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ABSTRACT

The aim of this study was to evaluate the glycagement (GC) of the rat hind limb muscles submittegbint
immobilization, either associated with metformiaatiment (M, 1,4mg.ml-1) or not. In the metformiouy, there
was a significant increase in the GC (soleus - S 65white gastrocnemius - WG 30.5%, red gastrocasmi
RG31.7%, extensor digitorum longus - EDL 44%, tibianterior- TA 77.4%). The immobilization sigoéntly
reduced the GC (S 31.6%, WG 56.6%, RG 39.1%, ELIDY41TA 45.2%) and weight (S 34.2% and ELD 27%),
whereas in the group immobilized with the metforntimere was an increase in the GC of all the nas¢6 177%,
WG 290%, RG 172%,ELD 47%, TA 217%), in additiomrmimimizing the weight loss of S (29.6%) and ELD
(27.8%).

Key words: Muscle disuse, metformin, skeletal muscle, relitation

INTRODUCTION The muscle disuse produced by the conditions of
prolonged inactivity, limb immobilization or
The muscle plasticity is the inherent capacity ofmicrogravity, induces a condition of insulin
the skeletal muscle to adapt to different stimuliresistance in the skeletal muscle, thus increasing
Multiple situations can promote these changedis catabolic state (Ploug et al., 1995). Alterations
surch as muscle disuse models, hormonah the insulin signaling pathways are found in the
alterations, nutrition, neuromuscular electricalperiods of the muscle disuse and immobilization,
stimulation, among others deserve emphasigenerating changes in glucose uptake, but the
(Salvini, 2000). In this regard, it is known that theexact mechanism by which this occurs has not yet
muscular hypotrophy induced by the musclédeen clarified (Hirose et al., 2000).
disuse occurs in association with the orthopedif has been reported that the reduction in the
diseases, such as immobilization in the treatmemeuromuscular junction activity caused by the
of fractures, chronic osteoarthritis, and in thdforced inactivity or muscle disuse promotes a
treatment with glucocorticoids, or in the situationgeduction in the effectiveness of the insulin
of maintenance by the prolonged bed ressignaling pathways, in the GLUT4 population, as
(Reardon et al., 2001). well as in its genetic expression, compromising
energy homeostasis and speeding up the
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development of insulin resistance (Fushiki et al.drug potentiates insulin action, prevents the
1991; Henriksen et al.,, 1991). As regards thelevelopment of insulin resistance, and favors
phosphagenic  glycogen content, it wagylycogen synthesis in different tissues, including
demonstrated that during the immobilization, thesenuscular tissue (Matthei and Greten, 1991).
energy substrates decrease slightly or remaim view of the above observations, the aim of this
unaltered (Booth and Sneider, 1979). Cancellieravork was to evaluate the effect of metformin on
et al. (2004) studied the rat hindlimb rat hindlimb muscles with to joint immobilization
immobilization with the acrylic resin orthosis for awith the ankle in the neutral position for seven
period of seven days, keeping the ankle in @ays

neutral position and found that the glycogen

content was significantly diminished by the

muscle disuse. Moreover, a significant reduction

was noted in the muscular weight and the fiber

area, and an increase in the area occupied by t

connective tissue (Durigan et al., 2006). R}?ATERIAL AND METHODS
With the aim of minimizing the events set off by .
the muscle disuse, several techniques have beMﬁale Wistar rats (3 to 4 months old, 250-300g)

used, in an endeavor to improve the homeostat}@elre maintained in the controlled vivarium

conditions of the muscle fibers, with emphasis or?Ondltlons with fre_e access to the food _and water
and treated in accordance with the

the neuromuscular electrical stimulation (ES) : .

drugs such as, clembuterol and Suplolememgecommendatlons of the Guide on the care and use

vanadil sulphate, creatine, glutamine and CG f the I_aboratory animals (.1996) and approved by

(creatine, glutamine, taurine) (Cancelliero et al. he Anl_mal Ethics Comm'.“ee (protocol 03/06).

2004; ALBINO Albino Junior et al., 2004; Delfino The anlmals(4\(/)vere [:)slgce(; In tge grgup_tst c(;f ::’ rats
Ry . per cage X cm) and submitted to a

et al., 2006; Silva and Cancelliero, 2006)'photoperiodic cycle of 12h lightidark and

Guanidine metformin is used in the clinical o ,
therapy as an antibacterial, antiviral, an,[i_controlled temperature (23°C +2). The animals

inflammatory and hypotensive agent, histaminé’ver:]eobql'.v |s§d I?rtgatfe(:)gr gr%l:ps rrggt:fo?r)r;'ncon;rr?(!l,
receptor antagonist, inducer of the alteration in th Hzea, Wi '

neuronal excitability linked to Nachannels, and |mmob|¥zed rtreartedthwnh rmetforml?h forr ;sevve;lnr
inducer of the alteration in the release Ofdays. O prepare he orthoses, the rais were
neurotransmitters (Schafer, 1983). It has beeﬁngsthetlzed W'f[h sodll_Jm_pentobarbl'Fal (40 .mg/kg
reported that metformin can activate the insulinwe'ght) and their left hindlimbs were immobilized

action mechanism, increasing the activity of itsW'th the acrylic resin models. The immobilization

receptor, leading to translocation of the glucosg;]?rlzlctisriii dwalljs p:ﬁgo‘:ﬁ: Il?g ?g;’l"’r‘] e:nzllde(lzaggz’
transporters (GLUT4) to the plasmatic membran& aract y acryll . ,

of the skeletal muscles (Howlett and Bailey,mamt&lInS the ank_lg joint |mmop|I|zed in the
1999). The presence of insulin is, however,nemral position (Fig 1.
necessary for metformin to act. Therefore, this
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Figure 1 - Orthosis in the neutral ankle position, consistirigan acrylic resin model (1), lateral
rotators (2) and an abdominal belt (3).

The groups treated with metformin received theat normal levels. The immobilization promoted
substance diluted in water in the concentratiosignificant reduction (p<0.05) in the glycogen
from 1.4mg/mL* (Guirro et al., 2004). After the content (mg/100mg) on 31.6% in S, 56.6% in WG,
experimental period, the rats were anesthetize8B9% in RG, 41.7% in EDL and 45.2% in TA
with sodium pentobarbital (40 mg/kg weight) and(Table 2). Moreover, significant reduction
after forty minutes, 0.25 ml of the blood sampleqgp<0.05) was observed in relation to the muscular
were collected for the blood glucose level analyseseight (mg) represented by 34% in S and 27% in

by glucometer (ACCU CHECK). Other analyses ELD (Table 2) when compared with control group.
performed were: glycogen content of the soleudhe metformin treatment promoted significant
(S), extensor digitorum longus (EDL), whiteincrease (p<0.05) in the glycogen content
gastrocnemius (WG), red gastrocnemius (RG), ankgpresented by 65% in S, 30.5% in WG, 31.7% in
tibialis anterior (TA) muscles, besides theRG, 44% in EDL and 77.4% in TA, and did not
evaluation of the weight of S and EDL.Topromote significant increase (p>0.05) in the
determine the muscle glycogen, Siu et al. (1970yeight of S and EDL (Table 2 and 3) when
method was used. The values were expressed ¢g@mpared with the control group. In the
mg/100 mg of wet weight. The statistical analysigmmobilized group treated with metformin, there
was initially performed by the Kolmogorov- Was a significant increase (p<0.05) in the glycogen
Smirnov normality test and the homoscedasticitgontent in all the analyzed muscles, including the
test (Barlett criterion) followed by the parametricS (177%), WG (290%), RG (172%), ELD (47%)
methodology of ANOVA and Tukey tests. Theand TA (217%) as shown in Table 1. Moreover,

significance level was p< 0.05 for all the analysesthe drug minimized the reduction of the muscular
weight in the S muscle by 29.6% and in the EDL

by 27.8% (Table 3) when compared with the
RESULTS immobilized group.

The blood glucose level of the rats did not change
in any of the groups (p>0.05, Table 1), remaining

Table 1 - Blood glucose level (mg/dL) of the control (C), nmbilized (I), treated with metformin (M) and
immobilized treated with metformin (I+M) groups. & kialues represent meantsem, n=6, p>0.05.
Cc I M +M

Blood Glucose 89.5+1.2 92.41+5.1 86.8:4.2 84.3+2.2
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Table 2 - Muscle glycogen content (mg/100mg) of the sol&ks hite gastrocnemius (WG), red gastrocnemius
(RG), extensor digitorum longus (EDL) and tibiadisterior (TA) of the control (C), immobilized (lixeated with
metformin (M) and immobilized treated with metfom{i+M) groups. The values represent meantsem p38605
*compared with control antompared with immobilized.

Muscles C I M I+M

S 0.38+0.03 0.26+0.02* 0.63+ 0.07* 0.72+0.21
WG 0.46+0.02 0.20+0.02* 0.6+ 0.06* 0.78+0.12
RG 0.41+0.01 0.25+0.03* 0.54£0.04* 0.68+0.15
EDL 0.36+0.03 0.21+0.02* 0.63:0.07* 0.31+0.03
TA 0.31+0.03 0.17+0.02* 0.55+0.09* 0.54+0.07

Table 3. Muscle weight (mg) of the soleus (s) and extenggitorum longus (EDL) of the control (C), immaizid
(), treated with metformin (M) and immobilized &ted with metformin (I+M) groups. The values représ
meanzsem, n=6, p<0.05. *compared with control ‘mednpared with immobilized.

Muscles C I M I+M

S 123.5£2.1 81.3+1.89* 134.5:3.89 105.4+7.53

EDL 120.6+8.5 88.1+7.8* 128.55.1 112.5+7.8
DISCUSSION results of the decreased glycogen in the present

study, as it was one of the mechanisms activated
The events set off by the functional limitationby the PI3-K subunit. Thus, the need to preserve
could be morphological, biochemical andthe effectiveness of the PI3-K pathway is
physiological and have been the focus of mangmphasized, because of its importance in the
studies (Vanderborne et al., 1998, Mussacchia @lucose metabolism of the skeletal muscle, as it is
al., 1988, Zarzhevsky et al., 1999). In the muscl&nown that it promotes the translocation of GLUT
atrophy induced by the disuse, the fast muscléglucose transporter), and lipid, protein and
fibers change to slow and the capacity to generagycogen synthesis (Wicox, 2005).
force and energy substrate decreases. Thebe this study it was observed that the muscular
adaptations were observed under variouglycogen content of the white fibers (type Il) was
conditions, such as immobilization, hind limbmore affected, corroborating the findings of
suspension and microgravity (Aoki, 2004). Herbisson et al. (1978), Jaffe et al. (1979) and
The development of insulin resistance in théMcDougall et al. (1980). It could be, furthermore,
skeletal muscle is of extreme importance in themphasized that in addition to the metabolic
muscular disuse period. In this context, Hirose edlterations, there was also weight reduction, which
al. (2000) studied the insulin signaling pathway ircould suggest a reduction in the number and/or
the rats that had the left limb immobilized by thesize of muscle fibers, characteristic of a negative
knee and ankle fixation at 90° for seven days. Arotein turnover (Mitch and Goldberg, 1996,
reduction was observed in the transduction of thédanowicz and Teihberg, 2003).
intracellular  signal stimulated by insulin, It is known that the metabolic homeostasis of the
suggesting deficit in the IR (insulin receptor)organism can be affected by different conditions,
activation and in the molecules activated by thissuch as stress, physical activity, or drugs that
including the phosphorylation of the IRS-1cause modifications in the storage and
(insulin  receptor substrate-1) and PI3-Kmobilization of the energy reserves. As regards the
(phosphatidyl inositol 3 kinase) activation, drugs, it is known that the oral anti-hyperglycemic
indicating that insulin resistance can also be set offgent, metformin, potentiates the action of the
in the immobilization. This could explain the insulin, prevents the development of insulin
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resistance and favors the glycogen synthesis ite insulin resistant soleus muscle in the animal
different tissues (Matthei et al., 2000; Bailey,models, such as mice KK or rats Sprague-Dawley
2005). Furthermore, other authors showed afReddi and Jyothirmayi, 1992; Borst and Snellen,
increase in the activity in tissue sensitivity t02001).

insulin and that this increase was related to somdilder et al. (2005), studied the action of the
mechanisms, for example, increase in the tyrosinmetformin (2mM) associated with insulin, during
kinase insulin receptor activity (Pryor et al.,2000). 24 h and observed that glucose uptake increased
In this study, in the groups treated with thethree-fold in the soleus muscle. This also occurred
metformin, significant increase was observed iwhen only the metformin was managed, thus
the glycogen content of all the analyzed musclegeading to the conclusion that the increase in
This increase in glycogen synthesis and reduceglucose uptake in the evaluated muscle was
glycogen mobilization could be explained by theindependent of the insulin action, suggesting its
potential of the glucose uptake, due to the effect aiction was at the after-receiver level. As
metformin at the level subsequent to insulirmetformin has an action related to the insulin
receptor linking, and also to its capacity tometabolism, as well as an anabolic effect on the
promote the translocation of the glucoseskeletal muscle, a possibly resultant anti-catabolic
transporters GLUT4 to the plasmatic membrane aéffect suggested with the metformin treatment in
the skeletal muscles (Howlett and Bailey, 1999the immobilized muscles, since in the present
Doustou and Gerich, 2001). Guirro et al. (2004)ktudy, the reduction of muscular weight inherent to
also observed improvement in the metabolidisuse was minimized.

profile of the muscles submitted to denervationThis study showed an important finding with the
after metformin treatment (1.4mgMl for 30 metformin treatment in immobilized muscle.
days, being represented by an increase in thdowever, further studies are necessary to assess
glycogen content of 34.61% in the soleus, 91.30%he mechanisms of the metformin related to
in the red gastrocnemius and 166.66% in the whiteuscular disuse, because the increase in the
gastrocnemius. glycogen stores is important in the rehabilitation
As yet, there is no report in the literature ofprocess to maintain the skeletal muscle in better
efficient treatment to prevent or to hinder thecondition during the late stage of immobilization.
deleterious effects inherent to the muscle disusét, can be concluded that the metformin treatment
however, with some of the signaling pathwaygpromoted a significant improvement in muscular
related to the muscular hypotrophy beingglycogen stores in the skeletal muscle, and was
identified, and with the advances of theeffective in reestablishing the energy systems and
pharmaceutical industry, some treatments arminimizing the loss of the muscle weight under
being used with the intention of minimizing thethe joint immobilization condition. The metformin
effects resulting from the muscle disuse (Glasds applied for many therapeutic uses; however, the
2003). scarcity of studies on the use of this drug must be
In the groups treated with the metformin duringconsidered with the objective of minimizing the
the immobilization period, the energy profile of deleterious effects inherent to the muscle disuse.
the skeletal musculature was found to be enhancédirther studies with diversified analyses that
in all the analyzed muscles. It is important tocontemplate those of the present study are
emphasize that metformin did not presentequired

predilection for the action according to fiber type,

therefore the increase in the glycogen content took

place uniformly among the muscles. The increasg ckNOWLEDGEMENTS
in weight and glycogen content could be explained

by the cross-talk capacity of biguanide with therna  guthors  thank EAPESP (PROCESS:

insulin pathways in insulin resistant tissues, wher65/60094_2) and CNPq for financial support
it promoted an increase in the tyrosine '

phosphorylyzation of the IR and IRS-1, and in
PI3-K pathway activity, associated with IRS-1
(Matthei et al.,, 2000). Other authors observed
these effects of metformin on the glycogenic
metabolism and [3H]-2-deoxiglicose transport in

Braz. arch. biol. technol. v.51 n.2: pp.295-301yNAgr. 2008



300 Bosi, P. L. et al.

RESUMO Durigan, J.L.Q.; Cancelliero, K.M.; Dias, C.K.N.;
Silva, C.A.; Guirro, R.R.J. and Polacow M.L. (2006)

O objetivo deste estudo foi avaliar o contetido de Efeitos da estimulacao elétrica neuromuscular sobre
glicogénio (GLI) da musculatura da pata posterior MEMPro posterior imobilizado de ratos durante 15
. o - ~ . dias: analises metabdlicas e morfométri&ev Bras
de ratos submetidos a imobilizagdo articular, .
. ~ - ' Fisioter., 10, 296-301.
associado ou nao ao tratamento com metforml%shiki, T.. Kano, T.. Inoue, Kand Sugimoto, E.

(MET, 1,4 mg.ml -1) no periodo de sete dias. NO (1991), Decrease in muscle glucose transporter
grupo metformina, houve elevagdo significativa number in chronic physical inactivity in ratdm J
nas RG (65% no séleo - S, 30.5% no gastrocnémioPhysiol, 260, 403-10

branco - GB, 31.7% no gastrocnémio vermelho Glass, D.J. (2003), Signalling pathways that mediat
GV, 44% no extensor longo dos dedos - EDL e de skeletal muscle hypertrophy and atropRgture Cell
77.4% no tibial anterior - TA). A imobilizacdo _Biology, 5, 87-90 _ _
reduziu significativamente as RG (S 31,6%, GECUIM, R-R.J.; Silva, C.A;; Forti, F. and Cancsi,
56,6%, GV 39,1%, ELD 41,7%, TA45,29) e peso go (Z0, Jo8 o0 O ina elou etimulagko
(S 34,2% e ELD 27%), ja no grupo imobilizado ¢

) elétrica de baixa frequénci®ev. bras. fisioter 8,
com metformina houve o aumento das RG de 51 57

todos os musculos (S 177%, GB 290%, GMjenriksen, E.J.; Rodnick, K.J.; Mondon, C.E.; James

172%,EDL 47%, TA 217%), além de minimizar a D.E.and Holloszy, J.O. (1991), Effect of denervation

perda de peso do S (29,6%) e ELD (27,8%). or unweighting on GLUT 4 protein in rat soleus
muscle.J Apll Physiol.70, 2322-2327.
Herbison, G.J.; Jaweed, M.M. and Ditunno, J.F. 897
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