Which is more effective in reducing secondary brain damage
resulting from cyclooxygenase expression following traumatic
brain injury: calcium channel blockers or cox inhibitors?
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Objectives: To evaluate localizations of cyclooxygenase
(COX)-1 and COX-2 following traumatic brain
injury (TBI) and the effects of 2 therapeutic agents
on COX inhibition.

Methods: Forty rabbits were used in this study for
developing a TBI model and divided into 4 groups

(n=10) at Afyon Kocatepe University School of
Medicine, Afyonkarahisar, Turkey in June 2004.
Differential cellular COX-1 and COX-2 protein
expression profiles were analyzed following TBI, and
the effects of 2 therapeutic agents, indomethacin
and nimodipine, on COX inhibition were evaluated
immunohistochemically.

Results: This study revealed that COX-1 and COX-
2 protein expression were significantly increased in
vascular endothelial, smooth muscle cells, and CD68+
microglia/macrophages following TBI. Indomethacin
inhibited the COX expression in glial cells more than
nimodipine, however, both did not affect endothelial

COX-1 and COX-2 expression.

Conclusion:  The restricted accumulation of
COX-1 at the perilesional area points to an acute
inflammatory response and the role of COX-1 in
TBI. This study revealed that COX-1 expression
should be a pharmacological target following TBI,
and COX-2 should also be evaluated in this aspect,
and indomethacin is more effective than nimodipine

for blocking COX-1.
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Secondary brain damage depends on several complex
pathophysiological events that evolve over time and
place.”* The intracellular influx of seconder messenger
calcium (Ca*) activates the phospholipase A2 and
cyclooxygenase (COX) following traumatic brain
injury (TBI). The ensuing lipid peroxidation causes
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cell membrane injury and induces the release of toxic
prostanoids. This process is supported by reactive
oxygen species (ROS) production. The ROS activates
endogenous scavenging mechanisms and triggers the
scavenging process characterized by apoptosis and
inflammation.”” Prostanoids are the major contributors
of the intrinsic inflammatory response of the CNS (such
as prostaglandin [PG]E, PGD,, PGF, thromboxane
A, PGIL). These are synthesized by a prostaglandin
endoperoxide synthase (known as COX), which is
a rate limiting step in this process.>*” Furthermore,
COX has also peroxidase activity and can cause free
oxygen radical production and dopamine quinones
independent of its mechanism of arachidonic acid.?
There are several isoforms of COX: expressed COX-
1, rapidly inducible COX-2, and the hypothetically
proposed isoform of COX-3.%? Although there are some
significant differences in structure and gene regulations
of COX-1 and COX-2, significant similarities of protein
structure and enzymatic functions are observed.'*"
The metabolites of COX-2 activated by TBI are major
neurotoxic mediators.>'*'® The enzymatic function of
activated microglia and the likewise proinflammatory
COX-1 following TBI remains unknown.®'”! In the
present study, to provide the pathophysiological role
of COX-1 in rabbit TBI, we analyzed the COX-1
and COX-2 expression in brain injured rabbits and
unaltered control brains. We also analyzed the effect of
2 therapeutic agents (indomethacin and nimodipine)
on this process. Indomethacin is a non-specific COX
inhibitor and may affect both COX-1 and COX-2, and
nimodipine affects Ca** channels and may decrease the
production and extravasation of COX type substances
synthesized from arachidonic acid.

Methods. After obtaining ethical approval for the
study from the Animal Ethics Committee of Afyon
Kocatepe University, the experiment was carried out
with 40, 3-month old domestic race and mixed gender
rabbits weighting between 450-500 gr from a special
rabbit growth center in Istanbul. The animals were
randomly divided into 4 groups (n=10) as follows: 1)
sham, 2) trauma group without drug, 3) trauma group
with nimodipine, 4) trauma group with indomethacin.
All the animals’ respiratory and heart rates, temperature
and 0, levels were monitored. The animals in the sham
group were anesthetized with midazolam 2 mg/kg, and
cerebral tissue samples were taken out without any
previous head injury. Tissue samples were placed into
formalin solution and transferred to Afyon Kocatepe
University School of Medicine Pathology Department
in June 2004. The animals in group 2 were also
anesthetized with midazolam 2 mg/kg and traumatized
with 300 gm weight falling from one meter height.
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They were sacrificed 120 minutes after the trauma and
cerebral tissue samples were obtained. If an animal died
before 120 minutes, it was excluded from the study.
In group 3, following the same anesthesia and trauma
model, nimodipine was given at a dose of 0.02 mg
via the right jugular vein 30 minutes after the trauma
model. Cerebral tissue samples were taken 120 minutes
following the trauma. In group 4, following the same
anesthesia and trauma model, one mg indomethacin was
given thorough a previously placed orogastric feeding
catheter 15 minutes after the trauma and the animal
were decapitated and cerebral tissue samples were taken
at 120 minutes after trauma. At the injury site the cortex
of the brain had a red-purple color and sometimes there
was dural injury and arachnoid tears, and the injury site
was changeable, namely, right or left parietal hemisphere.
The cerebral tissue samples of the animals were put into
10% formalin solution for 24 hours and evaluated
macroscopically, and prepared according to paraffin
embedding routine tissue preparation technique. Tissue
samples were taken from lesions and neighboring areas
(2-5 sample from each animal, mean 3). Following this,
paraffin blocks of approximately 4 pm in thickness were
cut from each of the tissue samples The cut sections
were stained with Hematoxylin-Eosin and evaluated
with light microscope to determine the tissue blocks
suitable for immunohistochemical staining. The 4
pm thick sections were prepared from the previously
selected blocks and placed into slides covered with poly-
L-lysin. The double staining (immunohistochemical)
procedure performed to sections placed into poly-
L-lysin covered slides were arranged as follows: They
were boiled 2 times for 10 minutes in citrate buffer
(pH 6) microwave oven and washed with tris buffer
and then incubated with 1% H,O, for 5 minutes, and
then washed with tris buffer. They were then incubated
with glial fibrillary acidic protein (GFAP) (prediluted,
Neomarkers, USA) for glial cells, with Factor VIII
antibodies for vessels for 30 minutes and washed
with tris buffer. All were incubated with biotinylated
horseradish peroxidase solution (DAKO, Denmark) for
45 minutes and washed with tris buffer. The staining
intensity was controlled in diaminobenzidine solution
as chromogen and kept for 5-15 minutes and washed
with distilled water. The samples were kept in double
stain block solution (DAKO, Denmark) for 3 minutes
and washed with tris buffer. Then they were incubated
with anti-COX-1 (1:50 dilution, Santa Cruz, USA)
or anti-COX-2 (1:50 dilution, Santa Cruz, USA)
antibodies at 4°C for one night and washed with tris
buffer. After this procedure the samples were incubated
in alkaline phosphatase-conjugated avidin-biotin
complex for 45 minutes and washed with tris buffer.
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Staining intensity was controlled in fast red chromogen
solution and kept for 5-15 minutes and washed with
distilled water. The samples were counterstained with
Mayer’s Hematoxylin for 10 minutes and washed with
distilled water. All of them were dried and fitted for
evaluation. The stained slices were viewed under a light
microscope. The immunohistochemistry was performed
for analysis of COX-1 and COX-2 expression at glial
cells and vessels separately. The number of GFAP(+)
cells presenting COX-1 and COX-2 expression was
counted at 10 different fields with 400X for every slide.
The sum of the positive stained cells was calculated in
10 fields for every case. The total number of positive
stained cells in every study group was determined and
divided into the number in that group, so that the
group mean was achieved. The positive staining in
vessels was determined with factor VIII. The presence
of COX-1 and COX-2 antibodies was also determined
by the double staining method. The COX-1 and COX-
2 expression in endothelial cells of vessels stained with
factor VIII were accepted as positive for the presence
of COX-1 and COX-2. For every slide, using 400
magnifying power, 10 different fields were evaluated
and the vessels expressing COX-1 and COX-2 were
counted. Following that analysis the total number of
positive stained vessels in every 10 different fields was
determined. The sum of positive stained vessels in each
group was divided into the number of cases, and the
mean value was obtained. For every group, the mean
values of COX-1 and COX-2 expression in factor VIII
stained vessels of GFAP stained cells were compared
statistically.

Using SPSS 10.0, the results were evaluated with
variance analysis, and ANOVA. The difference between
the groups was evaluated using DUNCAN analysis. A
p-value <0.05 was considered statistically significant.

Results. In the control group, there was no observed
neuropathological alteration, except for a few microglia
and macrophage cells. The mean glial COX-1 expression
was 2.6 + 0.6 (mean + SEM) in the control group, and
27.7 + 3.52 in group 2 (trauma without treatment),
indicating that TBI altered the expression of COX-1 and
elevated it significantly in endothelial, smooth muscle,
and microglia/macrophage cells. The elevation observed
in COX-1 expression following trauma was statistically
significant (p=0.035). The mean value of group 3
(nimodipine treated trauma group) was 14 + 2.36,
significantly different to group 2 (p=0.045). However,
the results of this group revealed that nimodipine did not
affect glial cells. The mean value of COX-1 expression
in the indomethacin treated trauma group (group 4)
was 7.7 + 2.28. This result showed that indomethacin

inhibited COX expression in glial cells. Although the
value was higher numerically than that of the control
group, this difference was not statistically significant.
Our present study also showed that the mean value of
COX-1 expression was 3.2 + 0.71 in the control group.
The mean value of COX-1 expression was 26.7 + 2.22
in group 2, and the difference between the control and
group 2 was statistically different (p=0.038). The mean
values were 11.7 + 1.79 in group 3, and 13 + 0.85 in
group 4. Although the difference between control and
drug-treated groups was statistically different, there
was no difference between the drug-treated groups.
This result indicates that both agents did not affect
endothelial COX-1 expression. The results of glial
COX-2 expression revealed that the mean values were
0.6 + 0.43 for the control group, 3.8 + 0.92 for group
2,2.7 £ 0.21 for group 3, and 1.8 + 0.77 for group 4,
indicating that the value of the indomethacin treated
group did not differ from the control group, with
significant COX-2 blockage in glial cells. There was no
statistically significant difference between group 2 and
group 3, indicating that nimodipine did not inhibit
COX-2 expression. The mean values of endothelial
COX-2 expressions were 3.9 + 0.59 for group 2, 2.5
+ 0.75 for group 3, and 2.6 + 0.31 for group 4. The
comparison of these results revealed no statistical
significance, indicating that both drugs did not produce
endothelial COX-2 inhibition.

Discussion. Traumatic brain injury increases COX-
1+ cells in perivascular and Virchow-Robin space. The
perivascular space is a transmission route of extravasated
cells in the CNS. During the early period of trauma
COX-1* monocytes intermingle and accumulate within
the intima and vessel wall leaving the vessel lumen that
further increases gradually. Schwab et al'’ previously
reported that early COX-1* cell accumulation in
the Virchow-Robin space paralleling the leukocyte
infiltration period and the persistence of COX-1* cells
are 2 important features observed in damaged tissue
following trauma." Blood derived COX-1* cells induce
a proinflammatory response after being extravasated and
engrafted through the peripheral tissue. This response
produces the beginning stage of a more prolonged
inflammatory response and secondary tissue injury.
Additionally, persistent COX-1* cell accumulation
increases the incidence and prevalence of Alzheimer
disease by producing the residual inflammatory risk in
patients subjected to head trauma.>***' The head injury
is a serious risk factor for developing Alzheimer’s disease
and inflammation mediated by trauma stimulates the
production of §-APP. These inflammatory mediators can
be detected intracerebrally after trauma.'?** Since the
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inflammatory mechanisms are considered to be involved
in Alzheimer’s disease pathogenesis, long-term steroid
treatment is recommended for patients with brain injury
to prevent Alzheimers disease following trauma.??*
Based on the experimental,®?® and clinical studies,
non-selective COX blockage, including COX-1 might
delay the onset or decrease the incidence of Alzheimer’s
disease. Thus, COX-1 might be assumed as a potential
substrate for nonsteroidal antiinflammatory activation
following head injury.

There is evidence for the pathophysiological role
of post-traumatic COX-1 expression activated by
macrophagesand microglial cells. Activated macrophages
and microglial cells support angiogenesis,” and
regeneration,’”' and also produce toxic agents at the
same time.*” These results indicate that local increase
in COX production causes COX-2 expression and
simultaneous inflammatory cell accumulation causing
COX-1 expression.

The results of the present study revealed that
nimodipine  prevented  post-traumatic  oxidative
stress, decreased the COX production partially in
the endovascular space, even in the short-term.*%
However, the most pronounced inhibition was achieved
by indomethacin treatment. These results indicate that
in a long-term study, both agents could be effective
in delaying or preventing the development of chronic
disease processes. Additionally, the blockage of glial
COX-1 expression by indomethacin was pronounced,
and the results of single dose indomethacin treatment
were similar to the control group. It may be possible
to obtain a more pronounced effect by using repetitive
doses or long term indomethacin treatment. There
are several reports in the literature demonstrating the
effect of indomethacin given early, similar to our study.
This may be attributed to its cumulative effect on
COX inhibition. We have demonstrated that the Ca++
blocker nimodipine partially decreased the production
and extravasation of COX type substances synthesized
from arachidonic acid. Therefore, we suppose that the
therapeutic administration of indomethacin might
demonstrate its effect by decreasing vasospasm.*

From our results we can easily see that indomethacin
had a statistically significant effect on COX-1
expression on glial cells, and the same effect can be seen
at nimodipine, but lower than indomethacin. At the
same time, both of the agents had the same effect on
endothelial COX-1 expression when compared with the
untreated traumatic group. However, when we compared
them with controls, there was no significant blockage of
COX expression. After evaluating endothelial COX-2
values, there was no statistically significant inhibition
of expression, however, indomethacin had a significant

effect on blocking glial COX-2 expression. Therefore,

27,28
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both, but especially indomethacin may be valuable
in combined treatment at the post-traumatic period.
Further studies are needed to confirm the long-term
effectiveness of both agents in standard treatment
protocols.

In conclusion, indomethacin inhibited COX-1
expression in glial cells, but the nimodipine dose did
not have the same effect. Nimodipine has a minimal
perivascular effect. Both of the agents have no effect on
COX-2 expression.
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