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Abstract In contrast to fast-twitch skeletal muscle fibers

of the chicken, slow-twitch fibers are fatigue-resistant. In

fast fibers, the fatigue process has been related to KATP

channels. In the present study, we investigated the action of

glibenclamide (an anti-diabetic sulphonylurea that acts on

KATP channels) on fatigued slow skeletal muscle, studying

twitch and tetanus tension after inducing the muscle to

fatigue by continuous electrical stimulation. Our results

showed that glibenclamide (150 lM) increased post-fatigue

twitch tension by about 25% with respect to the fatigued

condition (P \ 0.05). In addition, glibenclamide (150 lM)

increased post-fatigue tetanic tension (83.61 ± 15.7% in

peak tension, and 85.0 ± 19.0% in tension-time integral,

P = 0.02, and 0.04, respectively; n = 3). Moreover, after

exposing the muscle to a condition that inhibits mitochon-

drial ATP formation in order to activate KATP channels with

cyanide (10 mM), tension also diminished, but in the

presence of glibenclamide the effect produced by cyanide

was abolished. To determine a possible increase in intra-

cellular calcium concentration, the effects of glibenclamide

on caffeine-evoked contractures were explored. After

muscle pre-incubation with glibenclamide (150 lM), ten-

sion of caffeine-evoked contractures increased (6.5 ± 1.5%

in maximal tension, and 5.9 ± 3.8% in tension-time inte-

gral, P \ 0.05). These results suggest a possible role of

KATP channels in the fatigue process, since glibenclamide

increases twitch and tetanus tension in fatigued slow muscle

of the chicken and during metabolic inhibition, possibly by

increasing intracellular calcium.
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Introduction

Slow-twitch skeletal muscle, in contrast to fast-twitch

muscle is more resistant to fatigue. During muscle con-

traction, ATP is necessary and muscle demand increases

when it is continuously stimulated; so its availability is

reduced through fatiguing exercise. There are ionic

channels capable of sensing the demands of ATP as

ATP-dependent potassium channels (KATP) (Noma 1983;

Inagaki and Seino 1998). These KATP channels are inhi-

bited when intracellular ATP concentration increases

to mM levels.

Communicated by I.D. Hume.

F. Andrade

Instituto Tecnológico de Colima, Avenida Tecnológico No. 1,

C.P. 28976 Villa de Álvarez, Colima, México

X. Trujillo � E. Sánchez-Pastor � R. Montoya-Pérez �
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e-mail: rosio@ucol.mx

123

J Comp Physiol B (2011) 181:403–412

DOI 10.1007/s00360-010-0527-1



During fatigue, intracellular ATP decreases leading to a

reduction in ATP hydrolysis in order to protect the cells,

thus KATP channels are sensors of ATP and ADP intra-

cellular rate (Inagaki and Seino 1998). The activation of

KATP channels succeeds when the cells are compromised in

ATP-demanding functions (Yokoshiki et al. 1997) such as

fatigue or metabolic inhibition. These channels couple the

metabolic state of the cell to its electrical activity and they

have been reported in cardiac tissue (Noma 1983) and

pancreatic tissue functionality linked to insulin secretion

(Ashcroft et al. 1984; Cook and Hales 1984; Rorsman and

Trube 1985), in amphibian skeletal muscle (Spruce et al.

1985, 1987), in mammalian skeletal muscle (Burton et al.

1988), in avian fast skeletal muscle (Thomas and Hume

1993; Fosset et al. 1995), in smooth muscle (Davies et al.

1991), and in the central nervous system (Ashford et al.

1988).

Some authors have explored the role of KATP channels

in skeletal muscle using agonists of these channels, sug-

gesting that their activation is involved in the diminution of

force when muscle is fatigued (Weselcouch et al. 1993;

Light and French 1994; Wickenden et al. 1996; Matar et al.

2000, 2001). However, other authors used KATP channel

antagonists, such as glibenclamide (a broadly used antidi-

abetic drug), but did not find effects on fatigue in their

results (Light et al. 1994; Van Lunteren et al. 1998; Matar

et al. 2000; Gong et al. 2003). Others reported acceleration

of fatigue (Comtois et al. 1994), or an increase in tetanic

force and in intracellular Ca2? levels (Duty and Allen

1995).

Thus, in the present paper, the effects of glibenclamide

on twitch and tetanus tension of fatigued slow skeletal

muscle fibers of the chicken, as well as its action during

metabolic inhibition (low ATP), were studied.

Methods

Ethical approval

Chickens were used in accordance with the Institute for

Laboratory Animal Research (ILAR) (1996) Guide for

the Care and Use of Laboratory Animals and the Ethics

Committee of the Centro Universitario de Investigaciones

Biomedicas of the Universidad de Colima approved the

protocol. To minimize animal pain and distress, as well

as for muscle extraction, chickens were previously

anesthetized with chloroform, followed by cervical dis-

location and decapitation, ensuring a fast and complete

separation of the head from the body [American Veteri-

nary Medical Association AVMA (2007) Guidelines on

Euthanasia].

Dissection

The anterior latissimus dorsi (ALD) muscle was chosen for

this investigation as it is exclusively made up of slow

muscle fibers. Muscles were carefully dissected out, toge-

ther with a piece of the humerus bone and a portion of the

vertebral cord from 1 to 2-week-old chickens (arbor

acres). The vertebral cord was pinned at the bottom of the

experimental chamber and 3.0 surgical silk threads were

tied around the humerus bone to attach muscle bundle

(1–2 mm thick) distal end to a force transducer (Grass

FT03, West Warwick, RI, USA) by means of a lightweight

wire. To record force, the transducer was wired to an

amplifier (Cyberamp 320, Axon Instruments, Foster City,

CA, USA) and connected to an analog-to-digital converter

(DMA TL-1, Axon Instruments) with a 5 Hz sampling rate.

Data were acquired using the subroutine Clampex of

pClamp 8.0 (Axon Instruments) in a desk computer.

Fatigue protocols

To establish a fatigue protocol in the slow latissimus dorsi

muscle, different electrical stimulation frequencies were

used to produce twitches or tetanus. Twitches were evoked

by repetitive supramaximal 300 ms square-wave pulses

(Grass S-88 stimulator and SIU-5 stimuli isolation unit) at

0.2 Hz until bundle contractions were approximately

30–40% of the control contraction (about 60 min). Tetanic

contractions were evoked every 10 s by trains of 10 ms

pulses delivered at 5 (low frequency fatigue) or 50 (high

frequency fatigue) Hz for 5 s until force fell to around 30%

of initial tension (about 10 min). Pulses were delivered

across platinum wire electrodes situated at either side of the

muscle. Each protocol consisted of a period with initial

stimulation to induce fatigue (about 30% of initial tension),

after which glibenclamide was applied to the bath for

5 min, maintaining the stimulation. It was followed by

washout with Ginsborg normal saline. After drug washout,

electrical stimulation continued to record tension for

15 min for post-fatigue analysis.

Caffeine contractures

Caffeine-evoked-tension has been reported to be due to

calcium release from the sarcoplasmic reticulum (SR)

(Caputo 1966; Klein et al. 1990; Huerta and Stefani 1981;

Muñiz et al. 1992), but in slow fibers, Huerta and Stefani

(1981) and Shabala et al. (2008) suggest that caffeine also

opens the L-type Ca2? channels from the sarcolemma,

assuring Ca2? entry from the external media. Thus, con-

tractures in the ALD muscle were induced by applying

8 mM caffeine. The time course of caffeine contractures
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was 5 min. Protocol consisted of 5 min exposure to caf-

feine contracture followed by a resting period of 30 min

including 5 min of glibenclamide exposure. After that,

5 min caffeine (6 mM) contracture was recorded in the

presence of glibenclamide. After 30 min washout, a final

caffeine contracture was obtained.

Solutions

Muscles were immersed in normal Ginsborg saline (Gins-

borg 1960; Page 1969) composed of (in mM): 167 NaCl, 5

KCl, 2 MgCl2, 5 CaCl2, 2 imidazole-chloride, and pH was

adjusted to 7.4. Normal Ginsborg was supplemented with

2 g/l glucose, but mannitol instead of glucose was used in

the experimental fatigue to prevent blocking of KATP

channels by glucose (Tsuura et al. 1993). Solutions con-

taining glibenclamide, caffeine, cyanide or verapamil

(Sigma Co., St. Louis, MO, USA) were obtained by adding

the proper volume of stock solutions (glibenclamide 2 mM

in NaOH 0.05 M, NaCN 100 mM in water, caffeine

100 mM in water and verapamil 100 mM) to the mannitol

Ginsborg solution. Solutions entered via a three-way tap

located at one end of the central channel of the experi-

mental chamber.

Statistical methods

Tension was measured as the maximum tension from the

basal line to the peak before, during, and after addition of

the experimental drug (peak tension) and tension-time

integral was obtained from the area under the twitch pro-

file. Each experimental condition was then compared. Data

analysis were carried out using the pClamp 8.0 (Axon

Instruments, Foster City, CA, USA) and subroutine and

graphs were elaborated using Sigmaplot 8.0 software.

Results were expressed as means ± S.E.M. followed by

the n value. Mean comparison was applied by Student

t test, accepting a significant effect when P was \0.05.

Results

Glibenclamide increases twitch tension of fatigued

slow skeletal muscle fibers

There are some reports indicating the presence of KATP

channels in the membranes of mammalian and avian fast

skeletal muscle fibers and it has been suggested that these

kinds of channels may have a functional role in muscular

fatigue. However, the physiological role of these K?

channels during the fatigue process and metabolic inhibi-

tion is not yet fully established (Davies et al. 1991; Nichols

and Lederer 1991; Fosset et al. 1995; Minami et al. 2004;

Cifelli et al. 2007).

To establish a fatigue model, we used slow skeletal

muscle fibers of the chicken and found that this kind of

muscle fiber became fatigued after 60 min of stimulation

with a low frequency (0.2 Hz). This represents a 60%

reduction in the control. Once the fatigue model was

established, we studied the effect of glibenclamide (a

KATP channel blocker, Van Lunteren et al. 1998), during

low frequency fatigue. Glibenclamide blocks KATP chan-

nels at a concentration of 100 lM (Light and French

1994). Figure 1a shows a representative trace of an

experiment in which the effect of glibenclamide (150 lM)

on slow skeletal muscle fibers of the chicken was

examined. The first twitch shown corresponds to the start

of the experiment (control). The second one shows the

single twitch once the fibers were fatigued according to

the fatigue model. The third twitch corresponds to the

recording after the addition of glibenclamide (150 lM), in

which an increase in tension when compared with the

twitch in the fatigued state can be observed. This increase

is around 25% higher than the tension in fatigued con-

dition (P \ 0.05). Finally, the fourth twitch corresponds

to the twitch once the glibenclamide was washed out from

the bath.

In Fig. 1b, the results obtained using glibenclamide on

fatigued muscle fibers are shown in the graph. Mean ten-

sion recorded during fatigue was approximately 45%

(44.54 ± 7.66% in averaged peak tension and 45.94 ±

8.79% in tension-time integral), with respect to the control

(P \ 0.05). When glibenclamide was added to the bath,

averaged peak tension increased to 69.86 ± 6.09%, and

tension-time integral increased to 69.53 ± 8.20%. Both

were statistically different with respect to fatigued tension

(P \ 0.05). After glibenclamide washout, averaged peak

tension was 56.13 ± 9.68% and tension-time integral was

57.42 ± 8.17% (n = 4). These results show that gliben-

clamide, a KATP channels blocker, increases tension of low

frequency fatigued muscle fibers.

Glibenclamide increases tension of tetanus

in fatigued muscle fibers

Another way to induce fatigue in these muscles is by

producing tetanic contractions. We used low (5 Hz) and

high frequencies (50 Hz) to generate tetanus. Using these

protocols tension was diminished 70–80% after 10 min of

stimulation, depending on stimulation frequency. Similar

results have been reported for fast skeletal muscle fibers

showing a diminution of 70%, although this diminution

was reached in less time (Duty and Allen 1995).

In Fig. 2a representative traces show the effect of gli-

benclamide (150 lM) on tetanic tension (5 Hz) of fatigued
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Fig. 1 Effects of 150 lM

glibenclamide on twitch at 60%

of fatigue. a In representative

trace 1, the recorded tension at

the start of the experiment. In

trace 2, the recorded tension

approximately 1 h after

stimulating at a frequency of

0.2 Hz. In trace 3, 5 min in the

presence of glibenclamide

increased the tension in the

fatigued muscle. Trace 4 shows

the recorded tension 10 min

after glibenclamide washout.

b Graphs showing the effects of

glibenclamide on single twitch

tension. Glibenclamide

produced a significant increase

in both total and maximal

tension of twitches in fatigued

muscle fibers (n = 4). Asterisks
indicate P \ 0.05

Fig. 2 Effects of glibenclamide

on tetanic force.

a Representative traces showing

the effect of glibenclamide

(150 lM) on tetanic tension of

fatigued muscle fibers. The

stimulation frequency used was

5 Hz. 1 Tetanic tension at the

start of the experiment (control).

2 Tetanic tension after 10 min

of stimulation, muscle fibers

were fatigued at this point.

3 When glibenclamide was

added to the bath the tetanic

tension of the fatigued muscle

increased. 4 Tetanic tension

after 5 min of glibenclamide

washout in which tetanic

tension was further decreased is

shown. b Graphs showing the

effect of glibenclamide on peak

tension and tension-time

integral of fatigued muscle

fibers. Asterisks indicate

P \ 0.05
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muscle. In representative trace 1, tetanus recorded at the

beginning of the experiment is shown. In trace 2, tetanus

recorded after 10 min of stimulation is shown. In trace 3,

tetanic tension recorded in the presence of glibenclamide is

shown. Under this condition tetanic tension is increased,

reversing the fatigue. Trace 4 shows tetanic tension

recorded after glibenclamide washout, in which the muscle

was further fatigued.

Graphs illustrating the effect of glibenclamide (150 lM)

on tetanic tension in fatigued muscle fibers are shown

in Fig. 2b. Averaged tension was reduced during fatigue

by almost 70% (35.64 ± 4.79% in peak tension and

35.81 ± 5.99% in tension-time integral) with respect to the

control (P = 0.00001, P = 0.00004, respectively; n = 3).

In the presence of glibenclamide tetanic tension increased

to 83.61 ± 15.71% in peak tension and to 85.06 ± 19.00%

in tension-time integral (P = 0.0267, P = 0.0484 respec-

tively; n = 3). These data correspond to traces 2 and 3 from

Fig. 2a. After glibenclamide washout the fatigue process

started diminishing tetanic tension again (Figs. 2a, 4).

When a fatigue protocol with high stimulation

frequencies was used, we observed a similar effect with

glibenclamide (150 lM) after fatigue. The graphs for

this effect are shown in Fig. 3. Some groups have used

frequencies as high as 100 Hz (e.g., Duty and Allen 1995);

but when we used 100 Hz or even 70 Hz the muscle

suffered irreversible damage and therefore we chose to use

50 Hz. Under these conditions, tetanic tension during

fatigue was reduced to 12.68 ± 4.53% in peak tension and

to 10.41 ± 4.98% in tension-time integral with respect to

the control. These reductions were statistically significant,

having values of P = 0.000001, P = 0.000002, respec-

tively, for peak tension and tension-time integral (n = 3).

When glibenclamide (150 lM) was added, peak tension

increased to 30.58 ± 5.00% with respect to the fatigued

state, and tension-time integral was 28.96 ± 5.64%

(n = 3). Student t test showed significance in these results

indicating a statistical difference in both parameters

(P = 0.03 in peak tension and P = 0.04 in tension-time

integral of the tetanus). Thus, our results show that fatigue

induced with high frequencies was also reverted in the

presence of glibenclamide.

Effects of glibenclamide on caffeine contractures

in slow skeletal muscle fibers

To examine whether or not the effects of glibenclamide

were mediated by an increased Ca2? release from SR, the

effect of this drug on contractures induced by caffeine, an

alkaloid that mainly induces Ca2? release from the SR

(Caputo 1966; Huerta and Stefani 1981; Muñiz et al. 1992;

Shabala et al. 2008) was studied. Moreover, in slow muscle

fibers caffeine can open L-type Ca2? channels in the sar-

colemma (Huerta and Stefani 1981; Shabala et al. 2008). In

caffeine-induced contractures (8 mM), the addition of gli-

benclamide (150 lM) caused an increase in amplitude of

the contracture with respect to the control. Figure 4a shows

a representative trace obtained in this set of experiments.

The increase in caffeine contracture observed in the pres-

ence of glibenclamide was 6.55 ± 1.57% in maximal

tension and 5.93 ± 3.86% in tension-time integral

(P \ 0.05; n = 3). These effects were reversible after

glibenclamide washout, since contracture returned to the

initial tension. In Fig. 4b results obtained in these experi-

ments are shown in the graph. They suggest that, at least

partly, glibenclamide increased the tension of these slow

Fig. 3 Effects of glibenclamide

on tetanic force generated with

50 Hz of stimulation pulses.

Glibenclamide increased tetanic

tension of fatigued muscle

fibers. Asterisks indicate

P \ 0.05
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skeletal muscle fibers by opening Ca2? channels in the

sarcolemma, since the plateau depends on external Ca2?

(Huerta and Stefani 1981).

In order to discard the participation of sarcolemmal

L-type Ca2? channels in the effect observed with caffeine

plus glibenclamide, caffeine contractures were induced in

the presence of glibenclamide (150 lM) after blocking

these channels with verapamil (10 lM). In these experi-

ments, after blocking the L-type Ca2? channels, a signifi-

cant increase in both peak tension and tension-time integral

(data not shown) was still observed, supporting our

hypothesis that the increase in tension caused by gliben-

clamide is due to an increase in Ca2? release from the SR.

Glibenclamide blocks the effect of metabolic inhibition

on muscle tension

The model for metabolic inhibition induced by cyanide was

used according to Gramolini and Renaud (1997) to avoid

ATP production and thus to decrease intracellular levels of

ATP. Under these conditions the effect of glibenclamide on

twitches generated by 0.2 Hz pulses were explored.

Results obtained in this experimental series are shown in

Fig. 5. Incubation with cyanide (10 mM) for 5 min pro-

duced a rapid diminution in twitch tension as shown in

Fig. 5a (second twitch) with respect to the control. This

diminution in twitch tension was statistically significant

(P \ 0.05; Fig. 5b, second bars). After cyanide washout,

twitch tension recovered its initial levels. Then, cyanide

plus glibenclamide 150 lM was added to the bath for

5 min. In Fig. 5a the third twitch shows tension recorded

after 5 min in the presence of cyanide plus glibenclamide

and tension similar to that recorded at the start of the

experiment (first twitch) can be observed. Thus, the pres-

ence of glibenclamide blocked the cyanide-produced effect

on force, by avoiding the diminution in tension caused by

cyanide alone. The fourth twitch corresponds to the final

washout, showing that twitch tension was maintained at

values similar to the control condition.

Discussion

KATP channels are involved in the coupling of the meta-

bolic state of the cell to its electric activity. In skeletal

muscle, it has been shown that KATP channels have a role

in force reduction during some metabolic stress states such

as anoxia, ischemia, fatigue, and during metabolic inhibi-

tion to preserve ATP and thus prevent muscular damage

(Weselcouch et al. 1993; Wickenden et al. 1996; Matar

et al. 2000). There are some reports indicating the presence

of KATP channels in the membranes of mammalian and

Fig. 4 Effects of glibenclamide

on caffeine contractures.

a Representative traces obtained

by inducing contractures with

caffeine 8 mM before and after

the addition of glibenclamide.

Inferior trace corresponds to

control caffeine contracture and

superior trace corresponds to

caffeine contracture in the

presence of glibenclamide

(150 lM). b Graphs showing

the effect of glibenclamide

(150 lM) on caffeine

contractures. Presence of

glibenclamide increases

caffeine-induced tension with

respect to the control (P \ 0.05;

n = 3). Asterisks indicate

P \ 0.05
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avian fast skeletal muscle fibers, and it has been suggested

that this kind of channels may have a functional role in

muscular fatigue. However, the physiological role of these

K? channels during the fatigue process and metabolic

inhibition is not yet fully established (Davies et al. 1991;

Nichols and Lederer 1991; Fosset et al. 1995; Minami et al.

2004, Cifelli et al. 2007). In this paper the effect of gli-

benclamide (a KATP channel blocker, Van Lunteren et al.

1998) during low frequency fatigue was studied.

The aim of this work was to investigate the effect of

glibenclamide on fatigued slow skeletal muscle of the

chicken. Previously glibenclamide has been found to have

a higher effect on slow-twitch muscle fiber tension than in

fast-twitch muscle fibers of the chicken (Sánchez-Pastor

et al. 2002). Therefore, a fatigue model for skeletal muscle

fibers of the chicken was designed using simple twitch and

tetanus to induce fatigue in ALD muscle. ALD muscle is a

slow-twitch muscle and fatigue was induced by stimulation

pulses at a frequency of 0.2 Hz, reaching a 60–70% fatigue

in approximately 60 min of stimulation, and by a stimu-

lation frequency of 5 and 50 Hz, reaching 70–80% fatigue

in 10 min. When higher stimulation frequencies (70, 100

and 140) were applied, as reported in other works using

different experimental models (Westerblad and Allen

1991; Light and French 1994; Duty and Allen 1995; Matar

et al. 2000), muscle fibers suffered irreversible damage. At

the age of the animals used, ALD muscle has small

physical dimensions, facilitating oxygen diffusion. Muscle

and state of contraction was monitored at the beginning and

at the end of the fatigue experiments through high-potas-

sium contracture, so it could be analyzed before and after

washout. Only those muscles that recovered from fatigue

and from the effects of the drugs used were taken into

account for analysis.

The participation of KATP channels in the fatigue pro-

cess has been studied using specific blockers but the role of

these kinds of channels is still controversial (Comtois et al.

1994; Matar et al. 2000; Cifelli et al. 2007). The present

work shows that glibenclamide improves muscle tension

(twitch tension and tetanic tension) in the fatigued state,

which coincides with previous work on mammalian fast

skeletal muscle (Duty and Allen 1995). However, in the

present experiments, when fatigue was induced with tetanic

contractions (at high frequencies), further diminution in

tension shortly after glibenclamide washout was observed.

This could be from fiber damage due to the fact that KATP

channels remained closed by glibenclamide, thus avoiding

the cellular protection in which KATP channels have been

involved. This situation was not observed with fatigue at

low frequencies.

Moreover, it has been shown that after a fatiguing

period muscle contractile capabilities are diminished (Fitts

and Metzger 1988). This effect has been associated with a

diminution in intracellular Ca2? concentration (Allen
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experiment (control) is shown.

Trace 2 shows the twitch after

5 min in the presence of cyanide

10 mM (metabolic inhibition).

This effect was totally

reversible after cyanide

washout. In trace 3, the presence

of glibenclamide in the bath

avoided the diminution in

tension produced by cyanide. In

trace 4, the twitch tension at the

end of the experiment is similar

to that recorded at the start.

b Graphs for the effect of

glibenclamide on twitch in

metabolic inhibition. Twitch

tension notably diminished in

the presence of cyanide with

respect to the control

(P \ 0.05). Presence of

glibenclamide avoided the

effect of metabolic inhibition

with cyanide. Asterisks indicate

P \ 0.05
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et al. 2001) affecting the excitation–contraction coupling.

Thus, the effects of glibenclamide could be due to an

involvement of this drug in one of the steps involved in

excitation contraction coupling and in the modulation of

intracellular Ca2? during fatigue in slow skeletal muscle

fibers.
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The effect of glibenclamide is the improvement of ten-

sion in the fatigue state, which is attributed to KATP

channel blockade, together with an indirect effect on Ca2?

release from the SR and/or a greater Ca2? entry (Duty and

Allen 1995; Jones 1996). KATP channel blockade by gli-

benclamide would reduce K? efflux from the muscle fiber

leading to elongation of the action potential (Castle and

Haylett 1987; Light and French 1994), which in turn would

increase intracellular Ca2? release (Duty and Allen 1995).

Another possibility is that myofilament Ca2? sensitivity is

increased (Duty and Allen 1995). However, more experi-

ments are needed to explain this mechanism.

The present work also showed that glibenclamide

increases tension in caffeine contractures even when sar-

colemmal Ca2? channels were blocked, suggesting a

greater Ca2? release from the SR (Fig. 6).

On the other hand, it is known that ATP production is

also diminished during metabolic inhibition (Adler et al.

1999); this diminution would be sensed by KATP channels

at the sarcolemma, which in turn would be activated

causing a reduction in membrane excitability. To obtain

further evidence of KATP channel presence in this muscle

and their possible role during metabolic inhibition, the

muscles were stimulated repeatedly in the presence of

cyanide. Tension recorded under these conditions was

diminished. The effect of glibenclamide was then tested by

incubating the muscles in cyanide plus glibenclamide.

Glibenclamide was found to avoid the diminution in ten-

sion caused by cyanide suggesting that KATP channel

activation is involved in the action mechanism causing

muscle tension reduction during metabolic inhibition.

Zhang et al. (2006) reported a marked decrease in tetanic

intracellular Cai
2? during fatigue of single soleus fibers

exposed to cyanide, and suggested that the opening of

KATP was involved in these effects.

Additionally, we cannot rule out the possibility that, as

in other tissues such as those of the heart and liver (Inoue

et al. 1991; Paucek et al. 1992), mitochondrial KATP

channels are present in these skeletal muscle fibers and that

the effects of glibenclamide on the fatigued muscle fibers

were due to an additional action of this drug on mito-

chondrial KATP channels (Paucek et al. 1992; Garcı́a et al.

2009). However, further experiments using a selective

inhibitor for these mitochondrial channels such as

5-Hydroxydecanoate are necessary.

The use of skeletal muscle fibers of the chicken provides

a useful model for the study of fatigue processes, since ALD

muscle is conformed exclusively of slow muscle fibers.

Moreover, this type of muscle fiber shares mechanical and

electrophysiological properties with mammalian and

amphibian slow muscle fibers (Trujillo et al. 2002).

Thus, indirect evidence of possible KATP channel

involvement or the stopping of excitation–contraction

coupling in the reduction of tension in slow skeletal muscle

fibers of the chicken produced by fatigue or metabolic

inhibition processes is presented in this paper.
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