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Changes of lysosomal enzymes activity
in the skeletal muscle fibers
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Abstract
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Purpose: To evaluate the effect of endurance exercise
on the activity changes of selected lysosomal enzymes in
particular types of rat muscle fibers, occurring by 0-4 days
following the trial.
Material and methods: The experiment was performed
on 3 month old male Wistar rats with body mass 250 ± 25 g,
exposed to single physical exercise on moving track
(speed 17 m x min-1, decline 0°, duration 87.5 ± 27.5 min).
Biochemical analyses were performed on homogenized fasttwitch FTa and FTb (m. gastrocnemius) and slow-twitch ST
(m. soleus) muscle fibers of animals sacrificed 2 h (group
II), 6 h (III) or 96 h (IV) after exercise and control group.
The measurements considered protein concentration and
the activities of beta-glucuronidase ( -GRS), N-acetyl- -Dglucosaminidase (NAG), and arylsulphatase A (ASA).
Results: In FTa fibers, ASA and -GRS activities were
elevated in all the exercised groups, with the most evident
changes in animals tested 96 h post trial (group IV), while
the peak of NAG activity was demonstrated 2 h after
exercise (group II). In contrast, in FTb and ST fibers the
levels of all the enzymes studied peaked 96 h after exercise,
following the transient decrease in activity.
Conclusions: The present study demonstrated that maximal running exercise, without the eccentric components,
affects the activities of lysosomal enzymes in all types of rat
muscular fibers. The lack of uniform activity profile for the
lysosomal enzymes studied probably reflects the variety of
their cellular functions.
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Introduction
It is widely known that physical exercise reflects in the
imbalance of homeostasis. The resulting changes depend on
the intensity of stimulation and its duration. One of possible
exercise-associated consequences is the damage of muscle fibers
[1], which might consider either sarcolemma, or myofibrils and
cell organelle [2]. Free radicals [3], increased acidification,
hypoxia, some metabolites and elevated intracellular Ca2+
concentration are mentioned as the factors responsible for
those injuries [4,5]. Exercise stress reflects in the changes of
protein composition either in cytosol or in plasma membranes
and extracellular matrix [6,7].
Lysosomes are the main structures where occurs the
degradation of proteins, proteoglycans, mucopolysaccharides,
glycoproteins and sulpholipids. They participate in composed,
intracellular system decomposing either extra- or intracellular
compounds. Lysosomes are present in cells of various tissues,
but are particularly frequent in secretive or excretive organs
(liver, kidneys, and lungs), enterocytes and leucocytes (mainly
granulocytes). In contrast, they are of rare evidence in myocytes
and pancreatic glandular vesicles [8]. Lysosomes are intracellular organelles surrounded with single-layered protein-lipid
membrane, which, due to specific activity of ATP-dependent
proton pump, maintains their internal pH between 5.0 and
5.5. They exhibit the activity of numerous hydrolytic enzymes,
including arylsulphatase A (EC 3.1.6.1), catalyzing decomposition of sulphate lipid esters and other sulphconjugates,
N-acetyl-beta-D-glucosaminidase (EC 3.2.1.30), splitting off
sugar moieties (N-acetylglucosamine) from glycoproteins and
glycolipids, and beta-glucuronidase (EC 3.2.1.31) degrading
glucosaminoglycanes. The latter one is known as the marker
of lysosomes and approved quantitative indicator of muscular
damage [9,10].
The purpose of present study was to evaluate the effect of
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Figure 1. Lysosomal enzymes activity in FTa fiber muscles.
ASA – arylsulfatase A (Uxg-1x10-2), NAG-N-acetyl- -Dglucosaminidase (Uxg-1), GRS – -glucuronidase (Uxg-1). Results
are means ± SEM from 5 animals

Figure 2. Lysosomal enzymes activity in FTb fiber muscles.
ASA – arylsulfatase A (Uxg-1x10-2), NAG-N-acetyl- -Dglucosaminidase (Uxg-1), GRS – -glucuronidase (Uxg-1). Results
are means ± SEM from 5 animals
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endurance exercise on the activity changes of selected lysosomal
enzymes in particular types of rat muscle fibers, occurring by 0-4
days following the trial.

Material and methods
The experiment was performed on 3 month old male
Wistar rats with body mass 250 ± 25 g. All the animals were kept
under the equal microclimatic conditions and given water and
standard laboratory fodder ad libidum. The rats were exposed
to single physical exercise on moving track (speed 17 m x min-1,
decline 0°). The exercise trial was performed “until refuse”,
which corresponded to average duration 87.5 ± 27.5 min.
The animals were divided into the following groups (n=5):
I – controls – non-exposed to physical exercise,
II – examined 2 h after trial,
III – examined 6 h after trial,
IV – examined 96 h after trial.
The rats were sacrificed by ketamin (Bioketan) injection
(100 mg x kg-1 b.w.), followed by the dislocation of cervical
vertebra. All the procedures were performed according to
the guidelines of Local Ethical Commission in Wrocław. The
material analyzed considered hind-limb muscles: FTa and FTb
fibers dissected from musculus gastrocnemius, and ST fibers
from musculus soleus. The tissues were frozen at -80°C directly
post dissection. Prior the biochemical analyses the tissues were
homogenized in Potter homogenizer at +4°C, with the solution
containing 0.15M NaCl; 0.01M Tris/HCl buffer (pH 7.4),
and 0.1% Triton X-100.The homogenates (10% w/v) were
subsequently spinned by 8 000 x g for 30 min (+4°C) and the
supernatant was used for further analyses.

NAG U/g

Control
2 h after exercise

GRS U/g

6 h after exercise
96 h after exercise

* p<0.05 (vs control) ** p<0.05 (vs 2 h after exercise)

The following analyses were performed on the material
studied: 1) protein concentration measured by means of Bradford method [11] with Coomassie Brillant Blue G-250, 2) betaglucuronidase activity ( -GRS) determined by Maruhn method
[12] with p-nitrophenyl- -D-glucuronide (Sigma), 3) N-acetyl- -D-glucosaminidase activity (NAG) with p-nitrophenyl-Nacetyl- -D-glucosaminide (Sigma) [13], 4) arylsulphatase
A activity (ASA) by means of Baum method [14] in own
modification with 2-hydroxy-5-nitrophenol sulphate (Flucka) as
a substrate. The samples were dialyzed to distilled water (+4°C)
prior the latter analysis to remove the chloric anions which
might alter the enzymatic activity.
The results of measurements underwent statistical analysis by
means Friedman’s ANOVA and non-parametric Wilcoxon’s test
(p<0.05), using Statistica 6.0 PL (StatSoft, Poland) package.

Results
The present study revealed that physical exercise changed
lysosomal enzyme activity in all types of muscular fibers. The
sequence of that changes was however different in particular
experimental groups.
In FTa fibers (Fig. 1) ASA activity was elevated in all the
exercised groups, with the most evident changes (3.5-fold
increase) in animals tested 96 h after trial (group IV). Similar
sequence was observed for -GRS activity, which was also
the highest in group IV (2.5-fold increase). However, the
nature of NAG changes was different. The peak of activity
was demonstrated 2 h after exercise (2-fold increase, p<0.05),
while 6 and 96 h post trial the enzyme level remained lower
than in group II, but it was still 1.5-fold higher than in the
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Figure 3. Lysosomal enzymes activity in ST fiber muscles. ASA –
arylsulfatase A (Uxg-1x10-2), NAG-N-acetyl- -D-glucosaminidase
(Uxg-1) GRS – -glucuronidase (Uxg-1). Results are means ±
SEM from 5 animals
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controls. Enzymatic profile of FTb fibers (Fig. 2) was different
than described for FTa ones. The activity of ASA in group II
was decreased by 44% of the basal level. The most prominent,
2.4-fold, increase was demonstrated in group tested 96 h after
exercise. The aforementioned changes were insignificant,
however, as well as the alterations of NAG activity, which
was also the highest in group IV. Two hours after exercise, the
activity of -GRS in FTb fibers was similar as in the controls,
while 2- and 2.3-fold increase was observed 6 and 96 h post trial
(group III and IV), respectively (p<0.05).
In slow-twitch fibers ST (Fig. 3) the decrease of ASA activity by 40% was observed 2 h after exercise (group II), while the
increase by 40% and 70% of the basal level was demonstrated in
groups III and IV, respectively. The activities of NAG decreased
by 17% and 54% of the normal values in groups II and III,
respectively. The twofold increase was, however, observed in
group IV, when compared with the controls.

Discussion
Present study revealed that the single endurance exercise
reflects in the changes of lysosomal enzyme activities in all types
of rat muscle fibers. The most pronounced increase of enzymatic
values was demonstrated in red, fast-twitch FTa fibers. Most of
the authors proved significant effects of eccentric exercise on
muscular damage. The lesions were indicated by the increase
of enzymatic activity 1-3 days after exercise and the subsequent
decrease by 7th day post trial [15-17]. Takala et al. revealed
8-fold increase of muscular -GRS activity after eccentric
exercise, while concentric trial reflected in only 2-fold elevation.
Forty-eight hours and 4 days after the electrical stimulation of

isolated anterior tibial muscle of rat, the rise of -GRS activity
was 4- and 12-fold, respectively [17]. The eccentric exerciseassociated increase of -GRS level was the most pronounced in
red muscle fibers, followed by the white and slow-twitch ones
[10].
The present study revealed that the endurance exercise
without the eccentric components might cause the similar
biochemical changes in muscle fibers, manifested by the highest
increase of -GRS activity in FTa fibers 4 days after exercise. The
comparable sequences of NAG and -GRS, i.e. increase 2 days
after endurance test and return to the basal level on day 3, were
revealed in biopsy specimen of equine muscle (middle gluteal
muscle) [18]. In present study the changes of ASA activity in all
the types of muscular fibers followed the similar sequence like
in case of -GRS, and were parallel to described by Kihlström et
al. in the muscle of exercise-exposed mice [19]. The elevation of
serum ASA activity by 40%, occurring 7 days after exercise, was
also demonstrated in sportsmen [20]. It is suggested that exerciseassociated peak of lysosomal enzyme activities in muscles might
reflect the infiltration of macrophages and granulocytes into the
injured tissue and/or result from the activation of endogenous
lysosomal system of myocytes [6]. In present study, the peak of
NAG activity in fast- and slow-twitch fibers was demonstrated
96 and 2 hours after exercise, respectively. In contrast, Raulo et
al. measured the maximal activities of NAG and -GRS on 3rd
day after exercise [18].
The lack of uniform activity profile for the lysosomal
enzymes studied probably reflects the variety of their cellular
functions. -GRS and NAG participate in the metabolism
of glucosaminoglycanes, which is particularly intensive after
exercise [21]. The variations described may also result from
changes in the permeability of lysosome membranes and the
subsequent selective transport of various compounds. Several
factors, including hypoxia, free radical generation or the
rise of intracellular Ca2+ concentration, might enhance the
permeability of lysosomal membranes [22]. Fusion of lysosomes
with the plasma membrane and their exocytosis is triggered by
elevated intracellular concentration of Ca+2 and is required for
the repair of cellular disruptions [23]. Lysosomal membranes
are in turn stabilized by such hormones as cortisol and ACTH
[24]. The transient decrease of ASA activity in FTb and ST
fibers observed 2 h after exercise in our study might be the effect
of those hormones.

Conclusions
Concluding, the present study demonstrated that maximal
running exercise, without the eccentric components, affects
the activities of lysosomal enzymes in all types of rat muscular
fibers. The lack of uniform activity profile for the lysosomal
enzymes studied probably reflects the variety of their cellular
functions.
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