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Abstract
Increasing evidence suggests a role for cyclooxygenase-2 (COX-2) in traumatic brain injury (TBI).
In the present study the role of COX-2 in TBI was investigated using COX-2 gene disrupted (COX-2
null) mice and wild type (WT) controls that were subjected to controlled cortical impact (CCI) model
of TBI. There was increased expression of COX-2 in ipsilateral hippocampus in WT mice subjected
to CCI. CCI resulted in a significant increase in PGE2 concentrations in WT compared to COX-2
null hippocampi. There was a significant increase in TUNEL staining of CA1 neurons 24 h after CCI
in WT, but not in COX-2 null mice, compared to sham-operated controls consistent with a protective
role for COX-2 in the early phase of injury after TBI. However, there was no difference in lesion
volume 21 d after CCI in COX-2 null and WT mice. COX-2 gene disruption did not alter Morris
water maze performance. Taken together, these results suggest only a minor role for COX-2 activity
in determining outcome after TBI in mouse.
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Introduction
TBI is among the leading causes of morbidity and mortality yet there are no effective treatments
to limit injury after trauma. Primary mechanical impact causes acute cell damage that initiates
a series of secondary disruptive events within minutes to days, causing cell death through
necrosis, apoptosis and autophagy that leads to grave neurological deficits (Hatton 2001; Lai
et al. 2007). A variety of different mechanisms including oxidative stress and inflammation
(Ray et al. 2002), protein aggregation (Smith et al. 2003), edema (Unterberg et al. 2004) and
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deficits in regional cerebral blood flow (Marklund et al. 2002) have been reported to play a
major role in execution of secondary injury in TBI.

Cyclooxygenase (COX) is the obligate enzyme for the metabolism of arachidonic acid to pro-
inflammatory and, paradoxically, anti-inflammatory prostaglandins. COX has two major
isoforms; COX-1 and COX-2, which have identical enzymatic activity but have different
physiological roles. COX-1 is expressed constitutively in almost all cell types where it plays
important roles in maintaining normal tissue homeostasis. COX-2 is present in many cell types
including brain and is induced by various disease conditions and toxic stimuli. In rat brain
COX-2 immunoreactivity is found in neuronal populations of hippocampus, cortex and
amygdala, while in human brain COX-2 is predominantly expressed in hippocampus (Belton
and Fitzgerald 2003; Hurley et al. 2002; Vane et al. 1998). COX-2 activity has been
hypothesized to be important in the pathogenesis of Alzheimer’s disease, Parkinson’s disease,
amyotrophic lateral sclerosis and, cerebral ischemia (Alloza et al. 2006; Chang et al. 1996;
Drachman and Rothstein 2000; Iadecola et al. 2001; Nakayama et al. 1998; Teismann et al.
2003).

Previous reports have both supported and refuted a role for COX-2 activity in exacerbating
injury after TBI. There is increased expression of COX-2 in ipsilateral hippocampus and cortex
in TBI (Dash et al. 2000; Gopez et al. 2005; Kunz et al. 2006; Strauss et al. 2000). Some reports
have shown protective effects of COX-2 inhibitors against TBI-induced behavioral and cellular
alterations (Gopez et al. 2005) while one study has reported deterioration of behavior in a model
of TBI (Koyfman et al. 2000). Another study by Kunz and colleagues (Kunz et al. 2006) have
reported insignificant effects of COX-2 inhibitors on cell death induced by TBI. SC58125, a
COX-2 selective inhibitor, did not produce neuroprotection in a juvenile rat model of TBI
(Hickey et al. 2007). Thus, there have been conflicting results in studies with COX-2 inhibitors
in TBI models. COX-2 null mice provide an alternate but specific means of testing whether
COX-2 activity contributes to neuronal cell death and dysfunction after TBI which has not yet
been tested.

Material and methods
All experiments were conducted in accordance with NIH guidelines for use and care of
laboratory animals and in accordance to regulations of the University of Pittsburgh Institutional
Animal Care and Use Committee.

Breeding and genotyping of COX-2 null mice
Heterozygous COX-2 null mice were obtained from the Jackson Laboratories (Bar Harbor,
ME) and bred 7–10 generations to produce a colony. For the current study, female heterozygous
colony-bred mice (homozygous female COX-2 null mice are sterile) were bred with COX-2
heterozygous mice to produce WT and COX-2 null mice. PCR was performed using DNA
extracted from pup tail snips using phenol/chloroform extraction with the following cycling
parameters: 94°C, for 45 seconds; 55°C, for 30 seconds; 72°C for 90 seconds, 30 cycles.
Primers were as follows: COX-2 primers - forward 5′ACC TCT GCG ATG CTC TTC C3′ and
reverse 5′CAC CAT AGA ATC CTG TCC GG3′; NEO primers - forward 5′CTT GGG TGG
AGA GGC TAT TC3′ and reverse 5′AGG TGA GAT GAC AGG AGA TC3′. Reaction
products were then separated on a 1.8% agarose gel stained with ethidium bromide, and
photographed.

Controlled cortical impact model of brain injury
TBI was induced in male mice using cortical contusion injury (CCI) as described previously
(Sinz et al. 1999) with minor modifications (Tehranian et al. 2006). Twelve-week-old male
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WT and COX-2 null mice were anesthetized with 2% isoflurane in N2O/O2 (2:1) via nose cone
and placed in a stereotatic frame (Kopf, Tujunga, CA). A temperature probe was inserted
through a burr hole in the left frontal cortex to monitor brain temperature and a rectal probe
(Physitemp, Clifton, NJ) was used to measure body temperature. Both brain and body
temperatures were maintained at 37.0 ± 0.5 °C for the whole procedure. A 5 mm craniotomy
was made over the left parietotemporal cortex with a dental drill and the bone flap was removed.
Vertically directed CCI was performed using a pneumatic cylinder (Bimba Co, Monee, IL)
with a 3 mm flat-tip impounder at a velocity of 6.0 ± 0.2 m/s and a depth of 1.2 mm with shams
undergoing identical surgical procedures except CCI (n = 15 animals/group). Immediately after
injury, the bone flap was replaced and sealed with Koldmount Cement (Vernon Benshoff Co.,
Albany, NY) and the wound sutured. Anesthesia was discontinued, and mice were placed in
an oxygen hood for 30 min before they were returned to their cages.

Western blot analysis
Western blots were performed as described previously (Tehranian et al. 2006). Briefly, 24 hrs
after TBI (n = 3 per group), mouse hippocampal homogenates were prepared and proteins
measured (Biorad, Temeculah, CA). Proteins (50 μg) were separated on a 12% SDS-PAGE
gel, transferred onto PVDF membranes and incubated overnight with anti-COX-2 polyclonal
antibody (Abcam, Cambridge, MA; 1:1000). Proteins were visualized using an enhanced
chemiluminescence protein detection kit (Amersham, Arlington Heights, IL) and exposed on
BioMax MR film (Kodak, Rochester, NY).

Immunohistochemistry
Wild type mice were anesthetized then transcardially perfused via the left ventricle with 20 ml
0.9% NaCl followed by 20 ml 4% paraformaldehyde 24 hrs after TBI (n = 3 per group). The
brains were removed, sectioned at 2-mm intervals, processed and embedded in paraffin then
cut 5 μm thick on a microtome, mounted on glass slides and processed for
immunohistochemical staining. Brain slices were incubated with polyclonal anti-COX-2
antibody (1:200, Cayman Chemical, Ann Arbor, MI) overnight and immunofluorescence
labeled using a Cy3-conjugated secondary antibody (Zymed laboratories, Invitrogen, CA).
After secondary antibody application, sections were counterstained with DAPI and
coverslipped. Images were captured with a confocal microscope (Olympus Fluoview).

Prostaglandin measurement
Four groups of mice, male, 10–12 weeks old, WT sham, WT TBI, COX-2 null sham and COX-2
null TBI (n = 7–9 per group) were used to compare prostaglandin production. Ipsilateral
hemispheres were dissected and rapidly frozen in liquid nitrogen 24 h after TBI. Tissue was
weighed and homogenized in 1 ml of ice-cold 0.05M Tris/MeOH (1:3) using a Tissue Tearor
(Biospec Products, Inc, Bartlesville, OK). Homogenates were spun 20 min at 14,000 r.p.m.,
and the supernatants dried using a Speed Vac UVS400 (Savant Instruments, Inc., Holbrook,
NY). PGE2 was assayed using an enzyme immunoassay (EIA) kit as described by the
manufacturer (Cayman Chemical, Ann Arbor MI). Prostaglandin concentrations were
normalized to brain tissue wet weight.

TUNEL labeling
TUNEL labeling was performed as described previously (Clark et al. 2001). Briefly, animals
were sacrificed 24 h after surgery, brains were harvested and cut into 10μM sections. Sections
were incubated in 300 U/ml TdT (terminal tranferase) and 20 nmol/ml biotin-16-dUTP
(Boehringer Mannheim, Mannheim, Germany) and then incubated in avidin-biotin complex
(ABC standard kit, Vector Labs, Burlingame, CA) and DNA strand breaks were visualized
with diaminobenzidine (DAB, Vector Labs). In animals with intact hippocampi, TUNEL-
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positive cells were counted in CA1, CA2 and CA3 regions of hippocampus (n = 9 per group).
All cells exhibiting apoptotic morphology were considered TUNEL-positive.

Measurement of hemispheric and lesion volume
Brains from sham and CCI injured WT and COX-2 null mice (n = 16–18 per group) were
perfusion fixed via the left ventricle 3 weeks after injury, cut into 10 μm thick slices at 0.5 mm
intervals and stained with hematoxylin and eosin. The volume of remaining normal hemisphere
was determined using MCID Imaging analysis software (St Catharines, Ontario, Canada) as
previously described (Tehranian et al. 2006). Hemispheric volumes were calculated by
multiplying slice area by slice interval thickness times the number of slices. Lesion volume
was calculated by subtracting the volume of the ipsilateral hemisphere from the contralateral
hemisphere.

Morris water maze performance
Morris water maze performance in mice was evaluated as described previously (Sinz et al.
1999; Whalen et al. 1999). On days 14–18 post injury (n = 9–12 per group) the hidden platform
version of the Morris water maze was used. A white pool (83 cm diameter, 60 cm deep) filled
with 24°C water to 29 cm depth was situated in a room with several extra maze cues located
on the walls. Contained within the pool was a 10-cm round goal platform, located 1 cm below
the surface of the water approximately 15 cm from the southwest wall. A video tracking system
mounted above the pool (Chromotrack 3.0, San Diego Instruments, San Diego, CA) recorded
the swim speeds of the mice. Each mouse was subjected to a series of four trials per day. For
each trial, mice were randomized to one of four starting locations and were placed in the pool.
Mice were given a maximum of 120 s to find the submerged platform with latency recorded.
Mice were placed in a 37°C incubator for 4 min between trials. To test for potential nonspecific
deficits in visual and motor function, a visible platform task was performed on D19 and 20.
The platform was raised 2 cm above the water surface with mice randomized to starting
locations. Animals whose D20 visible platform scores were greater than 2 SD from the sham
group 2-day average were removed from the study.

Statistical analysis
All data are expressed as mean ± S.E. Morris water maze data was analyzed using repeated
measures ANOVA with Tukey’s post-hoc analysis. All other results were analyzed using
Student’s t-test with p < 0.05 considered statistically significant.

Results
Hippocampal COX-2 expression after TBI

Western blot analysis of hippocampus for COX-2 protein showed robust ipsilateral expression
relative to a weak band corresponding to basal levels of COX-2 protein in contralateral tissue
after TBI in WT mice (Fig 1A). Densitometric analysis indicates a 15-fold increase in COX-2
expression in ipsilateral as compared to contralateral hippocampus (Fig 1B).
Immunohistochemical staining reveals a robust staining consistent with high levels of COX-2
expression in the CA3 region of ipsilateral hippocampus 24 h after TBI in WT mice (Fig 1C).
Faint staining was observed in CA1, and no staining at all in the CA2 region of hippocampus.

PGE2 production in COX-2 null and WT mice after TBI
TBI resulted in significant increases in the levels of PGE2 in ipsilateral hemisphere of WT
mice as compared to COX-2 null mice 24h after TBI; PGE2 concentration was significantly
higher in ipsilateral hemisphere of WT mice 24h after TBI as compared to sham. Furthermore,
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PGE2 concentrations between sham WT or sham COX-2 null mice were not significantly
different either in ipsilateral or contralateral hemispheres (Fig 2).

TUNEL labeling in COX-2 null and WT mice after TBI
There were significantly fewer TUNEL-positive neurons in the ipsilateral hippocampal CA1
region of COX-2 null mice 24 h after TBI than in WT mice. There was no statistically
significant difference in numbers of TUNEL-positive neurons between COX-2 WT and COX-2
null mice as observed in ipsilateral CA2 or CA3 regions of hippocampus (Fig. 3A&B). There
were no TUNEL-positive cells neurons in contralateral hippocampus of either genotype (data
not shown).

Hemispheric and lesion volume in COX-2 null and WT mice after TBI
There was an increase in lesion volume and a decrease in ipsilateral hemispheric volume in
both COX-2 null and WT mice subjected to TBI compared to their respective sham operated
hemispheric volumes, but there were no significant differences in lesion volume and
hemispheric volume between COX-2 null mice and WT mice subjected to TBI (Fig 4A&B).
Thus, the COX-2 gene deletion does not have developmental effects that alter brain volume as
have been reported in some other transgenic lines (Tehranian et al. 2006).

Morris water maze performance in COX-2 null and WT mice after TBI
There was no significant difference in Morris water maze performance afforded by COX-2
gene disruption in either the sham or TBI groups as compared to WT. There were significant
differences in latencies between sham operated and TBI mice, but no significant differences
between WT and COX-2 null mice within these groups (Fig 5). TBI had a significant effect
on swim speed, but there was no difference in swim speeds between COX-2 null or WT mice
within the TBI and sham operated groups (data not shown). While water maze performance
improved for all groups when the platform was visible, both injured groups had significantly
greater swim latencies than that of sham-injured groups.

Discussion
The major result of this study is that genetic disruption of COX-2 does not improve overall
histological or functional outcome in mice subjected to TBI. We observed a significant decrease
in the number of TUNEL-positive cells in the CA1 region of the ipsilateral hippocampus of
COX-2 null mice after TBI as compared to WT; however there was no significant difference
in TUNEL-positive cells in CA2 or CA3 regions. This early marker of cell death was not
translated into any long term behavioral or histological difference in outcome. To the best of
our knowledge, it is the first report showing the effect of genetic disruption of the COX-2 gene
on histological changes and functional deficits in mice subjected to TBI.

COX-2 expression was increased in ipsilateral cortex and hippocampus of rats subjected to
TBI (Dash et al. 2000; Gopez et al. 2005; Kunz et al. 2006; Strauss et al. 2000). In concordance
with these results we have found a robust expression of COX-2 in ipsilateral hippocampi of
WT mice that were subjected to TBI. In contrast to these reports, COX-2 expression is not
increased after in vitro TBI (Morrison et al. 2000). The current study found that there was
increased concentration of PGE2 after TBI in WT mice as compared to COX-2 null mice,
consistent with the hypothesis that increased production of prostaglandins exacerbates injury
after TBI. PGE2 levels have been shown to be increased after traumatic brain injury and the
selective COX-2 inhibitors, nimesulide and DFU have been shown to decrease enhanced
concentrations of PGE2 (Gopez et al. 2005). Another study (Hickey et al. 2007) reported that
SC58125 decreased the levels of TBI-induced PGE2 in juvenile rats.
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Cell death after TBI may be executed through both necrotic and apoptotic mechanisms (Ray
et al. 2002). TUNEL staining, a marker of DNA fragmentation is a hallmark for both necrosis
and apoptosis (Gavrieli et al. 1992) and is reported to be enhanced after TBI (Clark et al.
2001). COX-2 inhibitors have been shown to decrease TUNEL-positive staining in various
models of brain injury (Chu et al. 2004; Kaloustian et al. 2007; Kunz and Oliw 2001). Kunz
and colleagues (Kunz et al. 2002) have observed co-localization of COX-2 expression with
TUNEL-positive staining in dentate gyrus and cortex in a rat model of fluid percussion injury,
suggesting a direct role of COX-2 in cell death after TBI. The same group observed that
rofecoxib produced an insignificant decrease in TUNEL staining in ipsilateral cortex and
dentate gyrus at 12h and 24h after lateral fluid percussion brain injury in rats, however, this
effect had vanished after 72h (Kunz et al. 2006). In our study there was a significant decrease
in the number of TUNEL-positive cells in the ipsilateral CA1 region of hippocampus, but no
significant differences in CA2 and CA3 regions. This suggests that COX-2 expression may
contribute to cell death in a circumscribed population of neurons, but that COX-2 is not
expressed in all neurons destined to die. Our results are supported by a report showing that
indomethacin, a non-selective COX-2 inhibitor, ameliorated ischemic neuronal damage in CA1
hippocampus of gerbils (Sasaki et al. 1988).

Genetic disruption of COX-2 in mice does not affect lesion volume after TBI in our studies
and is supported in an earlier report by Koyfman and colleagues (Koyfman et al. 2000) which
indicates ineffectiveness of nimesulide in reducing brain edema in a rat model of closed head
trauma. Latency to reach the submerged and visible platforms in the Morris water maze overall
remained the same for WT and COX-2 null mice after TBI, and a similar trend was observed
with the swim speeds. These results are similar to the lack of an effect of SC58125 upon water
maze performance in a juvenile rat TBI model (Hickey et al. 2007). Consistent with these
findings, celecoxib has been reported to be ineffective in decreasing spatial memory
impairment, as assessed by Morris water maze, in a lateral cortical injury rat model of TBI
(Dash et al. 2000). COX-2 inhibition by nimesulide has shown no significant changes in
neurological severity scores in a rat model of closed head trauma (Koyfman et al. 2000) while
it has been reported to improve cognitive outcome and motor function in a model of diffuse
traumatic brain injury in rats (Cernak et al. 2002). Gopez and colleagues (Gopez et al. 2005)
report improved memory performance using post-injury treatment with DFU, a COX-2
selective inhibitor, after a lateral cortical impact injury in rats.

These contradicting protective effects elicited by various COX-2 selective inhibitors (DFU,
Nimesulide, celecoxib and rofecoxib) in many types of TBI in rats may be the result of COX-2
independent effects of these inhibitors or induction of alternative routes of arachidonic acid
metabolism by these drugs. Several COX-2 independent mechanisms of action of COX-2
selective inhibitors have been previously reported (Han and Roman 2006; Kardosh et al.
2004; Miyamoto et al. 2006; Yoon et al. 2003; Zhong et al. 2004). Celecoxib has been reported
to prevent experimental autoimmune encephalomyelitis in COX-2 deficient mice by the
inhibition of inflammatory cells into the CNS and by inhibiting the expression of various
adhesion molecules, chemokines and inflammatory mediators (Han and Roman 2006; Kardosh
et al. 2004; Miyamoto et al. 2006; Yoon et al. 2003; Zhong et al. 2004). Celecoxib has been
shown to inhibit interlukin 1β secretion by inhibition of AKT kinase and endoplasmic reticulum
Ca2+ ATPase (Alloza et al. 2006). Zhong and colleagues (Zhong et al. 2004) have reported the
inhibitory effect of NS398 on HIF-1α and HIF-1 transcriptional activity under normoxic and
hypoxic conditions in COX-2 negative hct116 cells. Various NSAIDs have been reported to
have an inhibitory role in NO-induced apoptosis and differentiation of articular chondrocytes
by blocking the downstream signaling cascade of p38 kinase and PKC, such as NFκB and
caspase-3 activation (Yoon et al. 2003). COX-2 inhibitors also inhibited amyloid precursor
protein (APP) processing and generation of amyloid-β peptide in various cell lines that that
were transfected with human mutants APP751 and APP695 and these effects were independent
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of COX-2 activity (Weggen et al. 2001). Since many of the above mechanisms have a
pronounced role in TBI (Ray et al. 2002), we assume that protective effects shown by selective
COX-2 inhibitors in previous studies might have been caused due to some or all of these
mechanisms.

When COX-2 activity is inhibited, increased arachidonic acid substrate is available for the
CYP P450 epoxygenase and lipoxygenase metabolic pathways that may lead to the increased
formation of epoxyeicosatrienoic acids (EETs) and lipoxins respectively. EETs are present in
brain and act as potent vasodilators (Ellis et al. 1990) and possess anti-inflammatory and anti-
thrombotic effects (Larsen et al. 2006). EETs increase baseline cerebral blood flow in rats
(Alkayed et al. 1996) and have been shown to protect against cerebral ischemia in mice (Zhang
et al. 2007). Lipoxins are known to be anti-inflammatory mediators (Machado et al. 2006;
Schwab and Serhan 2006; Serhan and Savill 2005). These protective effects of EETs and
lipoxins may also be responsible for the COX-2 independent protective effects of selective
COX-2 inhibitors in various types of TBI in rats. Thus the acute administration of COX-2
inhibitors may have complex effects on arachidonic acid administration other than simply
decreasing the production of COX-2 regulated prostaglandins.

There are a number of limitations to the current study. Life long depletion of COX-2 activity
may induce compensatory changes in other proteins, such as increased expression of other
isoforms of COX. A recent study (Toscano et al. 2007) has reported that genetic disruption of
COX-2 in mice affects the transcriptional regulation of many genes in brain that are involved
in mitochondrial function, lipid metabolism, cytokine signaling and GABA neurotransmission.
These compensatory or alterative changes in gene expression could potentially confound the
results.

Mouse models of TBI also have some limitations. In order to produce a robust behavioral effect
with CCI in these studies, a severe impact was used that ablates most of the ipsilateral
hippocampus by 21 d. Thus, this model was not designed to detect long term histological
changes in hippocampus. Behavioral evaluation of mice after TBI is also limited since most
of the behavioral testing systems are designed for rats; thus sensitivity for detecting differences
in mice may be limited (Frick et al. 2000). Ultimately, strategies for acutely altering expression
or activity of COX-2 by non-pharmacological means such as inducible knock-outs and knock-
ins of COX-2 may provide a more definitive test of the hypothesis that COX-2 activity
exacerbates injury after TBI. Such studies are beyond the scope of the present experiments.

In conclusion, the current study suggests that the genetic deletion of COX-2 plays only a
minimal role in determining behavioral and histological outcome after TBI in mouse. COX-2
disruption diminished TUNEL staining in CA1 region 24 h after TBI. These results suggest
that COX-2 plays a role in exacerbating early cell death in CA1 in the early time period after
injury, effects that could be more robust at less severe injury levels. But COX-2 null mice did
not have improved histological or behavioral outcome at 21 days, suggesting that the protection
afforded by COX-2 deletion was transient in this model and limited to CA1. Previous reports
have shown that some, but not all, COX-2 inhibitors afford histological and behavioral
protection after TBI. This may be due the nonspecific effects of COX-2 inhibitors and
differences in severity and location of TBI in the various animal models used.
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Abbreviations
DFU  

5,5-dimethyl-3-3(3-fluorophenyl)-4-(4-methylsulfonal)phenyl-2(5H)-furanone

APP  
amyloid precursor protein

CCI  
controlled cortical impact

COX-2  
cyclooxygenase-2

EETs  
epoxyeicosatrienoic acids

PGE2  
prostaglandin E2

TUNEL  
terminal deoxynucleotidyl transferase-mediated dUTP nick end- labeling

TBI  
traumatic brain injury
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Figure 1.
Effect of controlled cortical impact-induced traumatic brain injury (TBI) upon COX-2
expression in mouse hippocampus after 24h. (A) Western blot showing COX-2 protein
expression in ipsilateral and contralateral hippocampi. (B) Bar diagram showing
densitometeric analysis of western blot. (C) Representative confocal photomicrographs
showing the expression of COX-2 in ipsilateral and contralateral hippocampi of wild type mice.
Double immunofluorescence staining of the fresh frozen sections against COX-2 (red) against
DAPI (a nuclear marker stain, blue) showed robust expression in CA3 region of ipsilateral
hippocampi. The data are represented mean ± S.E.; n= 3 animals per group. *p <0.04.
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Figure 2.
Effect of genetic disruption of COX-2 on hemispheric PGE2 concentrations in sham or
controlled cortical impact-induced traumatic brain injury in mice after 24 h. PGE2 levels in
COX-2 WT and COX-2 null mice were quantified as described in methods. Data are
represented as mean ± S.E., n = 7–9 animals per group. *P<.05. WT: wild type; TBI: traumatic
brain injury. * p <0.01.
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Figure 3.
A. Effect of genetic disruption of COX-2 on hippocampal neuronal TUNEL-staining 24 h after
controlled cortical impact-induced brain injury. Many neurons within CA1 and CA3 ipsilateral
to CCI TUNEL-stain in both COX-2 WT and COX-2 null mice (4X). Inset: CA3 (40X). B.
TUNEL positive counts in CA1, CA2 and CA3 regions of both the genotypes. Data are
represented as mean ± S.E., n = 9 animals per group. WT: wild type; TBI: traumatic brain
injury. * p <0.01.
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Figure 4.
Hemispheric brain volume (A) and lesion volume (B) 21 d after controlled cortical impact-
induced brain injury in COX-2 WT and COX-2 null mice. Data are expressed as means ± SE.
NS= non-significant. n= 16–18 animals per group. WT: wild type; TBI: traumatic brain injury.
* p < 0.01.
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Figure 5.
Effect of genetic disruption of COX-2 on Morris water maze performance in controlled cortical
impact-induced traumatic brain injury in mice after 14 days. The figure represents latency (sec)
to reach submerged and visible platforms in water maze. Data are expressed as means ± S.E.
n = 9–12 animals per group. WT: wild type; TBI: traumatic brain injury. * p<0.02. [repeated
measures ANOVA]
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