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Summary

Background. An increase in the level of intracellular
calcium activates the calcium-dependent neutral pro-
tease calpain, which in turn leads to cellular dysfunc-
tion and cell death after an insult to the central nervous
system. In this study, we evaluated the effect of a calpain
inhibitor, AK 295, on spinal cord structure, neurologic
function, and apoptosis after spinal cord injury (SCI) in
a murine model.

Methods. Thirty albino Wistar rats were divided
into 3 groups of 10 each: the sham-operated control
group (group 1), the spinal cord trauma group (group
2), and the spinal cord trauma plus AK 295 treatment
group (group 3). After having received a combination
of ketamine 60 mg/kg and xylazine 9 mg/kg to induce
anesthesia, the rats in groups 2 and 3 were subjected
to thoracic trauma by the weight drop technique (40
g-cm). One hour after having been subjected to that
trauma, the rats in groups 2 and 3 were treated with
an intraperitoneal injection of either dimethyl sulfoxide
2 mg/kg or AK 295 2 mg/kg. The effects of the injury
and the efficacy of AK 295 were determined by an
assessment of the TUNEL technique and the results of
examination with a light microscope. The neurologic
performance of 5 rats from group 2 and 5 from group 3
was assessed by means of the inclined plane technique
and the modified Tarlov’s motor grading scale 1, 3, and
5 days after spinal cord trauma.

Findings. Light-microscopic examination of spinal
cord specimens from group 2 revealed hemorrhage,
edema, necrosis, and vascular thrombi 24 hours after
trauma. Similar (but less prominent) features were seen
in specimens obtained from group 3 rats. Twenty-four
hours after injury, the mean apoptotic cell numbers in
groups 1 and 2 were zero and 4.57 = 0.37 cells, respec-
tively. In group 3, the mean apoptotic cell number was
2.30 £ 0.34 cells, a value significantly lower than that in
group 2 (P < .05). Five days after trauma, the injured
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rats in group 2 demonstrated significant motor dysfunc-
tion (P <.05). In comparison, the motor scores exhibited
by group 3 rats were markedly better (P <.05).

Conclusions. AK 295 inhibited apoptosis via calpain-
dependent pathways and provided neuroprotection and
improved neurologic function in a rat model of SCI.
To our knowledge, this is the first study to evaluate
the use of AK 295, a calpain inhibitor, after SCI. Our
data suggest that AK 295 might be a novel therapeutic
compound for the neuroprotection of tissue and the
recovery of function in patients with a SCI.

KEY WORDS: AK 295. Apoptosis. Calpain inhibitor.
Secondary damage. Spinal cord trauma.

El inhibidor de la calpaina AK 295 inhibe la apoptosis
inducida por calpaina y mejora la funcién neurolégica
tras traumatismo medular en ratas

Resumen

Introduccion. Una lesion en el sistema nervioso
central origina un incremento en los niveles de calcio
intracelular que activa la proteasa neutral calcio-
dependiente calpaina, que a su vez conduce a la pro-
duccion de disfuncion y muerte celular. En este estudio
evaluamos el efecto de un inhibidor de la calpaina, AK
295, sobre la estructura de la médula espinal, la fun-
cion neurologica y apoptosis tras lesion medular en un
modelo murino.

Meétodos. Treinta ratas Wistar se dividieron en tres
grupos de 10 ratas cada uno: Un grupo control (grupo
1), un grupo sometido a trauma espinal (grupo 2) y un
grupo de ratas a las que se someti6 a trauma medular
y tratamiento con AK 295 (grupo 3). Después de reci-
bir una combinacion de ketamina 60mg/kg y xylazina
8mg/kg para la induccion anestésica, las ratas del grupo
2 y 3 fueron sometidas a trauma medular toracico
mediante la técnica de caida de peso (40 g-cm). Una
hora después de haber sufrido el traumatismo, las ratas
del grupo 2 y 3 fueron tratadas mediante una inyeccion
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intraperitoneal bien de dimetil-sulf6xido 2mg/kg o de
AK 295 2 mg/kg. Los efectos del traumatismo y la
eficacia de AK 295 fueron determinados mediante la
estimacion de la técnica TUNEL y los resultados del
examen del tejido mediante microscopia optica. La
funcién neurolégica de 5 ratas del grupo 2 y 5 del grupo
3 fue estimada mediante la técnica del plano inclinado
y la escala motora de Tarlov modificada a 1, 3 y 5 dias
desde el traumatismo medular.

Resultados. El estudio mediante microscopia optica
de las preparaciones de médula espinal del grupo 2
demostro la existencia de hemorragia, edema, necrosis
y trombosis vascular 24 horas tras el traumatismo.
Hallazgos similares pero menos importantes se encon-
traron en las preparaciones procedentes del grupo 3.
Veinticuatro horas tras el trauma, el nimero medio de
células apoptoticas en los grupos 1y 2 fueron cero y 4.57
+ 0.37 células respectivamente. En el grupo 3, el nimero
medio de células apoptoéticas fue de 2.30 + 0.34 células,
un valor significativamente menor que en el grupo 2 (p
< 0.05). Cinco dias tras el traumatismo, las ratas lesio-
nadas en el grupo 2 demostraron una significativamente
mayor disfuncion neurolégica (p<0.05). En compara-
cién, la puntuacién motora que exhibieron las ratas del
grupo 3 fue marcadamente mejor (p < 0.05).

Conclusion. AK 295 inhibe la apoptosis a través de
vias calpain-dependientes y provee neuroproteccién y
consigue una mejor funcién neurolégica en el modelo de
lesion medular traumatica en la rata. En nuestro cono-
cimiento, este es el primer estudio en evaluar el uso de
AK 295, un inhibidor de la calpaina, tras lesion medular
traumatica. Nuestros datos sugieren que AK 295 podria
ser un nuevo compuesto terapéutico capaz de ofrecer
neuroproteccion tisular y recuperacion funcional en
pacientes con lesiéon medular traumatica.

PALABRAS CLAVE: AK 295. Apoptosis. Inhibidor de la
calpaina. Lesion secundaria. Lesion medular traumatica.

Introduction

Any type of trauma to the spinal cord causes significant
primary and secondary damage. Secondary damage has
been shown to induce the excessive release of excitatory
amino acids and to cause intracellular calcium overload,
the induction of free-radical-induced lipid peroxidation,
and apoptosis (programmed cell death)*#’. Apoptosis is an
actively regulated response that occurs after various cells
have been subjected to external or internal stimuli. Recent
experimental studies and clinical observations have revea-
led that spinal cord lesions are greatly exacerbated by apo
ptosis! 1213131819224 “However, the molecular and cellular
mechanism of apoptosis is still not fully understood. The
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involvement of the caspases in apoptotic cell death does
not exclude a role for other families of proteases such as
calpains®. Both caspases and calpains are members of a
group of proteases; the former is a calcium-independent
protease, and the latter is a calcium-dependent protease.
Laboratory findings and clinical evidence have suggested
that caspases and calpains have an important role in the
progression of programmed cell death and that multiple
molecular pathways can lead independently to that type of
cell death'>?2432 The activation of 1 protease can lead to
the cleavage and activation of additional enzymes of the
same or other proteases, and an amplified protease cascade
results®.

In the CNS, calpain (which was discovered by Guroff)
exists as an inactive pro-enzyme in the cytosol of resting
cells'®. It regulates the cytoskeleton, signal transduction,
and metabolic pathways of healthy cells, and calcium is
an essential ion for the activation of these cysteine protea-
ses™!®. Increased calpain activation has been implicated not
only in SCI but also in CNS-degenerative processes inclu-
ding Alzheimer’s disease, Parkinson’s disease, cerebral
ischemia, and traumatic brain injury®?7373%4¢  Blomgren
and colleagues’ investigated the synergistic activation of
caspase 3 by m-calpain after neonatal cerebral hypoxia-
ischemia in rats and suggested the presence of a direct link
between the early calcium-mediated activation of calpain
and the subsequent activation of caspase-3 that leads to a
tentative pathway of pathologic apoptosis. Banik and colle-
agues® introduced the calpain theory of CNS tissue des-
truction that occurred in rat spinal cord after impact injury.
In a rat SCI model, Ray and colleagues®** demonstrated
an increased expression and activity in the calpain that is
involved in apoptosis. The increase in intracellular free
Ca*? that occurs immediately after an SCI triggers the upre-
gulation of cysteine proteases and activates calpains®!7-285!,
Schumacher and colleagues® demonstrated that significant
calpain activation occurs within 15 minutes after experi-
mentally induced SCI. Calpain activation also leads to the
upstream of the caspase-3 that is involved in apoptotic cell
death after SCI in rats*>. Nakagawa and colleagues? descri-
bed a new mode of caspase activation in which calpain is
required for caspase-12 activation. They suggested that this
novel pathway of calpain-mediated activation is induced
by a disturbance in the intracellular calcium concentration.
Calpain-mediated apoptosis occurs at least 4 to 6 hours
after injury.

Usually, calpains are regulated by an endogenous cal-
pain-specific inhibitor known as calpastatin. However, in
pathologic conditions such as SCI, the targeting of the cal-
pain (with or without caspase) cascade to prevent apoptosis
remains a potential therapeutic strategy. Researcher has
shown that blocking apoptosis with inhibitors of calpains
or caspases improves neurologic outcome in subjects with
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an SCI"1219313234 Ray and colleagues® investigated the
therapeutic efficacy of E-64-d, a calpain inhibitor, in SCI in
a rat model. Those authors showed that the administration
of the calpain inhibitor prevented apoptosis and restored
the transcription of the genes for proteolipid protein and
myelin basic protein. They concluded that E-64-d may
provide functional protection in patients with an SCI.
The anti-inflammatory agent methylprednisolone inhibits
calpain and provides effective neuroprotection against cal-
pain-mediated apoptosis in rats with an SCI**.

AK 295, which is considered to be an antiapoptotic
agent that counteracts the effects of calpains, has been
reported to have a role in the treatment of a variety of
pathologic CNS conditions (including trauma and brain
ischemia) induced in an experimental setting®*®. They
showed that AK 295 provided significant neuroprotection
of brain tissue and attenuated motor and cognitive deficits.
The purpose of our study was to evaluate the effect of AK
295 on apoptosis and the recovery of motor function in a
well-known rat model of SCI. To our knowledge, this is the
first use of AK 295 after SCI.

Materials and methods

Preparation of animal subjects

Thirty albino Wistar rats (weight, approximately 250-
300 g) were used throughout the study. The rats were
anesthetized with a combination of ketamine 60 mg/kg
and xylazine 9 mg/kg. A longitudinal incision was made
on the midline of the back, and the paravertebral muscles
were dissected to expose vertebrac T8 to T10. A 3-level
(T8-T10) laminectomy was performed to expose the spinal
cord with the dura matter intact. Spinal cord injury was pro-
duced in the rats in groups 2 and 3 as described below. The
layers were closed with 3/0 silk. During the surgical pro-
cedure and recovery from anesthesia, the rats were heated
with a pad and a lamp to maintain their body temperature at
37°C. They were then returned to their colony cage.

Experimental protocol

The rats were randomly divided into the following 3
groups of 10 each:

Group 1 (The sham-operated group). In each rat, a skin
incision was made, and paravertebral muscle dissection,
laminectomy, and closure of the anatomic layers were
performed as described above. Twenty-four hours after
surgery, 5 animals were reanesthetized as stated previously.
The chest of each rat was opened, and via the intracardiac
route, perfusion with 200 mL of serum physioloque was
performed, after which the rats was fixed with 200 mL of
neutral formaldehyde 10% solution according to the stan-
dard protocol. The dorsal region of each rat was reopened.
The epicenter and 3 mm of tissue from the adjacent (rostral
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and caudal) regions of the spinal cord (a total about of 2
cm) were excised and harvested for examination via light
microscopy and TUNEL staining. The remaining 5 animals
were assessed 24 hours, 3 days, and 5 days after that proce-
dure. At the end of 5 days, these 5 rats were reanesthetized
and underwent perfusion and fixation as described before.
Their spinal cord segments were removed and harvested for
examination via light microscopy and TUNEL staining.

Group 2 (The trauma group). Laminectomies in group
2 rats were performed those in group 1 animals. Each rat
was subjected to the thoracic trauma described below and
was treated with 2 mg/kg dimethyl sulfoxide (DMSO).
Five rats were killed 24 hours later, and their spinal cord
samples were collected and processed as described above
for group 1 animals. The remaining 5 rats were assessed for
neurologic performance and were then killed, after which
harvesting was performed 5 days after injury, as in group
1.

Group 3 (The trauma plus AK 295 treated group). Each
rat in group 3 underwent laminectomy and was subjected
to the spinal cord trauma described. AK 295 (Calbiochem
GmBH; Med-Lab, Istanbul, Turkey) was dissolved in
DMSO. One hour after trauma, the rats were treated with
intraperitoneally administered AK 295 2 mg/kg, and that
dose was repeated 24 hours after the trauma. The animals
were sacrificed, and spinal cord samples were removed and
prepared as stated above. Functional recovery assessments
were performed as described in the other groups. Then
the rats were killed and harvesting was performed in the
manner described in groups 1 and 2.

Spinal cord injury model

SCI was induced via the drop-weight technique of
Allen, which has been described previously in detail'. After
thoracic laminectomy had been performed, a trauma of 40
g-cm was applied to each subject’s spinal cord when a 4-g
weight was dropped from a 10-cm height through a tube
onto the exposed spinal cord.

Neurologic assessment

The neurologic status of animals was scored by asses-
sing hind-limb neurologic function 24 hours, 3 days, and
5 days after SCI. Hind-limb function was assessed via the
inclined plane technique of Rivlin and Tator* and with the
following modified version of Tarlov’s grading scale®:
grade 1, no voluntary hind-limb movement; grade 2, mini-
mal movement but no ability to stand; grade 3, the ability to
stand but the inability to walk; grade 4, the ability to walk
with mild spasticity or incoordination of the hind limbs;
and 5, the ability to walk normally.

Histopathologic examination
The spinal cord specimens were obtained both 24 hours
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and 5 days after trauma. The samples were fixed in a 10%
neutral formaldehyde solution and were embedded in para-
ffin. Three serial sections were taken from the epicenter of
the injury site and from an area 3 mm rostral to and 3 mm
caudal to the epicenter. Tissue sections (thickness, 5p) were
cut transversely and were stained with hematoxylin and
eosin before analysis was performed by means of a light
microscope.

Detection of apoptotic cells

To detect apoptosis, we used a Frag EL™ DNA Frag-
mentation Colorimetric Detection Kit (Oncogene Research
Products, San Diego, California, USA). This kit enables
the identification of apoptotic nuclei in paraffin-embedded
tissue sections via the end-labeling (FragEL) of DNA. To
compare the extent of apoptosis after SCI in groups 2 and
3, all apoptotic cells were counted on TUNEL-stained sec-
tions from each of those 2 groups (n = 5). Sections were
obtained from the epicenter (the impact site) and from 3
mm rostral to and 3 mm caudal to that area both 24 hours
and 5 days after SCI. Cell counting was performed in 15
fields (5 rostral to the injury, 5 caudal to the injury, and 5 at
the epicenter of the injury) per rat on the TUNEL-stained
sections from each of those groups A blinded researcher
counted all TUNEL-positive cells in these 15 fields, and
then calculated an average count per field for each animal
without discriminating between the white and the gray
matter under high-power fields (original magnification
x40) via light microscopy. The mean count per field for
each set of specimens (24 hours and 5 days) in each group
was calculated and compared.

Statistical analysis

The results of quantitative studies were expressed as
the mean = SD. Statistical comparisons between the groups
were performed by means of the Kruskal-Wallis test and
the Mann-Whitney U test. A P of < .05 was considered
significant.

Results

Histopathologic examination

When examined with a light microscope, the spinal
cord tissue from group 1 both 24 hours and 5 days after sur-
gery revealed findings within normal limits, as expected.
The group 2 tissue obtained 24 hours after trauma revealed
diffuse hemorrhage, widespread edema, and focal necrosis
in both gray-matter and white-matter regions, (especially
in the gray-matter regions; Figure 1A). The severity of the
trauma was prominent at that time. Significant damage was
noted, and edema and hemorrhage in the dorsal surface of
the spinal cord at the perilesional level were evident. A sig-
nificant loss of myelin and axons was also observed in the
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Figure 1. Trauma-exposed rats; group 2: A) A photomi-
crograph of the white matter 24 hours after injury reveals
widespread hemorrhage and edema with focal fibrinoid
necrosis (hematoxylin-eosin stain, original magnification
x40). B) A photograph of the gray-white mater junction
region 5 days after injury shows severe vacuolar cystic
defects and nerve fiber necrosis. Note the hemorrhagic and
edematous areas with an extensive infiltration of polymor-
phonuclear leucocytes and macrophages (hematoxylin-
eosin stain, original magnification x10).

white matter. The specimens obtained 5 days after trauma
showed cystic vacuolar degeneration, vascular thrombi,
and dispersion of the myelin sheaths. Edema and an accu-
mulation of fibrin were also seen throughout the spinal
cord. The traumatized spinal cord was infiltrated with poly-
morphonuclear leucocytes, erythrocytes, and macrophages
(Figure 1B).

Twenty-four hours after injury, the architecture of the
spinal cord in group 3 was better preserved than that in
group 2. In the spinal cord specimens from group 3, there
were moderate hemorrhagic changes, not only in the gray
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Figure 2, A and B. AK 295-treated rats; group 3. A) A
photograph of the gray matter 24 hours after trauma. Note
the multifocal petechial hemorrhage and the mild edema
with focal necrosis in some areas (hematoxylin-eosin stain,
original magnification x40). B) Examination via a light
microscope of the gray-white matter 5 days after trauma
reveals mild cystic vacuolar degeneration and hemorrhage
(hematoxylin-eosin stain, original magnification x40).

matter but also in the white-matter region (Figure 2A).
In contrast to the findings in group 2, edema and focal
necrosis were less prominent. On the fifth day after injury
in group 3, the cellular structures of the spinal cord were
also better preserved than those in group 2 rats (Figure 2B).
There was no widespread edema, but small areas of mild
edema were visible on some slides. Neither large vacuoles
nor vascular thrombi were observed. In some areas of the
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Figure 3, A-C. 4) There were no apoptotic cells in the
spinal cord specimens taken from sham-operated rats
(TUNEL, original magnification %40). B) The number
of apoptotic cell (arrows) increased 24 hours after SCI
(TUNEL, original magnification x40). C) In contrast, only
a few apoptotic cells (arrows) were noted in the spinal cord
specimens obtained from AK 295-treated rats (TUNEL,
original magnification x40).

white or gray matter, a few polymorphonuclear leucocytes
and macrophages were identified. Those findings suggested
that AK 295 treatment significantly improved the histopa-
thologic changes after SCI.

Apoptotic cell count
Almost no apoptotic cells were detected in the spinal
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cord of group 1 rats (Figure 3A). After 24 hours and after 5
days, the tissues obtained from group 2 rats contained dark
brown apoptotic cells and intercellular apoptotic fragments
in both the gray and the white matter of the spinal cord
tissue (Figure 3B). In contrast, specimens obtained from
group 3 rats contained a small number of apoptotic cell or
fragments (Figure 3C). The mean apoptotic cell number in
group 2 rats 24 hours after injury was 4.57 + 0.37 cells, and
that in group 3 rats was 2.30 + 0.34 cells (Figure 4). The
mean apoptotic cell numbers 5 days after injury are shown
in Figure 4.

Neurologic performance

Twenty-four hours after injury, the mean inclined plane
degrees of the animals were 65.0 £ 1.76 in group 1, 42.00
+ 2.09 in group 2, and 46.50 + 2.23 in group 3. On the
fifth day after injury, those values were 65.0 + 1.76, 42.50
+ 1.36, and 50.50 + 2.70, respectively (Figure 5A). The
differences between group 2 and 3 rats were significant in
all time periods after injury (P < .05). Twenty-four hours
after injury, the mean motor grading scores were 5.0 + 0.0
in group 1, 1.0 = 0.0 in group 2, and 1.20 + 0.24 in group
3. The mean motor grading scores after injury are shown in
Figure 5B. The differences in those scores between groups
2 and 3 were significant (P < .05).

Discussion

Our findings indicate that AK 295 produces a beneficial
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Figure 4. 4 graph showing the apopto-
tic cell count. After injury, an increase
in the apoptotic cell number in the
spinal cord samples from group 2 rats
was noted both 24 hours and 5 days
after injury. Treatment with AK 295
significantly reduced the SCI-induced
increase in the number of apoptotic
cells at both time points (P < .05). The
data are the mean + SD.

effect after SCI in a murine model. We noted that the limi-
tation of injury and ultimate recovery differed significantly
in treated rats as opposed to untreated rats. The neuropro-
tective effect of AK 295 involves the inhibition of calpain
and related caspases as well as the stabilization of the cal-
pain-caspase system that is altered after SCI. Calpain acti-
vation, which is an early feature of injury after SCI, occurs
within 15 minutes after the insult, peaks 2 hours later, and
decreases to a value within normal limits 16 to 24 hours
after injury®. For that reason in our experiment, calpain
inhibitor was administered immediately after injury, and its
efficacy was investigated histopathologically both 24 hours
and 5 days after trauma.

A primary injury to the spinal cord causes both mor-
phologic and biochemical changes that initiate secondary
pathophysiologic pathways and destroy CNS cells and
nerve fibers. In living cells, cytoskeletal and membrane
proteins maintain the structural integrity of cells®. Several
mammalian calpains have been identified, most of which
have been shown to contribute cell death®?'#*. An increase
in the intracellular free Ca™ concentration triggers the cal-
pain activation that cleaves many cytoskeletal and myelin
proteins, which eventually results in apoptosis®!"?%5!. The
overactivation of calpain is involved in the pathophy-
siology of neurodegenerative disorders and diseases and
increases the lesion size as time passes after SCI>27-37:3848,
After a primary injury to the spinal cord, the process of
secondary injury progresses over time in the both rostral
and caudal areas; this increases the lesion size and the rate
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Figure 5, A and B. Graphs revealing the effect of AK 295 on hind-limb function after SCI. Operated rats who were subjected
to an SCI exhibited significant deficits in hind-limb movement. Treatment with AK 295 after SCI improved the neurologic
performance of those rats (the values shown are the mean £ SD of 5 rats for each group). A) Inclined plane degrees of rats in
the treatment group were significantly better than those in the trauma group (P < .05). B) Modified Tarlov's grading scores
revealed a similar trend. Treatment with AK 295 resulted in an improvement of scores versus trauma only controls at day
1 through day 5. The results of an analysis of variance test confirmed a significant difference in hind-limb function of the
animals between groups 2 and 3 (P < .05).
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of cell death. Research has shown that calpain is involved
in the mediation of apoptotic cell death, not only in SCI
lesions but also in regions distant from the initial site of
injury®'#23*, Similar results were observed in this experi-
ment and in other studies of caspases that we performed
in our laboratory and that were conducted by other resear-
chers’10-12,

Research has revealed that an SCI evokes an increase in
the intracellular free Ca'? level, which in turn results in the
activation of calpain'”*'. Ray and colleagues® demonstra-
ted an increased calpain expression and activity that are res-
ponsible for neuronal apoptosis after SCI in the rat. Other
researchers have suggested that Ca™ accumulation and
calpain activation are associated with the caspase cascade
leading to apoptosis after SCI'*!731:323951 ‘Increased calpain
expression has been detected in various cells in SCI lesions
as well as in the penumbra after an SCI**#!. Ray and colle-
agues® investigated the relationship between calpain and
caspase-3 in a rat model and clarified the role of both cys-
teine proteases in the pathophysiologic mechanism of SCI.
They concluded that calpain works upstream of caspase in
the mediation of apoptosis after SCI. Similar observations
were noted in a pathologic apoptosis study of neonatal
cerebral hypoxia-ischemia in rats, which was conducted
by Blomgren and colleagues®. Those authors suggested
the existence of a direct link between the early calcium-
mediated calpain activation and the subsequent caspase-3
activation. Nakagawa and colleagues® showed a novel ER-
specific pathway mediated by caspase-12. They revealed
that calpain activation correlates with caspase-12 cleavage
activity that is evoked by the mobilization of the intrace-
Ilular calcium store. The association between the calpain
activity and caspase-12 cleavage was demonstrated in an
experimental study performed by Wootz and colleagues on
the spinal cord of transgenic mice with amyotrophic lateral
sclerosis®. In our study, the apoptotic cell number in group
2 rats 24 hours after injury was significantly increased after
trauma to the spinal cord, and in group 3 rats, that number
was significantly decreased after treatment with AK 295
(4.57 £ 0.37 cells in group 2 versus 2.30 + 0.34 cells in
group 3) (P < .05; Figure 4). Apoptotic cell death was
noted in neurons and glia, not only in the gray matter but
also in the white matter of the injured spinal cord (Figures
1 and 3B). We suggest that trauma to the spinal cord caused
an activation of caspases and an increase in the intracellu-
lar calcium concentration that triggered calpain activation.
Both cysteine proteases then cleaved to each other via the
caspase-3 and caspase-12 pathways, and the result was sig-
nificant apoptotic cell death.

A therapeutic strategy using inhibitors of calpain appears
to be effective in the neuroprotection and functional reco-
very of CNS tissues. Calpastatin is a specific endogenous
inhibitor that regulates the proteolytic activity of calpains
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in mammalian cells®#**. It is a very large molecule that is
not cell permeable. Therefore, it is not a well target in an
anti-calpain treatment. However, calpain inhibitors should
be cell permeable and should also have a higher specificity.
Schumacher and colleagues* investigated the efficacy of
CEP-4143, a p-calpain inhibitor, in an animal model of
experimentally induced SCI. Those authors demonstrated
for the first time that this agent significantly preserved
tissue and improved the behavioral outcome of the study
subjects. AK 295 is a tripeptidyl a-keto amide that stron-
gly inhibits both forms (p and m) of calpain-reversible.
It is lipophilic and is also a selective inhibitor of calpain.
Bartus and colleagues®, who investigated the effect of AK
295 in a model of focal ischemic brain damage, showed
that the intra-arterial administration of that molecule pro-
tected neurons from ischemia. Saatman and colleagues®
investigated the efficacy of AK 295 in a murine model of
experimentally induced traumatic injury. Those investiga-
tors showed that calpain has a role in posttraumatic events.
They also showed that the postinjury administration of AK
295 improved motor and cognitive deficits measured 1
week after injury in the study animals. To our knowledge,
our study is the first to evaluate the effects of AK 295 in
treating SCI. We concluded that AK 295 saved neurons and
maintained their axon-myelin structural unit by preventing
the degradation of cytoskeletal and membrane proteins and
therefore preserved motor function as demonstrated via
assessment with light microscopy and neurologic testing
(Figures 2, 3C, 5).

Conclusion

In our study, the administration of 2 mg/kg of AK 295
after SCI inhibited the activity of calpain and its related
caspases. A decrease in apoptotic cell death and lesion
size resulted, and motor function was maintained because
axon-myelin integrity had been preserved. AK 295, which
has been shown to inhibit calpain activity and aid tissue
recovery, is a promising agent for use in the neuroprotec-
tive treatment of acute SCI in humans. However, further
experimental and clinical studies are needed to determine
the exact protective mechanisms involved.
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