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Assessment of reactive oxygen species
production in cultured equine skeletal myoblasts
in response to conditions of anoxia followed
by reoxygenation with or without exposure

to peroxidases

Justine D. Ceusters, DVM, MSc; Ange A. Mouithys-Mickalad, PhD;

Geoffroy de la Rebiere de Pouyade, DVM, PhD; Thierry J. Franck, PhD; Dominique M. Votion, DVM, PhD;

Ginette P. Deby-Dupont, PhD; Didier A. Serteyn, DVM, PhD

Objective—To culture equine myoblasts from muscle microbiopsy specimens, examine
myoblast production of reactive oxygen species (ROS) in conditions of anoxia followed by
reoxygenation, and assess the effects of horseradish peroxidase (HRP) and myeloperoxi-
dase (MPQO) on ROS production.

Animals—5 healthy horses (5 to 15 years old).

Procedures—Equine skeletal myoblast cultures were derived from 1 or 2 microbiopsy
specimens obtained from a triceps brachii muscle of each horse. Cultured myoblasts were
exposed to conditions of anoxia followed by reoxygenation or to conditions of normoxia
(control cells). Cell production of ROS in the presence or absence of HRP or MPO was
assessed by use of a gas chromatography method, after which cells were treated with a
3,3’-diaminobenzidine chromogen solution to detect peroxidase binding.

Results—Equine skeletal myoblasts were successfully cultured from microbiopsy speci-
mens. In response to anoxia and reoxygenation, ROS production of myoblasts increased by
71%, compared with that of control cells. When experiments were performed in the pres-
ence of HRP or MPO, ROS production in myoblasts exposed to anoxia and reoxygenation
was increased by 228% and 183%, respectively, compared with findings for control cells.
Chromogen reaction revealed a close adherence of peroxidases to cells, even after several
washes.

Conclusions and Clinical Relevance—Results indicated that equine skeletal myoblast
cultures can be generated from muscle microbiopsy specimens. Anoxia-reoxygenation—
treated myoblasts produced ROS, and production was enhanced in the presence of peroxi-
dases. This experimental model could be used to study the damaging effect of exercise on
muscles in athletic horses. (Am J Vet Res 2012;73:XXX—XxXX)

Horses have a very high maximal oxygen uptake
(200 mL/kg/min), compared with values in other
species,' because of an exceptionally high mitochondri-
al mass in skeletal muscles.” The main function of mito-
chondria is ATP synthesis, coupled with the reduction
of oxygen to water. Under physiologic conditions, mi-
tochondria have a basal production of superoxide anion
that is correlated to a leak of electrons at the level of the
respiratory chain complexes. Within the mitochondria,
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ABBREVIATIONS

CK Creatine kinase

DAB 3,3’-diaminobenzidine
GC Gas chromatography
HRP Horseradish peroxidase

KMB o-Keto-y-(methylthio) butyric acid
MPO Myeloperoxidase
ROS Reactive oxygen species

the principal producer of superoxide anions is complex
I, but complexes II and III also have important roles.>*
It is estimated that 2% to 3% of oxygen is partially re-
duced in mitochondria into superoxide anions, which
undergo spontaneous or enzymatic dismutation to
yield hydrogen peroxide.> This physiologic production
of ROS regulates intracellular signaling processes.®’
However, under pathological conditions, production of
ROS can exceed its basal level and the mechanisms of
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cellular protection can be affected, leading to an oxi-
dant-antioxidant imbalance called oxidative stress.

A pathological process that results in oxidative
stress is ischemia followed by reperfusion. To better
understand this phenomenon, numerous studies®!° in-
cluding evaluations of in vitro and in vivo experimental
models involving anoxia and reoxygenation have been
reported to mimic ischemia-reperfusion injury. During
reoxygenation, ROS overproduction (a process critical
in the prevention of necrosis of the tissue) occurs and is
due partly to mitochondrial alterations.' Furthermore,
mitochondria represent both the main source and the
target of ROS.'!? In horses, ischemia-reperfusion inju-
ries develop in many clinical situations, such as gastro-
intestinal tract injuries or laminitis."*!*

The muscular function of athletic horses has to
be optimal to ensure the success of their sporting ca-
reers. Unfortunately, intense exercises such as endur-
ance rides, 3-day eventing, and sprint racing can ex-
tend muscle function to its limit. Recently, studies®
in horses have revealed that intense exercise induces
stimulation and degranulation of polymorphonuclear
neutrophils; those cells release MPO and elastase, 2 key
enzymes involved in inflammation. In 1 study,' plasma
activities of these enzymes in horses that completed an
endurance race were significantly higher than the val-
ues in those horses before the race; in some instances,
the postrace values were as high as those encountered
in horses with acute inflammation (eg, gastrointestinal
tract diseases or laminitis)."'® In another study,' in-
creases in MPO and elastase activities in the muscular
tissue of the horses at 2 hours after a 120-km endur-
ance race were significantly correlated to an increase in
CK activity, a marker of muscular damage.*

On the other hand, it has been established that in-
tense muscular work generates considerable amounts
of ROS and consequently induces oxidative stress in
humans?'??; similar changes occur in horses during
intense”?* and endurance exercise.”?® In human ath-
letes, muscle deoxygenation during incremental exer-
cise has been demonstrated.*” At rest, intracellular oxy-
gen returns to physiologic concentration, mimicking a
kind of reperfusion phenomenon. The increase of oxy-
gen flux through the mitochondrial electron transport
chain is probably the main source of ROS production.?®

The relationship between ischemia-reperfusion in-
juries, ROS production by mitochondria, muscle dam-
age, and inflammatory reaction in horses still remains
largely unexplored. Therefore, the purpose of the study
reported here was to culture equine myoblasts from
muscle microbiopsy specimens, examine the cultured
cells for the expression of specific muscular proteins
and capacity for fusion into multinucleated myotubes,
and investigate myoblast production of ROS in condi-
tions of anoxia followed by reoxygenation in the pres-
ence and absence of HRP or MPO. Exposure to per-
oxidases was used to mimic a muscular inflammatory
response involving neutrophils or the infiltration of
neutrophil enzymes.

Materials and Methods

Microbiopsy specimens—The microbiopsy tech-
nique was approved by the Ethics Committee of the

Faculty of Veterinary Medicine of the University of
Liege. Microbiopsy procedures were performed on
standing, awake horses. Microbiopsy specimens were
obtained from 1 triceps brachii muscle (long head, at
the intersection of a vertical line extending from the
tricipital crest and a line between the scapulohumeral
and radiohumeral joints) of each horse. In each of 2
horses, 1 sample was collected from 1 forelimb. In each
of 3 horses, 2 samples were collected from 1 forelimb in
a single procedure.

Microbiopsy specimens were collected with a
14-gauge microbiopsy needle and a microbiopsy pistol.*
Briefly, the hair over the sample collection site (1 cm?)
was shaved, and the skin was desensitized via SC injec-
tion of 0.5 mL of mepivacaine and aseptically prepared.
Each sample (approx 20 to 40 mg of tissue) was col-
lected at a depth of 5 cm in the long head of the triceps
brachii muscle, through a skin incision made with the
tip of a No. 11 scalpel blade. For collection of a second
sample from each of 3 horses, the microbiopsy needle
was reintroduced into the incision at a different orien-
tation (same depth) after the first sample collection.
Closure of the skin incision was not necessary, and the
entire microbiopsy procedure was completed within 15
minutes. Immediately after collection, each sample was
placed in growth medium composed of Dulbecco modi-
fied Eagle medium® with glucose® (1 g/L), L-glutamine®
(580 mg/L), pyruvate® (110 mg/L), 20% fetal bovine
serum,” 2% penicillin-streptomycin,” 0.5% amphoteri-
cin B> and 1% HEPES." Microbiopsy specimens were
kept in growth medium at 4°C until use.

Cell cultures—Culture preparation was performed
by use of sterile equipment, under a streamline flow
hood.© Microbiopsy specimens were placed in 20 mL
of growth medium preheated to 37°C for 30 minutes,
washed twice (1 min/wash) in 10mM PBS solution (pH,
7.4) containing 137mM NaCl and 2.7mM KCl, and im-
mersed again in 20 mL of growth medium preheated
to 37°C for 2 hours. Then, each microbiopsy specimen
was cut into 2 equal parts with a sterile No. 22 scalpel
blade, and each was placed into separate 1.9-cm? wells
of multiwell culture dishes? coated with 0.2% type A
porcine gelatin® in PBS solution. One hundred micro-
liters of growth medium was added to each well, and
culture dishes were incubated at 37°C under controlled
atmosphere (5% CO, and 21% OZ). The growth medi-
um was changed every day during the first 2 days of
culture and 3 times/wk thereafter.

When a halo of cells was visible around the tissue,
the muscle sample was transferred to another 1.9-cm?
well? coated with 0.2% porcine gelatin; the cells that
had separated from the microbiopsy were grown to 80%
confluence. Cells were then passaged by use of trypsin-
EDTAP; cells from the same microbiopsy specimen (2
wells) were mixed in an 80-cm? culture dish.? Finally,
cells from one 80-cm? culture dish? were passaged by
use of trypsin-EDTA, with appropriate dilution, in 175-
cm? culture dishes.4

Characterization of cells in culture—To induce
fusion of myoblasts into myotubes, differentiation
medium (Dulbecco modified Eagle medium with 1%
equine serum) was used. Myoblastic cells were plated at
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a density of 10° cells/well (6 X 9.6-cm? dish?) and cov-
ered with 2 mL of differentiation medium. The medium
was changed every 2 days during the period required
for formation of myotubes.

Light microscope observation—Confluent cells
in multiplication (myoblasts, passage 2 to 8) were
stained with a Romanowsky-type stain® to examine
their morphological characteristics in culture. To ob-
serve the evolution of the fusion process of myoblasts
into myotubes, culture cells were also stained with a
Romanowsky-type stain® at 2, 14, and 45 days after in-
duction of fusion. To assess this process, percentage of
fusion was calculated as the number of nuclei in myo-
tubes divided by the total number of nuclei, multiplied
by 100. Counts were made manually at 45 days after
fusion was induced on a representative portion of each
well. All these observations were made by the same per-
son (JDC) by use of a light microscope' equipped with
a digital camera.?

Immunocytochemical evaluation—To confirm the
type of cells in culture, nearly confluent cells in multipli-
cation (myoblasts, passage 2) and fused cells (myotubes,
45 days after induction of fusion; data not shown) in 9.6-
cm? wells? were probed with antibodies against desmin,
myosin, or muscle-specific actin that can be detected via
fluorescence microscopy after addition of fluorescein iso-
thiocyanate—conjugated secondary antibody.

The culture medium was discarded by aspiration,
and after being washed 3 times (3 min/wash) with PBS
solution (1 mL/well), cells were treated with 2.5% glu-
taraldehyde® (1 mL/well; 5 minutes at room tempera-
ture [approx 20°C]), fixed with 4% methanol’' (1 mL/
well; 5 minutes at 4°C), and washed again 3 times (3
min/wash) with PBS solution (1 mL/well) prior to the
addition of 5% bovine serum albumin’ (1 mL/well). The
cell preparations remained at room temperature for 20
minutes and underwent 3 additional washes (3 min/
wash) with PBS solution (1 mI/well). One milliliter of
primary antibody* (1:20 in PBS solution) was added to
each well. For the controls, 1 mL of PBS solution was
used instead of the primary antibody. Following an in-
cubation of 2 hours at 37°C, cells were washed again 5
times with PBS solution (1 ml/well; 3 min/wash) be-
fore further incubation with 1 mL of the secondary an-
tibody* (1:20 in PBS solution) at 37°C for 30 minutes.
Finally, cells were washed 5 times (3 min/wash) with
PBS solution (1 mL/well) and observed by use of fluo-
rescence microscopy.’

Anoxia-reoxygenation procedure and ROS mea-
surement—Anoxic conditions were generated by en-
closing the cell plates into a sandwich system as pre-
viously described.”® With this system, it was possible
to incubate and test the cells directly in the multiwell
dishes, avoid trypsinization of the cells, and ensure
that the individual cell compartments were sealed but
still accessible via needle puncture for the addition of
reagent or sampling from a syringe. Reactive oxygen
species production was quantified by use of the GC
technique previously described,”® which measures the
amount of ethylene generated by the oxidation of KMB¥
by ROS. The production of ethylene is proportional to
the production of ROS by the cells.

Cells at passage 3 to 6 suspended in growth me-
dium were seeded at a density of 2 X 10° cells/well in
multiwell dishes (6 X 9.6-cm? wells?) and used the
next day. The growth medium was discarded, and cells
were rinsed with assay medium composed of Dulbecco
modified Eagle medium containing glucose (1 g/L) and
pyruvate (110 mg/L) without phenol red.” Control cells
(which were maintained in normoxic conditions) were
covered with 2 mL of assay medium and incubated for
2 hours at 37°C at ambient oxygen atmosphere with 5%
CO,. For cells undergoing the anoxia-reoxygenation ex-
perimental treatment, assay medium was deoxygenated
by bubbling it with nitrogen for 15 minutes under mild
agitation before use. Two milliliters of deoxygenated
assay medium with KMB (final concentration, 170 pg/
mL) was added to the cells, and the dish (without the
cap) was placed on the bottom of the plate of the sand-
wich system.” After flushing with a mixture of 95% N,
and 5% CO,, the dish was covered with a rubber mem-
brane before closing the upper part of the sandwich
onto the dish, which was then sealed. The dishes in the
sandwich systems were maintained in anoxic condi-
tions at 37°C for 2 hours. Then, reoxygenation was per-
formed by injecting 2 mL of medical-grade oxygen into
each well through the holes in the upper plate. At the
same time, KMB was added to the control cells. Control
cell dishes were then placed in a sandwich system and
sealed. Two milliliters of medical-grade oxygen were
injected in each well. A further incubation period of
30 minutes was performed at 37°C for the control and
anoxic-reoxygenated cells. During this period, the eth-
ylene eventually produced by control cells was retained
inside the well by the sandwich device.

After incubation, the cell dishes inside the sand-
wich system were refrigerated at 4°C for 30 minutes to
halt the KMB reaction. The dishes were then warmed
to room temperature, and 500 UL of the gas-phase was
sampled with a gas syringe and analyzed via GC' on
a filled-column porous polymer—adsorbent matrix™ at
80°C, with injection temperature and flame ionization
detection at 120°C. The amount of ethylene produced
was calculated from the area of the ethylene peak of the
chromatogram. Data were expressed as mean + SEM.
The production of ROS was proportional to the amount
of ethylene produced by cells.

Effects of HRP and MPO on ROS production—To
study the catalytic effect of peroxidases on ROS produc-
tion and their reaction with KMB, similar experiments
were performed on normoxic control and anoxic-reox-
ygenated cells in the presence of HRP) and equine MPO.
Horseradish peroxidase was used at the final concen-
tration of 45 pug/mL; MPO was purified as described
by Franck et al** and used at the final concentration of
2 ug/mL. The enzymes were added immediately after
KMB addition. Data were expressed as mean + SEM.
Production of ROS was proportional to the amount of
ethylene produced by cells, represented by the area un-
der the peak of ethylene of the chromatogram.

Peroxidase interaction with cells—After GC mea-
surements were completed, the sandwich devices were
opened; cells were rinsed 3 times (1 min/wash) with
PBS solution and treated with a DAB chromogen so-
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lution™ to detect the presence of peroxidase within or
on the surface of the cells. One milliliter of the DAB
solution™ (1 drop of DAB chromogen/mL of substrate
buffer) was added to each well (normoxic control cells
or anoxic-reoxygenated cells that were or were not
exposed to MPO or HRP); after 10 minutes of incuba-
tion at room temperature, the cells were gently rinsed
3 times (3 min/wash) with distilled water and observed
via light microscopy.

Statistical analysis—Normality of the data was as-
sessed by use of a Shapiro-Wilk normality test. Statisti-
cal analysis for comparisons of ROS production and the
effect of peroxidases between experimental groups was

erforrned by use of 2-way ANOVA followed by a Bon-

F|gure 1—Representat|ve photom|crograph of a culture of myoblasts denved from a

ferroni posttest to compare data. Each condition was
compared to normoxic control cells without addition
of peroxidase. The 2-way ANOVA considered 3 sources
of variation: effect of peroxidase (no peroxidase, ad-
dition of HRP, or addition of MPO), effect of oxygen
concentration (cells maintained in ambient oxygen at-
mosphere with 5% CO, [normoxic conditions] or cells
exposed to anoxia and reoxygenation), and interaction
between the 2. Statistical software® was used for the
analyses. Values of P < 0.01 were considered significant.

Results

Microbiopsy procedures and initiation of cul-
tures—The microbiopsy technique allowed the acqui-
. sition of a sufficient amount of muscular
tissue to easily initiate myoblast cultures.
No contamination was observed, either
during sample collection or treatment
in the laboratory, thereby validating the
working conditions. Because each mi-
crobiopsy specimen was approximately
. 20 to 40 mg and because each specimen
was cut into 2 pieces, cultures were start-
ed with 10 to 20 mg of tissue.

After 3 or 4 days in culture, cells
first started to appear around the muscle
samples in the medium. After 9 or 10
days, the number of cells was sufficient
for transplanting the explants to obtain
a new cell strain. When the cells that
- had separated from the explants reached
80% confluence, the culture was di-
vided. Each microbiopsy specimen was
transplanted 3 times, providing 3 pri-

microbiopsy specimen obtained from a triceps brachii muscle of a horse. The microbi- mary cultures (first, second, and third
opsy specimen was collected with a 14-gauge microbiopsy needle and a microbiopsy cell strains). Thus, 6 primary cultures

pistol at a depth of 5 cm in the muscle; half of the sample was used to generate this
culture. Notice the confluent myoblasts (passage 1). Cells have a spindle shape, a

were obtained for 1 microbiopsy speci-

large centrally positioned nucleus, and many nucleoli (a sign of an active synthesis of men and could be divided until passage

proteins). Romanowsky-type stain; bar = 50 pm.

8 without observable loss of cell mor-
phology. These results are indicative of
an excellent rate of cellular division from
a very small amount of tissue.

Cell development and morphologi-
cal  characteristics—Morphologically,
cells in culture were initially star shaped
and then became spindle shaped be-
cause of the elongation of cellular bodies
(Figure 1). The nucleus was quite large
and had a central position in the cell as
well as many nucleoli, a sign of an active
synthesis of proteins. During growth,
cells lined up progressively and started
to form some spindles in various orien-
tations. The cells were not multiplied
beyond 8 passages because this number
coincided with an increasing rate of cell
adherence to the dish, which rendered
trypsinization difficult. Furthermore, by

Figure 2—Representative photomicrograph of a culture of cells derived from a mi- working with cells that had not reached
crobiopsy specimen obtained from a triceps brachii muscle of a horse. After 2 days passage 8, the overgrowth of fibroblasts

in differentiation medium (used to induce fusion of myoblasts into myotubes), cells
have formed a syncytium with loss of visible individual cell limits. Romanowsky-type

stain; bar = 200 pm.

(which may contaminate the culture)
was limited.

4
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Fusion into myocytes—Two days after replacing
growth medium with differentiation medium, cells
started to gather and form syncytia, with loss of visible
individual limits (Figure 2). After 2 weeks of culture
with differentiation medium, the first myotubes were
observed. Four weeks later (ie, 6 weeks of culture), nu-
merous multinucleated myotubes, with characteristic
striations of skeletal muscles, were present (Figure 3).
On the basis of the calculated percentage of fusion, we
estimated that the experiments were performed with
approximately 75% of muscle cells.

Immunocytochemical analysis—During the cel-
lular multiplication period, first, second, and third cell
strains expressed myosin, desmin, and muscle-specific
actin (Figure 4), thereby confirming their myoblastic

] R TR ot TR

L - e g
Figure 3—Representative photomicrograph of a culture of cells derived from a micro- dase effect accounted for approximately

type. Furthermore, the expression of these 3 specific
proteins was also assessed for multinucleated cells: dur-
ing the fusion process, unfused cells as well as cells that
were fused into myotubes expressed the 3 proteins.

Cell strains used for experiments—Two microbi-
opsy specimens were collected from 1 forelimb of each
of 3 horses and used to initiate 12 primary cultures/
horse. For the 2 other horses, only 1 microbiopsy speci-
men was collected and used to initiate 6 primary cul-
tures/horse. Each culture was characterized with regard
to expression of myosin, desmin, and muscle-specific
actin, even during multiplication or the fusion period.
Myoblastic type was also assessed by morphological
characteristics and capacity to fuse into myotubes.
Once the myoblastic identity of cells in culture was
confirmed, the cell strains in the multi-
plication state were then used for further
experiments.

ROS measurement after anoxia and
reoxygenation—Reactive oxygen spe-
cies production was quantified by use of
the GC technique previously described,
which measures the amount of ethylene
generated by the oxidation of KMB by
ROS. The production of ethylene by cells
is then proportional to their production
of ROS.

Sources of variation considered
included peroxidase effect and oxy-
gen concentration. When performing
a 2-way ANOVA, interaction between
these 2 sources of variation was found to
account for approximately 3.42% of the
total variance (P = 0.095). The peroxi-

ey | '.~

biopsy specimen obtained from a triceps brachii muscle of a horse. After 45 days of 18.34% of the total variance (P < 0.001)

culture in differentiation medium, myotubes have formed. Romanowsky-type stain;

bar = 200 um.

and the oxygen concentration for ap-
proximately 30.06% of the total variance
(P <0.001).

Compared with the normoxic con-
trol cells, the ethylene production by the
cells exposed to anoxia and reoxygen-
ation was increased by 71 + 19%. Inter-
estingly, the ethylene production by cells
exposed to anoxia and reoxygenation
was further increased when a peroxidase
was used to catalyze the reaction. Eth-
ylene production of the anoxic and re-
oxygenated cells was increased by 228 +
26% (P < 0.001) following exposure to
HRP and by 183 + 37% (P < 0.01) fol-
lowing exposure to MPO, compared
with findings for control cells that were
not exposed to a peroxidase (Figure 5).

The addition of HRP or MPO to con-
trol cell preparations also increased their
ethylene production, but this increase

Figure 4—Representative fluorescence photomicrographs of cells cultured from a mi-
crobiopsy specimen obtained from a triceps brachii muscle of a horse after labeling
of cells with antibodies against myosin (A), desmin (B), and muscle-specific actin (C).
Negative control cells without addition of primary antibody (D) are also illustrated.
Labeling patterns, which were similar for each culture started via cell transplantation,
confirm the cells are of a myoblastic type. In each panel, bar = 50um.

was not significant. Compared with eth-
ylene production by normoxic control
cells without peroxidase treatment, the
addition of HRP to the cell preparations
increased the production of ethylene by
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63 + 17%, and addition of MPO to the cell prepara-
tions increased the production of ethylene for 41 + 25%
(Figure 5).

Interaction of peroxidases with the cells—In
parallel to the ROS assays, the ability of peroxidas-
es (MPO or HRP) to bind to cells was investigated.
Normoxic or anoxic-reoxygenated cells that were ex-
posed to MPO or HRP and to which DAB chromogen
solution was added developed a brown coloration,
which persisted even after washing 3 times with PBS
solution; this indicated that HRP and MPO were
bound to the cells (Figure 6). Normoxic or anoxic-
reoxygenated cells that were not exposed to a peroxi-
dase had no coloration following similar treatment
with DAB chromogen solution.

g

[ No peroxidase
300 + HRP
@ + MPO

200+

Ea

-
(=3
2

Ethylene production
(percentage of control cells)

(=]

N A-R

Figure 5—Effect of anoxia followed by reoxygenation (A-R) or
conditions of normoxia (ambient oxygen atmosphere with 5%
CO,; N) with or without subsequent peroxidase exposure on
ethylene production by equine skeletal myoblasts in culture (de-
rived from microbiopsy specimens obtained from triceps brachii
muscles of 5 horses). Normoxic or anoxic-reoxygenated cultured
myoblasts were treated with HRP (final concentration, 45 pg/
mL), MPO (final concentration, 2 ug/mL), or no peroxidase. Ethyl-
ene production is proportional to the ROS production of the cells
and is expressed as the mean + SEM percentage of the value for
normoxic cells with no peroxidase (control cells). *Value is sig-
nificantly (P < 0.001) different from that of the normoxic control
cells. tValue is significantly (P = 0.01) different from that of the
normoxic control cells. The numbers of GC measurements for
each group were as follows: normoxic cells with no peroxidase,
with HRR or with MPO, n = 12, 14, and 8, respectively; anoxic-
reoxygenated cells with no peroxidase, with HRE, or with MPO, n
=10, 15, and 8, respectively.

m %, 5%
Figure 6—Representative photomicrograph of a culture of myoblasts derived from a mi-

Discussion

The primary objective of the present study was to
assess the use of equine muscular microbiopsy speci-
mens to initiate cell culture. Collection of percutaneous
needle biopsy specimens is well described in the litera-
ture; by use of that technique, 50 to 200 mg of muscle
is collected. Although that procedure does not induce
adverse effects,*® owners of horses may be reluctant to
give permission for percutaneous needle biopsy proce-
dures, especially in healthy horses or when repeated
biopsies are required for longitudinal follow-up. The
method of sample collection used in the present study
was tolerated well by horses; local anesthesia was ad-
ministered, but tranquilization of the horses was not
required. A study performed by Votion et al* revealed
that microbiopsy performed by veterinarians in clinical
practice is feasible. Furthermore, the absence of adverse
effects permits consideration of this method of sample
collection for use on high-performance horses, even
during competitions.*

Biopsy specimens from various muscles (eg, semi-
membranous®*** and biceps femoris®*>* muscles) have
been used to generate cultures of equine skeletal mus-
cle cells. Often, cultures of equine skeletal muscle cells
are used to study a particular pathophysiologic mecha-
nism, such as myopathies; therefore, the pathological
process of interest has to be considered when selecting
the muscle from which specimens are collected, be-
cause some myopathies develop only in certain types
of muscular fibers.*® Because the present study was not
associated with investigation of any particular form
of myopathy, we chose the triceps brachii muscle for
sample collection because of its easy access and mixed
fiber types.*

Two methods for the initiation of equine skeletal
muscle cell cultures—the explant method® and enzy-
matic digestion****—have been described. Because the
amount of tissue collected by use of the microbiopsy
technique was insufficient to apply the enzymatic di-
gestion technique, the explant method was used on
the basis of a previous study by Lentz et al.*> With that
method, the authors cut each biopsy specimen into sev-
eral explants of approximately 5 to 6 mm’® and then cut
each explant into several pieces of 1 mm’ after a few
days in culture because the small size facilitated the mi-
gration of cells out of the pieces of muscle. In the pres-
ent study, we cut each microbiopsy specimen only once
into 2 explants of 2 mm’ to minimize the
risk of contamination during cutting.
The volume of medium added to the ex-
plants was adjusted to ensure complete
immersion of the explants to avoid their
drying out and furnish adequate growth
factors to allow adhesion of the tissues
to the dish, thereby facilitating the mi-
gration of cells.

Mesenchymal-type cells were ob-

1 I = I . . . .
tained without any contamination from

crobiopsy specimen obtained from a triceps brachii muscle of a horse with or without all explants in the present study. More-
subsequent HRP exposure and treatment with DAB solution (to detect the presence of over, the cells expressed myosin, mus-
a peroxidase). A—Anoxic-reoxygenated cells that were exposed to HRP. B—Anoxic-re- Cle—speciﬁc actin, and desmin. Because
oxygenated cells that were not exposed to HRR Similar staining patterns were obtained 1 ifi . d .

for normoxic cells that were or were not exposed to HRP and for normoxic or anoxic- Muscle-specilic actin and myosin were

reoxygenated cells that were or were not exposed to MPO. In each panel, bar =200um.

expressed by the first cells that separated

6

AJVR, Vol 73, No. 3, March 2012



from the explants, an assumption regarding their mus-
cular nature could be made. Desmin is expressed from
the onset of the activation of satellite cells* and can
thus be considered as the earliest characteristic marker
of the myoblastic origin of cells found in culture. How-
ever, because this protein can also be found in myofi-
broblasts, the capacity of the cells in each culture and
subculture to fuse into multinucleated myotubes has to
be verified. Cells in all the cultures and subcultures that
we initiated from microbiopsy specimens had a capaci-
ty to fuse into myotubes in differentiation medium, and
cells in the myoblastic or myotube states expressed des-
min, muscle-specific actin, and myosin. On the basis of
these observations and the calculated percentage of fu-
sion, we estimated that skeletal muscle cells composed
approximately 75% of the cell preparations with which
our experiments were performed. The cellular yield of
the microbiopsy technique was high: 6 primary cul-
tures were obtained from 1 microbiopsy specimen by
use of a simplified growth medium without any growth
factors, and the 6 cultures were maintained until the
eighth passage, yielding a sufficient number of cells
for repeated experiments. For the experiments in the
present study, we chose to work with cells in the mul-
tiplication state (ie, myoblasts) because of their easy
handling. Trypsinization and counting of myoblasts are
easy procedures, unlike trypsinization and counting of
myotubes. Moreover, because cells were in a multiplica-
tion state, maintenance of their culture during experi-
ments was uninterrupted.

Another objective of the present study was to es-
tablish a method by which equine skeletal myoblasts
could be exposed to conditions of anoxia and subse-
quent reoxygenation to enable investigation of ROS
production in the presence or absence of peroxidase en-
zymes, thereby mimicking muscular inflammatory re-
sponse. In general, horses are outstanding athletes, and
their performance during strenuous exercise is depen-
dent on an optimal muscular function. In the 1970s, an
increase in lipid peroxidation after exercise in rats and
humans** was demonstrated. Numerous studies**
have revealed a relationship between oxidative stress
and strenuous exercises in horses, and there is evidence
that the generation of ROS and nitrogen species can be
predominantly attributed to contractions of myocardial
and skeletal muscles.®

In humans, skeletal muscle oxygenation decreases
during exercise, and the magnitude of this response is
dependent on exercise intensity.?"*>° At the cessation of
exercise, the blood flow to hypoxic tissues resumes and
results in their reoxygenation; this situation mimics the
ischemia-reperfusion phenomenon, which is known to
cause excessive production of free radicals.!'! The in-
crease of oxygen flow and the subsequent increase of
mitochondrial electron flux consequently induce ROS
production. In addition to this mechanism, exercise-in-
duced free radical generation may also be regulated by
changes in intracellular oxygen pressure, hydrogen ion
generation, norepinephrine autoxidation, peroxidation
of damaged tissue, and xanthine oxidase activation.>
We extrapolated the findings in human athletes to ath-
letic horses, and direct assessment of ROS production
in equine skeletal myoblast cultures that were exposed

to conditions of anoxia and reoxygenation revealed
evidence of a significant increase of in ROS, compared
with cells maintained in an ambient oxygen atmosphere
with 5% CO,. The increase in ROS production by cells
exposed to anoxia and subsequent reoxygenation can
be attributed to mitochondrial alterations.*

In human athletes, a systemic inflammatory re-
sponse due to strenuous exercise has been detected.”
This inflammatory response induces neutrophil de-
granulation and respiratory burst, with subsequent
ROS production as well as an increase in the plasma
activity of the neutrophil oxidant enzyme, MPO.>*" An
increase in plasma MPO activity following exercise has
also been identified in horses,'” and more recently, our
group detected increases in counts of neutrophils and
concentrations of 2 neutrophil enzymes, MPO and elas-
tase, in plasma and muscles of endurance and eventing
horses following competition.'®!® Furthermore, signifi-
cant correlations were established between blood elas-
tase and CK activities in horses after intense exercise'®
and between plasma CK activity and muscular MPO
and elastase activities in endurance horses.'” High ac-
tivities of these 2 enzymes in muscles may contribute
to the muscle damage induced during endurance races,
as indicated by the high plasma CK activity. Therefore,
in the anoxic-reoxygenated cell cultures in the present
study, we added MPO to investigate its enhancing effects
on ROS production and compared the effects of MPO
with those of HRP, another peroxidase that is known
to catalyze the reaction between KMB and ROS.* We
observed that similar increases in ROS production were
achieved with the peroxidases, although the concentra-
tion of MPO was lower (22.5-fold decrease) than that
of HRP. This major catalytic effect could be explained
by the equine origin of the MPO, which resulted in in-
creased specificity of the reaction, and by the capacity
of MPO to produce hypochlorous acid (a chlorination
agent) and other reactive species that are able to per-
form nitration and nitrosation. Chemical modifications
induced by MPO could alter the electron transport
chain in mitochondria. Furthermore, after exposure of
cells to conditions of anoxia and reoxygenation, peroxi-
dase treatment, and 3 washes, MPO or HRP was present
on the surface of the cells, indicative of a strong interac-
tion between the enzymes and the cells. The peroxidas-
es also increased ROS production by the cells that were
not exposed to anoxia and reoxygenation, but these in-
creases remained modest, compared with the increases
detected in the anoxic-reoxygenated cells.

In horses engaged in strenuous exercise, altera-
tions of mitochondria and inflammatory reaction seem
to be localized in muscles. Recently, an investigation®
by our group highlighted that after an endurance race,
active MPO is present in equine skeletal muscle and
that its activity increases in association with an increase
of plasma CK activity, an indicator of muscle dam-
age. These results reflect findings of recent studies,'*"
which indicated that the concentrations of 2 inflam-
matory markers, MPO and elastase, increase both in
plasma and muscle and are correlated with an increase
in plasma CK activities after an endurance race in hors-
es. Furthermore, in all the horses participating in the
endurance race, a significant negative correlation was
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found between CK activity and mitochondrial complex
I activity and there was evidence of a possible negative
relationship between MPO activity and mitochondrial
complex I activity, suggesting a potential link of MPO
activity with mitochondrial function and muscle dam-
age.”® In another study® by our group, significant al-
terations in mitochondrial respiratory function in re-
sponse to endurance training and endurance racing
were identified in muscle microbiopsy specimens via
high-resolution respirometry.

On the basis of these findings in horses undergoing
intense exercise, it appears that damaging conditions
combine to induce mitochondrial alterations, perhaps
through the action of neutrophils and their degranulat-
ed enzymes, which could be responsible for oxidative
damage occurring in skeletal muscle. Because mito-
chondria are one of the most important sources of ROS
and because the increase of oxygen flow to hypoxic
muscles and the subsequent increased mitochondrial
electron flux induce a consequent ROS production, we
hypothesized that mitochondria themselves became a
target and a vicious circle was initiated (ie, increase in
ROS production in parallel with an increase of oxida-
tive mitochondrial damage).”

Results of the present study have indicated that the
technique of microbiopsy sample collection is less in-
vasive than conventional muscular biopsy procedures,
and the use of cultures of equine skeletal myoblasts ap-
pears to be a useful experimental system in which to
study equine muscle cells in vitro. By use of cultured
myoblasts and their exposure to conditions of anoxia
and subsequent reoxygenation and the activity of a
neutrophil oxidant enzyme, it was possible to investi-
gate the combined effects of neutrophils and anoxia-
reoxygenation processes on oxidative stress and poten-
tial mitochondrial alterations in muscle tissue of hors-
es. The method described in this report may provide an
in vitro tool with which to better understand underly-
ing pathophysiologic mechanisms involved in exercise-
induced muscle damage in athletic horses in vivo.

®

PRO-MAG Ultra Automatic Biopsy Instrument and Biopsy Nee-
dles, Angiotech Europe, Lausanne, Switzerland.

Gibco, Invitrogen, Merelbeke, Belgium.

DLF 460R, Clean Air Techniek BV, JA Woerden, The Netherlands.
Nunc A/S, Roskilde, Denmark.

Diff-Quick, Dade Behring, Anderlecht, Belgium.

Axioskoop, Zeiss, Germany.

D70, Nikon, Japan.

Acros Organic, Geel, Belgium.

Merck, Darmstadt, Germany.

Roche, Mannheim, Germany.

Sigma-Aldrich, Steinheim, Germany.

Varian 450-GC Gas Chromatograph, Varian, Sint-Katelijne-
Waver, Belgium.

Porapak T80/100, Sigma-Aldrich, Steinheim, Germany.

Liquid DAB+ Substrate Chromogen System, Dako, Everlee,
Belgium.

0.  GraphPad Prism, version 5.03, SAS Institute Inc, Cary, NC.
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