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ABSTRACT

AIM: The purpose of this trial was to investigate the effect of a well known immunomodulator -interferon beta- on traumatized spinal cord in
terms of biochemical and histopathological features.

MATERIAL and METHODS: Twenty-four rats were used in this trial. The rats were divided into 3 groups. In the first group of rats, spinal
cord injury was created by the weight drop method and interferon beta was administered. In the second group, physiological saline was
administered. Third group was used as control. Rats were sacrificed 24 hours following trauma. Heat shock protein 70 levels were measured in
the spinal cord samples and the samples were examined histopathologically.

RESULTS: When the rats in the physiological saline and control groups were compared to rats treated with interferon beta 1b, those treated
with interferon beta 1b revealed significant increases in the heat shock protein 70 levels in tissues, and histopathological examination revealed
decreases in polymorphonuclear leucocyte infiltration, haemorrhage, oedema and necrosis.

CONCLUSION: Although, the results of the study indicated that interferon beta might have some healing effects via increasing the cellular
heat shock protein 70 on spinal cord injuries, more studies are needed.

KEYWORDS: Heat shock protein 70, Interferon beta, Spinal cord injury

06z
AMAC: Bu calismanin amaci, immunomodulator oldugu bilinen interferon betanin travmaya ugramis omurilikteki etkisini biyokimyasal ve
histopatolojik olarak arastirmaktir.

YONTEM ve GEREGLER: Bu calismada, 24 adet rat kullanildi. Ratlar rastgele 3 gruba ayrild\. Birinci gruptaki ratlarda agirlik diisiirme yéntemi
ile omurilik travmasi olusturularak interferon beta verildi. ikinci gruptaki ratlarda serum fizyolojik verildi. Uctincii grup kontrol olarak kullanildi.
Denekler travmadan 24 saat sonra sakrifiye edildi. Alinan omurilik drneklerinde isi sok proteini 70 diizeyleri 6lcilldi ve 6rnekler histopatolojik
olarak incelendi.

BULGULAR: interferon beta 1b ile tedavi edilen ratlarda doku diizeyinde 1si sok proteini 70 diizeyinin serum fizyolojik verilen ratlara ve
kontrollere gore belirgin olarak arttigi ve histopatolojik olarak polimorfoniklear 16kosit infiltrasyonun, hemorajinin, 6demin ve nekrozun
azaldig1 gozlendi.

SONUG: Calismadan elde edilen veriler, interferon betanin travmatik omurilik yaralanmasinda hticre seviyesinde 1si sok proteini 70 i artirarak
iyilestirici etkisi olabilecegini gostermekle beraber daha ileri calismalara ihtiyag vardir.

ANAHTAR SOZCUKLER: Isi sok proteini 70, interferon beta, Omurilik yaralanmasi

INTRODUCTION axons, blood vessels and cell membranes. This primary me-

Despite significant advances in medical and surgical treat-
ment, and enhanced comprehension of pathophysiology in
spinal cord injuries, an effective treatment to prevent or treat
the loss of functions due to spinal cord injuries has not been
discovered yet. The pathophysiology of spinal cord injury
starts with a primary mechanical injury which destroys the
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chanical injury is followed by a second injury phase during
which vascular destruction, oedema, ischemia, exitotoxicity,
electrolyte instabilities, production of free radicals, inflamma-
tion and late apoptotic cell death are observed. Since primary
injury is inevitable, studies concentrate on preventing sec-
ondary injuries (3, 10, 15, 17).
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Heat shock proteins are molecular structures that are located
in intracellular compartments of all cells. They are found in the
mitochondria and endoplasmic reticulum of cells (11). During
stress situations at cellular level, these proteins are increased
in number and they assist in increasing the cellular stability
and maintaining survival by enabling appropriate folding
of proteins. It was suggested that in spinal cord injuries,
heat shock protein 70 binds to Apaf-1 and inhibits caspase
9 activation, and it also inhibits apoptosis by playing a key
role in the regulation of secondary injury mechanisms (11).
In addition, heat shock protein 70 displays an effect on the
regulation of the inflammatory response, which is one of the
secondary injury mechanisms (4, 7, 8, 11, 21, 22).

Interferon plays a role in the activation of a number of func-
tions in the immune system and the inflammatory response
and it has been reported to assist in maintaining tissue integ-
rity in loci of lesions after spinal cord injuries (6). In this trial,
we investigated the role of heat shock protein 70 on clarifying
the mechanism of action of interferon.

MATERIAL and METHODS

This study was conducted at the Medical Experimental
Research Center, Ataturk University. The Ethical Committee
of Ataturk University approved the study protocol. All
procedures were performed in accordance with the National
Institute of Health Principles of Laboratory Animal Care.

In this trial, 24 male Sprague-Dawley rats, weighing 190-
220gr, were used. The rats were randomly divided into three
groups, namely the interferon group, the physiological saline
group and the control group. Prior to the trial, the rats were
kept under laboratory conditions at 20-24°C and subjected
to sleep/wake cycles, with no limitations in food and water
for 10 days. After a 6-hour fasting period, the neurological
scores and weights of all subjects were recorded prior to the
surgical procedure. General anesthesia was administered to
all subjects by intraperitoneal 25mg/kg thiopental sodium
(Pental Sodyum, i.E. Ulagay, Istanbul, Turkey) and the rats
were placed in the prone position. Following skin incision
at the T6-T11, the paravertebral muscles were dissected and
laminectomy was performed between T7 and T10. No trauma
was created in the control group. In the remaining groups,
spinal cord injury with a power of 50gr-cm was implemented
using the weight-drop method while the dura was intact.
After surgical and trauma interventions, the layers were
closed appropriately. In the interferon group, two doses of
interferon beta 1b (IFNB1b )(betaferon, Schering, Istanbul,
Turkey) was administered, one dose of 10.000.000 U i.p. given
immediately after trauma and a second dose of 5.000.000
IU i.p. 4 hours after trauma. The functional evaluations were
performed 24 hours following surgery. In the functional
clinical evaluation, the scala described by Tarlov was used
for the subjective clinical evaluation (14) and the oblique
plane method of Rivlin and Tator (12) was used for the
objective clinical evaluation. The rats were then sacrificed
by administration of 50mg/kg thiopental sodium and spinal
cord tissue samples containing at least 1 cm of trauma region
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were obtained. A portion of these spinal cord samples was
immersed in liquid nitrogen and placed in the deep freeze at
-80 C° for biochemical examination. The remaining samples
were placed in 10% formaldehyde for histopathological
examination.

Among the sample blocks which were separately labelled
and immersed in paraffin, a minimum of 4 cross-sections
of 4 micron were prepared and these were stained with
hematoxylin-eosin. The prepared samples were examined
under BX.50 Olympus light microscope with Sony DXC-
390P camera attached. Neuron degeneration, haemorrhage,
oedema and inflammatory cell ratios in preparations were
examined by modifying according to the scala developed by
Wahl et al. (19). In the scoring of injury, the ratio of injured
region to the whole area was calculated and scoring was
made as follows: 0 point in case of no injury, 1 point for injury
of less than 25%, 2 points for injuries between 25%-75%, and
3 points for injuries between 75%-100%.

For biochemical examination, the tissue was placed in a
mortar and pulverized by a hammer. An appropriate volume
of commercial kit Extraction Reagent was added to the tissue,
which is manufactured to produce rat heat shock protein 70,
to which protease inhibitor was added. Tissue suspension
was mixed to obtain a homogenous solution. The extract
was transferred to a polypropylene tube and centrifuged for
10 minutes at 21000g in microfuge at 4°C. The supernatant
rat heat shock protein 70 was analyzed by the ELISA kit and
calculated per wet tissue; hence, the results were provided as
heat shock protein 70 gr/wet tissue.

The windows compatible SPSS ( version 13.0) program was
used for the statistical analysis. The Mann-Whitney U test
was used for analysis of binary comparisons of the obtained
HSP 70 and the objective examination findings, while triple
comparisons were performed by the Kruskal Wallis test.
Histopathological and subjective examination values were
analyzed using the Chi-square test. Meantstandard error
(Mean+SEM) was used. In the inter-group correlations, a p
value of <0.05 was accepted as significant.

RESULTS

Upon evaluation of subjective examination findings after
24 hours, considerable improvement was seen in the
neurodeficits in the group treated with interferon when
compared to the physiological saline group, and comparison
of the scores of both groups revealed a statistically significant
difference (p<0.01). According to evaluation of objective
examination after 24 hours, trauma was observed to
considerably decrease the degree of the oblique plane when
compared to control group (p<0.05). On the other hand, it
was determined that treatment with interferon beta (IFNf)
did not increase the degree of the oblique plane.

In the physiological saline group, haemorrhage, oedema,
neuron degeneration and a significant increase in
inflammatory cells were observed in the histopathological
evaluation (Figure 1).In the interferon group, oedema, neuron
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degeneration and a considerable increase in inflammatory
cells were determined (Figure 2). A statistically significant
difference was found when these two groups were compared
(p<0.05).

In the biochemical evaluation, the heat shock protein 70 level
was found to be significantly increased in the physiological
saline group when compared to the control group. A
statistically significant difference was found between the two
groups (p<0.05). The heat shock protein 70 level was found
to be significantly increased in the interferon group when
compared to the physiological saline and the control groups
(p<0.05). The mean heat shock protein 70 levels of three
groups have been presented in (Figure 3).

DISCUSSION

As a result of spinal cord injuries, many patients are confined
to bed or become dependent on other individuals, or they
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Figure 1: Appearance of spinal cord cross-section in the physi-
ological saline group under the light microscope (Hematoxylin-

Eosin 20X).
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Figure 2: Appearance of spinal cord cross-section in the inter-
feron group under light microscope (Hematoxylin-Eosin 20X).
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may even lose their lives. A number of trials have been
performed since many centuries, starting from ancient
Egypt until today, to overcome this critical situation with
negative psychological, economical and social implications,
and the neurological sciences community has not been able
to develop a universally accepted treatment protocol and
it is still not possible to prevent the complications of these
injuries.

It is impossible to prevent the primary injury. Therefore,
treatment strategies in spinal cord injuries concentrate on
prevention of secondary injury (3, 15). However, currently,
there is no universally accepted treatment protocol with
proven neuroprotective efficacy in clinical practice.

In this trial, IFNB1b was used, which is in clinical use with
proven efficacy in decreasing relapse and remissions in the
treatment of multiple sclerosis (18). The neuroprotective
efficacy has been targeted to be achieved with this treatment
by decreasing apoptosis, oedema and inflammation at
tissue level during the secondary injury process after spinal
cord injuries. Based on the hypothesis that IFNB exerts this
neuroprotective effect by further increasing the heat shock
protein 70 levels in the intracellular compartment, which
normally show an increase under stress conditions, the
correlation between IFNB1b and the heat shock protein 70
level was analyzed.

Heat shock protein 70 is present in structures of all cells
and they play an important role in survival. They assist in
appropriate folding and stabilization of intracellular proteins,
help in transferring of proteins in the endoplasmic reticulum,
in the mitochondria and in the cytoplasm, and last of all, they
improve the cellular stability by inhibiting the inappropriate
proteins in cells under stressful conditions (5, 11, 20).

The cellular protective effect of heat shock protein 70 is not
solely due to stabilization of protein structures; it has also
been reported that they provide contribution to antiapoptotic
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Figure 3: Mean heat shock protein 70 levels in the three groups.
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and anti-inflammatory processes. Heat shock protein 70
inhibits the caspase-9 activation through binding to Apaf-1;
thus, caspase-3 is not activated due to caspase-9 inactivation
and the apoptotic process is interrupted. In addition to this
mechanism, it has been suggested that heat shock protein
70 prevents apoptosis by increasing the secretion of bcl-2
protein, an antiapoptotic protein which inhibits the secretion
of apoptosis induction factor by the mitochondria (2, 5, 20,
21).

Heat shock protein 70 also shows an anti-inflammatory
effect by decreasing the tumor necrosis factor-alpha level,
a protein which increases the transfer of inflammatory cells
to loci of the lesion (21). In a trial conducted by Gok B et al.
(6), it was shown that IFN3 administered after spinal cord
injuries had decreased the inflammation at the site of the
lesion and this finding was further supported by the decrease
of the myeloperoxidase (MPO) level in the loci of lesion.
Unfortunately, no information on the anti-inflammatory
mechanism of IFN was provided in this trial. In view of these
data, we hypothesized that the antiapoptotic and the anti-
inflammatory mechanisms of action of IFNB1b may be due to
an increase in the heat shock protein level, and by measuring
the heat shock protein 70 level after spinal cord injuries, we
analyzed the correlation between IFNB1b and the heat shock
protein 70 level.

In the trial performed by Ohta S et al,, the neuroprotective
effects of edaravone were investigated in young adult male
Sprague-Dawley rats, after creating a spinal cord injury by
the weight drop model. The functional analysis process was
implemented weekly for 6 weeks and in the Basso-Beatie-
Bresnahan(BBB) locomotor evaluation, the BBB scores were
found to be higher in subjects treated with edaravone when
compared to the control group (9). In our trial, spinal cord
injury was created by the weight drop model and objective
evaluation of subjects to whom IFNB1b was administered
as a neuroprotective agent showed that after 24 hours,
no significant difference was present when compared to
the trauma group. Therefore, it was concluded that even
though no early functional improvement was present,
neuroprotective agents may show functional improvement
after several weeks.

In a trial conducted by Gok B et al., 5 groups were constituted,
each containing 8 rats. Experimentally, a pressure with a
power of 50gr/cm was implemented onto the rat spinal
cords using the weight drop method and a spinal cord
injury was created; the IFNB group, the methylprednisolone
sodium succinate (MPSS) group and the other groups were
comparatively evaluated 24 hours after trauma. In the
post-traumatic biochemical analysis, it was observed that
myeloperoxidase (MPO) and lipid peroxidation (LPO) levels
decreased significantly in the MPSS and in the IFNB groups
when compared to the control group, but IFN3 was found
to be more effective in this regard. In the histopathological
evaluations, an almost normal structure was determined in
the spinal cords, apart from mild haemorrhage, oedema and
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necrosis. In conclusion, this trial performed by Gok B et al.
showed that IFN administration in rats improved the clinical
results and that decreasing the MPO and LPO levels were
effective in preserving the spinal cord structures (6).

In the present trial, 24 hours after experimental spinal cord
injury in rats realized using the weight drop method, the
biochemical findings of spinal cord samples showed that
the heat shock protein 70 level significantly increased in the
IFNB1b group when compared to the trauma group and this
effect led to a decrease in apoptosis during the secondary
injury process and resulted in a mild prognosis of spinal cord
injury. We believe that the increase in the heat shock protein
70 level determined following administration of IFNB1b after
trauma provides a contribution in preserving the spinal cord
structure, rather than the decrease in MPO and LPO levels, as
indicated in the trial conducted by Gok B et al (6). Similarly, in
our trial, a decrease in neutrophil infiltration, haemorrhage,
oedema and necrosis were observed in the interferon group
on the histopathological examination. Upon evaluation of the
subjective examination findings, a significant improvement
was seen in the neurodeficits in the group treated with IFN
and the results were statistically significant p=0.001 ( p<0.05).
On the other hand, in the objective evaluation, it was shown
that IFN treatment did not increase the degree of the oblique
planes.

In a trial conducted by Awad H et al. on 9 cross-bred dogs,
an ischemic-reperfusion spinal cord injury was created by
clamping the 4., 5., 6., and the 7. intercostal arteries and
by clamping the aorta distal to the subclavian artery for 60
minutes; cerebrospinal fluid samples were evaluated for three
days and it was shown that the extracellular heat shock protein
70 level in the cerebrospinal fluid increased 5.2-times while
the extracellular heat shock protein 70 levels in the plasma
did not change (1). This trial also indicated that the increase
in the heat shock protein 70 levels under stress conditions is
the defense mechanism at cellular level, and based on this
view, excessive secretion of heat shock protein 70 in cases of
spinal cord injuries led to increased neuroprotective efficacy.
We tried to imitate this situation in our trial and found that in
rats treated with IFNB1b after trauma, the heat shock protein
70 level increased approximately 2-times and the results were
found to be statistically significant.

In a trial conducted by Uchida S et al., cerebral ischemia was
created on 32 wistar rats by occlusion of the medial cerebral
artery. They evaluated the effect of geranylgeranylacetone
(GGA) on cerebral ischemia in groups, each composed of 8
rats and they determined that GGA provided neuroprotective
efficacy by increasing heat shock protein 70 in the rat brain
tissue (16). In our trial, we observed that IFN1b treatment
after spinal cord injury increased the heat shock protein 70 at
the sites of lesion and we reasoned that the neuroprotective
efficacy may be due to this increase.

In the trial performed by Shin Y et al., spinal cord ischemia
was created in 32 New Zealand white rabbits by clamping of
the aorta for 25 minutes, and the neuroprotective effects of
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cyclosporine A on ischemic spinal cord injury was evaluated
in groups, each composed of 8 rats. The Tarlov score was
observed to be higher in rats in the cyclosporine A group
which were sacrificed on day 7, when compared to the control
group with no cyclosporine A and sacrificed on day 7 (13).
Similarly, in our group, in which the neuroprotective agent
IFNB1b was administered, the Tarlov scores after 24 hours
were found to be higher than that of the trauma-only group
which did not receive IFNB, and the difference was statistically
significant (p=0.001). In the rabbit model of ischemic spinal
cord injury performed by Shin Y et al., it was concluded that
administration of cyclosporine A to subjects increased the
levels of heat shock protein 70 and nNOS (neuronal nitric
oxide synthetase), which in turn led to a decrease in the
neurological deficits (13). Similarly in our trial, we believe
that IFNB1b treatment provides its neuroprotective effect
by exerting an excessive increase in heat shock protein 70
release at tissue level after spinal cord injury.

CONCLUSION

In view of the biochemical and histopathological evaluations,
decreases in post-traumatic haemorrhage, oedema, PNL
infiltration and tissue necrosis in spinal cords of rats treated
with IFNB and the significant increase in the heat shock
protein 70 levels indicate that IFN plays an important role in
the neuroprotective effect. These significant results will shed
light on future clinical trials.
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