIA muscle fibers
had a mean fiber size of 2,391.0+461.0 mm? and
1,841.6+£447.0 mm?, respectively. Finally, type | fibers
hadthesmall estfi ber sizeof 1,586.1+427.0 mm2 (Fig. 3).

Six days af ter denervation, the cross sec tional area
of type IIB and I1X fibers was significantly reduced
(p<0.001). One month later, the reduction of the fibre
size of type I1X and 1B reached 75% and 72% of the
control, respectively (Fig. 3). Themeanfi ber sizeof type
1B fi berswas 1,373.8 £413.0 nm? (p<0.001), whereas
that of the type IIX fibers was 606.1+224.0 mm?
(p<0.001). Six days af ter denervation, the atrophy of
type IIA fibers was aso datisticaly significant
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Figurel. Reductioninrat extensor digitorum longusmuscle
mass 6, 12, and 30 days after denervation. The mass of
denervated mus cleswas com pared with acontrol musclesand
ex pressed asaper cent age of acontrol muscle. Each point rep-

re sentsthe mean value of 6 muscles+ SD.
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Figure2. Changesin the fi ber type con tent of adult extensor
digitorum longus mus cle 6, 12, and 30 days af ter denervation.
Musclefi ber typesare: square—typel, rhomb—typel | A, tri an-
gle—typell X, andcir cle—typellB. Eachpoint representsmean
vaue * SD. All ex peri mental groupswere com pared withthe
control groupandtheasteriskindi catesstatisti cal signifi cance
at p<0.001level incom pari sonwithcontrol.
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Figure3. Changesin the cross-sectional area of adult extensor
digitorum longus muscle 6, 12 and 30 days of denervation.
Mus cle fi ber types are: square-type I, rhomb-type I1A, tri an+
gle-type 11X, and cir cle-type 11B. Each point rep re sentsmean
valuex SD. All ex per i men tal groupswere com pared with the
control groupandtheasterisk signindi catesstatisti cal signifi-
cance at p<0.001level incompar i sonwithcontrol.

(p<0.001). Af ter 30 days, the sizere duc tion of typellA
fibers progressed, reaching the mean fiber size of
1,321.4+383.0 nm2 (p<0.001). Type| fi bers showed are-
ductioninfi ber sizeinthefirst 12 days (p<0.001) but later
onincreased in size, reach ing the con trol mean fi ber size
of 1,692.8+578.0 mm? (p<0.001).

Discussion

We demonstrated progressive atrophy, which was
themost pro foundintypellB and 11X musclefi bers, and
changes in fiber type composition in rat extensor
digitorum longus mus cle one month af ter denervation.
Our resultssug gest that all fast fi bersare not equally de-
pendent on neural influences. Previous studies per-
formed on extensor digitorum longus muscle have
shown el ther reductioninfi ber sizeof musclefi berstype
1B only (11) or muscleat ro phy of type 1A and IIB fi-
bers, withtypel fi bersshowingnosignifi cantal ter ation
in cross- sectional area(12).

On the basis of specific enzymes in anaerobic or
aer obic-oxidativemetabolism, musclefi berscanbeclas
si fied asei ther ox i dative (typel) or glycolytic (type I)
(16). We have shown that type | fibers increased only
dlightly in fi ber size and seemed to be the most re sistant
fi ber typeto thelossof innervation. Thisisaninteresting
finding because, amongtypell fi bers, theleast suscep ti-
ble for denervation aretype || Amusclefi bers. Theseare
con sid ered fast type of fi bers, which re sem ble the most
totheoxi dativetypeof fi bers.Ingeneral, our resultssug
gest that denervation causes changes in the fi ber size of
all typesof musclefi bers, but predomi nantly of typell fi-
bers, which seemto bemorede pend ent onneural influ-
encesthantypel fi bers. Met abolic path way of musclefi-
bers could be an important factor in response to
denervation, since the oxidative type of fibers are the
most re sistant to alack of innervation.

Muscledenervationelimi natesbothtrophic and ac-
tivity-related in flu encesand thustrig gersmany changes
inmy o sin heavy chainisoformex pression (2). Our data
indi catethat fast-twitch extensor digitorumlongus mus-
clerespondsto al tered neuromuscular activ ity very rap-
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idly by changeinthe muscle phenotype(Fig. 2). Theal-
ter ationsthat ul ti mately lead to the changesin the level
of individual myosin heavy chain isoform expression
sug gest that the pro cess of denervation can rap idly shift
the myosin heavy chain profile towards expressing
slower isoforms, whilede creasing the ex pression of the
faster isoforms(I1B and 11X).

Muscledenervationinhibitedtheex pressionof 1B
my osinheavy chainisoformsignificantly. Thereduction
of the 11 B fi ber phenotypeisnot easy to ex plain, consid-
er ing the fact that 1B mRNA continuestoaccumulate
even without the continual innervation in newborn rat
hindlimbmuscles (19). On the other hand, thereduction
of 11B my o sin heavy chainisoform due to denervation
wasob served at themRNA level in an other fast muscle,
theanterior tibial muscle (14). Our study also showed a
drasticdown-regulationintheex pressionof IBmyosin
heavy chain in myotonic muscles (20-22), in chronic
low-frequency stimulation of rat fast muscle(23), inex-
ercisetraining (24), andinmechani cal overloading(25).
In our study, the ex pres sion of [IX my osinheavy chain
wassignifi cantly di minished, whichisindisagreement
with the demonstration of increased proportion of 11X
myosin heavy chain in 14-day denervated extensor
digitorum longus muscle (15), but consistent with a
study that revealedthereductionof [1X myosin heavy
chainmRNA inanteriortibial muscle(14).Interestingly,
in both slow (.e., soleus muscle) and fast (extensor
digitorum longus) muscles, the lack of innervation in-
creased the ex pression of 1A my o sin heavy chain, sug-
gesting that 1A my o sin heavy chain ex pressioninthe
absence of the nerve represents a default program(2).
Thepro por tion of typel musclefi bersin creased sig nif i-
cantly, too. This sug geststhat the “fast” mo tor nerve sup-
pressesthe ex pression of thetypel my osin heavy chain.

Ourfindingsmay haveimportantclini cal rel evance.
Demonstration of changes in the early phases of
denervation indicates that electrical stimulation of
denervated muscleshby cor rect pat tern of frequency (26)
couldprevent progressiveat rophy and changesinmuscle
pheno type caused by alack of neural control.
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