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ABSTRACT

OBJECTIVE: Increased intracellular calcium concentration plays an important role in the secondary mechanism of spinal
cord injury. In the presenting experimental study, we aimed to evaluate the healing effect of barnidipine, which has a high
affinity for L-type calcium channels, on acute spinal cord injury and to compare its effects with those of methylprednisolone.

METHODS: A total of 32 Spraque Dawley albino adult female rats were divided into 4 groups; group 1: sham-operated
(n=8), group 2: only ischemia (n=6), group 3: barnidipine-treated (n=8), and group 4: methylprednisolone-treated (n=6). An
ischemia-reperfusion model was created by clipping the abdominal aorta in the rats. Motor examination was performed 1 hour
after the surgical procedure and before sacrification. Immediately following the second motor examination, rats were sacri-
ficed and tissue samples were taken for histopathological examination and for testing of tissue malondialdehyde (MDA) levels.

RESULTS: A significant correlation of motor examination was found between the sham-operated and barnidipine-treated
groups and the sham-operated and only ischemia groups at the 1t and 24" hour (p<0.008). There was no significant differ-
ence between the only ischemia and barnidipine-treated groups and only ischemia and methylprednisolone-treated groups
(p>0.008). Light microscopic examination of the sham-operated group revealed findings consistent with normal spinal cord
structure. In group 2, 3, and 4, light microscopic examination revealed polymorphonuclear leukocyte infiltration and a small
amount of axonal swelling. There was no significant correlation between the ischemia and barnidipine-treated groups and the
barnidipine and methylprednisolone groups in terms of MDA levels (p>0.008).

CONCLUSION: A single dose of barnidipine (10 mg/kg) and methylprednisolone are not effective and not sufficient to pre-
vent spinal ischemia-reperfusion injury in rats.
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pinal cord injury (SCI) can be divided into primary intracellular calcium play an important role in neuronal
and secondary mechanisms [1]. Increased intracellu-  degeneration following an injury to the central nervous
lar calcium concentration plays an important role in the  system, as has been reported by many studies [3]. Several
secondary mechanism of spinal cord injury (SSCI) [2]. mechanisms including vascular deterioration, increased
Changes in the membrane permeability with respect to  blood-spinal barrier permeability, ionic dysregulation,
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edema, excessive intracellular calcium concentration, glu-
tamate excitotoxicity, lipid peroxidation, an autoreactive
inflammatory reaction, and apoptosis are involved in the
second phase of SCI [4]. Increased intracellular calcium
activates endonucleases and proteases. It also causes
apoptosis, necrosis, acidosis, and mitochondrial dam-
age. As a result, free radicals get increased and eventually
cause axonal damage. Blockage of voltage-dependent cal-
cium channels enhances the preservation of axonal con-
duction following traumatic injury [3].

Calcium channel blockers have been shown to in-
crease blood flow in the spinal cord after trauma in
many studies [5-9]. They regulate microvascularity,
selectively inhibit peripheral vasodilatation by acting
on central nervous system veins and prevent ischemic
deficits. In this manner, they increase the perfusion of
neural tissues. Improved axonal perfusion was shown

by measuring induced motor and somatosensory po-
tentials [10].

Methylprednisolone is a glucocorticoid and its pos-
sible healing effects in SCI have been a subject of much
research for years. Different results have been reported
from different studies [11-13]. The mechanisms of ac-
tion of methylprednisolone in SCI include facilitation
of neuronal excitability and impulse conduction, im-
proved blood flow, and preservation of cord ultrastruc-
ture through a reduction of injury-induced, free radical-
catalyzed lipid peroxidation [14]. These reactions are
primarily involved in the secondary mechanism of the
SCI. In NASCIS II (National Acute Spinal Cord Injury
Study) and NASCIS III studies, a dose of 30 mg/kg in-

travenous methylprednisolone bolus was given [13].

Barnidipine is a dihydropyridine derivative with high
affinity for L-type calcium channels in a lipophilic char-
acter. In the presenting experimental study, we aimed to
evaluate the presence of any healing effect of barnidipine,
which has never before been studied with respect to SCI
and to compare its effects with methylprednisolone.

MATERIAL AND METHOD

The local ethics committee of Laboratory Animals ap-
proved the study (date: 21.01.20014, number: 2014/2).
A total of 32 Spraque Dawley albino adult female rats
weighing 250£30 grams were divided into 4 groups
(n=8, for each group). All animals were weighed before
operation and sacrifice. They were kept in a light-con-
trolled room with a 12:12-hour light-dark cycle; a tem-

perature of 22+0.5°C, and relative humidity of 65%—
70%, all of which were kept constant. Animals received
a standard rat diet along with water and libitum. None
of them had any neurological disorders before the opera-
tion and they had not been used in another study. For the
anesthesia of animals, 8 mg/100 g ketamin (Alfamine
%10, Ege Vet Hayvancilik San. Ve Tic. Ltd. $ti., [zmir/
Turkey) and 1 mg/100 g xylazin (Alfazyne %2, Ege Vet
Hayvancilik San. Ve Tic. Led. Sti., Izmir/ Turkey) were
used intraperitoneally.

Surgical Procedure

The rats were shaved from the abdomen to the leg. The
surgical area was painted with batticon, after which it
was shaved and draped. After sterile surgical prepara-
tion, a midline laparotomy was made and the intestines
were taken out by deflecting them to the right and cov-
ering them with warm and wet compresses to decrease
the loss of heat and fluid. After the retroperitoneal area
was opened, the abdominal aorta and inferior vena cava
were identified and isolated. Spinal cord ischemia was
created by clamping the aorta just below the renal vein
with a medium-pressured aneurysm clip for 30 minutes
as observed in previous studies (Yasargil aneurysm clip,

Aesculap) (15, 16].

Groups

Group 1 (sham-operated group, n=_8): In this group, ab-
dominal aorta was revealed by laparotomy without per-
forming clip application. About 24 hours after laparo-
tomy, spinal cord tissue of thoracic vertebra (between T8
—T12) was removed.

Group 2 (only ischemia group, n=6): In this group,
rats underwent laparotomy to reveal abdominal aorta
and after that ischemia was generated by the clipping
with the aid of medium-pressured aneurysm clip for 30
minutes. In this group, two rats died after surgical proce-
dure and were excluded from the study. About 24 hours
after the surgical procedure, thoracic vertebrae were re-
moved.

Group 3 (Barnidipine-treated group, n=8). About 15
minutes after the above mentioned surgical procedures
and after performing ischemia, barnidipine (10 mg/kg)
(Libradin, Giirel Ilag, Turkey) was given intraperitoneal-
ly. Close to 24 hours after these procedures, the thoracic
vertebrae were removed.

Group 4 (methylprednisolone-treated group; n=6):
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About 15 minutes after performing laparotomy and isch-
emia, methylprednisolone (30 mg/kg) (Prednol, Mus-
tafa Nevzat Ilag, Turkey) was given. Close to 24 hours
after these procedures, thoracic vertebrae were removed.
In this group, 2 rats died just after surgical procedure and
were excluded from the study.

Motor Examination

All animals were assessed according to the motor exam-
ination score defined by Tarlov and Klinger 1 hour after
before surgical procedure and before being sacrificed [17].

The criterion used to study the motor function of the
feet posterior was the following:

0 — no volunteer movement

1 — perceptive movement in articulations

2 — good articular movements but inability to get up
3 — the ability to get up and walk

4 — complete recovery

Histopathological Evaluation

Histopathological evaluation was performed under
light microscopy at magnifications of 100 and 400
(Olympus BX51, DP71). Samples were prepared from
spinal cord pieces about 5 mm thick. Prepared speci-
mens were passed through alcohol, xylose and formalde-
hyde solutions and embedded in paraffin blocks. Tissue
specimens were then cut with the help of a microtome
to a thickness of 5 microns. The tissue specimens were
then subjected to deparaffinization with xylene three
times under a temperature of 60°C. The samples were
washed with water after rehydration with the aid of al-
cohol. After that, they were stained with hematoxylin-
eosin stain.

Analysis of Tissue Malondialdehyde (MDA) Level

MDA levels in tissue samples were determined using the

method developed by Mihara and Uchiyama [18].

Sample Preparation

The tissues were weighed and homogenized in an ice-
cold 1.15% KCI solution containing 0.50 ml Triton
X-100 (10% weight/volume) by using an Ultra Turrax
T25 homogenizer (Jane & Kunkel, Germany). The ho-
mogenate was centrifuged at 9,500 rpm for 4x10 seconds
at 4°C, and the supernatant was used for the determina-
tion of MDA levels in tissue samples.

Sample Analysis

1. 500 pl of homogenate was mixed with 3 ml of 1%
H3PO4.

2. The mixture was transferred to a test tube containing
1 ml of thiobarbituric acid (TBA) solution (0.672%,
w/v) and then was incubated in a boiling water bath
for 45 min.

3. The tubes were centrifuged at 1000 x g for 10 min in

the room temperature.

4. The absorbance of the organic phase was observed at
532 nm wavelength.

1 mmol of 1,1,3,3-tetramethoxypropane in 100 ml
of 0.01 M HCIl was incubated in 50°C for 1 hour, and
the resulting hydrolysis of the compound MDA at 40,
20, 10,5, 2.5, 1.25,0.625 and 0.312 nmol/mL working
standards were prepared. The results acquired with the
standard graph were drawn. By using this graph, levels
of tissue MDA were calculated as nmol MDA/g wet

tissue.

Statistical Analysis

In the analysis and comparison of malondialdehyde
(MDA) levels and motor examination between groups,
the Kruskal-Wallis Variance analysis test was used be-
cause the number of animals in the groups was under
10. Mann—Whitney U test was used in order to deter-
mine which groups are different. Bonferroni correction
was performed during the use of this test. Although the
significance level of the Mann—Whitney U test is 0.05, it
was divided by 6 (the number of comparisons), and the
significance value was accepted as p<0.008. Values lower
than <0.008 were considered significant.

RESULTS

Our study consisted of 4 groups consisting of 8 rats in
the sham-operated group, 6 rats in only ischemia group,
8 rats in the barnidipine-treated group, and 6 rats in the
methylprednisolone-treated group.

Motor Examination

Results of motor examination according to Tarlov rat-
ing scale in groups are presented in Table 1. Accord-
ing to the Kruskal-Wallis test, a significant correlation
was detected on the 1% and 24*-hour examination
(p<0.008). To compare the difference between sub-
groups, the Mann—Whitney U test was performed. A
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TABLE 1. Results of motor examination according to Tarlov
rating scale in groups

Groups 1t h, 24" h, | Groups 1t h. 24t h,
K1 4 4 Bl 3 3
K2 4 4 B2 3 4
K3 4 4 B3 2 2
K4 4 4 B4 3 3
K5 4 4 B5 2 3
K6 4 4 B6 3 3
K7 4 4 B7 3 4
K8 4 4 B8 2 2
Il 2 2 P1 2 3
12 2 2 P2 3 3
13 3 2 P3 3 4
14 3 3 P4 3 3
I5 2 2 P5 3 4
16 2 3 P6 2 2

K: Sham-operated group; I: Only-iskemiea group; B: Barnidipine-treated group;
P: Methyle prednisolone treated group; h: Hour.

significant correlation was detected between sham-op-
erated and methylprednisolone-treated groups at the
first hour (p<0.008). However, no significant difference
was observed at the 24™ hour (p>0.008). There was a
significant correlation between the sham-operated
group and barnidipine- treated groups and sham-oper-
ated and only ischemia groups at the 1** and 24* hour in
terms of motor examination (p<0.008). However, there
was no significant difference between only ischemia
and barnidipine-treated groups and only ischemia and
methylprednisolone-treated groups (p>0.008). Also,

A B

there was no significant difference between barnidip-
ine-treated and methylprednisolone-treated groups.

Histopathological Results

In group 1 (control group); light microscopic exami-
nation of the sham-operated group revealed findings
consistent with normal spinal cord structure (Fig. 1A).
Light microscopic examination of only ischemia group,
barnidipine-treated, and methylprednisolone-treated
groups were similar to the sham-operated group except
for polymorphonuclear leukocyte infiltration and a small
amount of axonal swelling (Fig. 1 B-D, respectively).
When compared to the barnidipine-treated group, mor-
phological changes were similar or more intense in the
methylprednisolone-treated group.

Results of Malondialdehyde Levels

MDA values are presented in Figure 2. Mean MDA
level was 277.22 (range: 185.58-428.80). The
Kruskal-Wallis test pointed out a significant correla-
tion in terms of MDA levels. To compare the difference
between groups, the Mann—Whitney U test was per-
formed. There was a significant correlation between the
sham-operated group and methylprednisolone-treated
groups in terms of MDA level (p<0.008). However,
there was no significant correlation between sham-
operated and only ischemia groups and only ischemia
and barnidipine- treated groups (p>0.008). A signifi-
cant correlation was found between only ischemia and
methylprednisolone-treated groups (p<0.008). How-
ever, no significant correlation was detected between
barnidipine-treated and methylprednisolone-treated

groups (p>0.008).

C D

FIGURE 1. (A) Light microscopic examination of control group revealing findings consistent with normal spinal cord structure. (B)
Light microscopic examination of ischemia group revealing findings similar to control group except for polymorphonuclear leuco-
cyte infiltration and small amount of axonal swelling. (C) Light microscopic examination of barnidipine-treated group revealing
findings similar to control group except for polymorphonuclear leucocyte infiltration and small amount of axonal swelling. (D)
Light microscopic examination of methylprednisolone-treated group revealing findings similar to control group except for polymor-
phonuclear leucocyte infiltration and small amount of axonal swelling.
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FIGURE 2. MDA values.

DISCUSSION

Spinal cord injury (SCI) remains one of the main causes
of disability [19]. The primary morphological changes
include disruption of tissue integrity, damage to blood
vessels and axons, edema, and deterioration of cells. Se-
condary injuries occurring during the hours and days fol-
lowing a primary injury include some pathophysiological
changes such as ischemia, ion infiltration, production of

oxygen free radicals, and lipid peroxidation [20].

In animal models, specific therapeutic methods have
been applied to alleviate spinal cord injuries. However,
to date, these promising results have failed to manifest at
the bedside (beyond the laboratory) [21,22]. A spinal in-
jury can be predicted in some clinical situations, such as
in the surgical treatment of intraspinal tumors [23]. An
acute injury of the spinal cord initiates a series of vascu-
lar, biochemical, and inflammatory events resulting in the
development of secondary tissue damage. Experimental
studies and clinical trials in humans have shown that the
extent of this secondary tissue damage can be limited by
pharmacologic intervention at appropriate intervals after
injury [24]. Thus, the results of our study indicated that
barnidipine and methylprednisolone have no preventive
effect on SCI on ischemia-reperfusion model at a dose of
10 mg/kg and 30 mg/kg, respectively. Also, barnidipine

has no therapeutic advantage over methylprednisolone.

Many studies have emphasized the importance of
ischemia in the secondary injury of the spinal cord.
Some researchers have used a variety of drugs, including
dopamine, adrenaline, nimodipine, dextran, and blood
transfusions to improve spinal cord blood flow after spi-
nal trauma and have shown that these methods improve
axonal function (25, 26]. To further confirm these en-
couraging results that show improvement in spinal cord
post-traumatic ischemia, researches continue to test the
combinations of these drugs [8]. For the same purpose,

high-dose steroid treatments are commonly used in the
prevention of secondary injury [27]. Methylpredniso-
lone has been shown to have beneficial effects on SCI
due to its neuroprotective effect and inhibition of lipid
peroxidation [28].

It is known that calcium channel blockers have posi-
tive effects on microcirculation and spinal perfusion af-
ter SCI. Calcium channel blockers have been shown to
increase blood flow in the spinal cord after trauma in
many studies [5, 6]. They selectively inhibit peripheral
vasodilatation by acting on CNS veins and prevent isch-
emic deficits, Further, they increase perfusion in neu-
ral tissues. Therefore, it has been shown that increased
perfusion improved the axonal perfusion by measuring
induced motor and somatosensory potentials [10]. Cal-
cium channel blockers also have a vasoprotective effect.

Barnidipine, a dihydropyridine derivative, is more ef-
fective on the peripheral vascular structure. It is a type A
calcium channel blocker [29] that meets these challenges
of modern pharmacotherapy. The advantages of once a
day dosage, good tolerability, and strong antihyperten-
sive effects contribute to excellent patient adherence and
make a valuable contribution to the hypertension treat-
ment plan [30]. With respect to the antihypertensive ef-
fect of barnidipine, 10 mg once daily has not been found
to be significantly different from amlodipine 5-10 mg
once daily [31]. Although the effects of calcium channel
blockers on the secondary mechanism of acute SCI are
well-known, the possible healing effects of barnidipine (a
type A calcium channel blocker), have not been studied
in the literature before. In our study, we tried to pave the
way for future researchers who may wish to study the
therapeutic effects of barnidipine on SCL.

Since there is no curative treatment for SCI, it is
important to form an ideal animal model, identify the
mechanisms of injury, and develop a therapy for indi-
viduals exposed to SCI [32]. None of the SCI models
are perfect because the spinal cord ischemic models differ
from the human ischemia table in some aspects. One of
the most important reasons for this is that spinal cord
feeding differs among all living species, even between
species in the same genus. In our study, abdominal aortic
clamping method was used from the left renal artery as
per the method described by Zivin et al. which is reliable,
easy and cheap to perform [33]. The neurological deficits
were obtained at various grades which were consistent
with the literature. A change in locomotor response was
observed in the other groups except for the sham-op-
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erated group, which proved that our work was planned
correctly. Locomotor responses in case an animal died of
exploration/anxiety have been shown to represent a pre-
dictive factor for the addictive properties of a drug or an
animal vulnerable to the drug.

In the histopathological evaluation of the tissue
samples, the findings of the sham-operated group were
compatible with the normal spinal cord structure. Poly-
morphonuclear leukocyte infiltration and mild axonal
swelling were observed in all other groups, however, this
appearance did not show any significant difference or su-
periority among the groups. On the other hand, the fact
that barnidipine-treated group had the same histopatho-
logical appearance of the only ischemia group suggests
that barnidipine did not display any neuroprotective ac-
tivity after the spinal ischemia-reperfusion injury.

When the motor examination scores at the 1% and
24" hours were compared, there was a statistically sig-
nificant difference between the sham-operated group
and the other groups, and it was accepted as a sign that
sufficient neurological deficits were formed in all groups.
No statistically significant difference was found between
the groups except the sham-operated group.

Malondialdehyde (MDA) is an end-product of lipid
peroxidation. Its serum levels are mostly used in spinal
cord injury studies [34, 35]. In our study, according to
the statistics of MDA values measured in order to evalu-
ate the biochemical changes, the statistical evaluation
between the sham-operated and methylprednisolone-
treated group and between the only ischemia and the
methylprednisolone-treated group was found significant.
Statistically, this difference was not significant, although
different results were obtained between the group receiv-
ing barnidipine and the sham-operated group. Similarly,
although there was a minor difference between these
groups, barnidipine-treated and methyl-prednisolone-
treated groups were statistically insignificant. Despite
the decrease in MDA levels in subjects who received
barnidipine, this decrease was not statistically signifi-
cant. However, in the subjects who received methylpred-
nisolone, the tissue was statistically significant when
compared with MDA change, sham-operated and only
ischemia groups. These changes in MDA value were in-
terpreted as a beneficial effect of methylprednisolone in
spinal cord ischemia-reperfusion injury. Several studies
have demonstrated that methylprednisolone contributes
to the recovery of the spinal cord, which facilitated the
prevention of lipid peroxidation and increased vascular

permeability in damaged tissue [36—38]. In previous
works, methylprednisolone has been shown to reduce
MDA levels consistent with this study. The decrease in
MDA levels in the subjects treated with barnidipine was
found to be statistically insignificant.

In our study, the duration was limited to 24 hours and
barnidipine was given as 10 mg/kg on a single dose only
on the first day. The difference between the groups given
and not given barnidipine was observed but it was not
found statistically significant. If the waiting period was
kept longer on the day after the drug was administered
and barnidipine was administered at repeated doses, per-
haps significant results could be obtained. The results
suggest that, at least in an animal model, the spinal cord
may develop a new approach to the treatment of the isch-
emic injury.

Conclusion

A single dose of barnidipine (10 mg/kg) and methylpred-
nisolone (30 mg/kg) dose is not effective and not sufh-
cient to prevent spinal ischemia-reperfusion injury in rats.
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