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Abstract
Exposure to hypoxia and hyperoxia in a rodent model of perinatal ischemia results in delayed cell
death and and inflammation. Hyperoxia increases oxidative stress that can trigger inflammatory
cascades, neutrophil activation, and brain microvascular injury. Here we show that 100% oxygen
resuscitation in our rodent model of perinatal ischemia increases cortical COX-2 protein levels, S-
nitrosylated COX-2cys526, PGE2, iNOS and 5-LOX, all components of the prostaglandin and
leukotriene inflammatory pathway.
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Introduction
Perinatal hypoxia ischemia (HI) occurs in 0.2-0.4% of all live births (Odding et al.,
2006;Platt et al., 2007;de Menezes and Shaw, 2006;Raju, 2006), and up to 60% in preterm
(< 37 weeks) or very low birth weight (<1500g) infants (Vannucci et al, 1999; Zanelli et al,
2008). Preterm birth has increased to 12-13% of US births (Allen, 2008; Heron et al., 2009)
becoming a major US health problem, with 100% O2 remaining a standard clinical treatment
(Bissinger and Ohning, 2006). In developing countries, perinatal asphyxia reports range
from 4 to 9 million cases of per year (Moss et al, 2002; Zanelli et al, 2008). Perinatal HI-
induced brain injury is a major cause of neonatal morbidity and mortality; often resulting in
developmental neurological deficits such as cerebral palsy, and delayed cognitive and
behavioral deficits associated with mental retardation (Boichot et al, 2006; Zanelli et al,
2008).

Using the Rice-Vannucci post natal day 7 (P7) rat model of HI (Rice et al., 1981), which
consists of unilateral common carotid artery ligation and hypoxia (8%O2), we and others
have found a significant increase in apoptotic and necrotic cell death in the hippocampus
and cortex of HI-injured neonatal Wistar rats (Hu et al., 2003; 2005; Gill et al., 2008; 2009;
Rice et al., 1981).

Increasing evidence indicates that inflammation and the inflammatory consequences of HI-
induced cell death with necrotic features contribute substantially to the pathogenesis
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associated with perinatal HI injury (Bockhorst et al., 2010; Fabian et al., 2008; Gill et al.,
2008; 2009; Hedtjarn et al. 2002; Hu et al., 2005; Qiu et al., 2004). We showed that HI +
100%O2 resuscitation (HHI) increased T2-weighted MRI lesion volumes, via increased
inflammatory and necrotic signaling, with no amelioration of cortical apoptotic signaling
compared to that after HI alone (Gill et al., 2008). Moreover, 100%O2 increased
endoplasmic reticulum (ER) calpain activation and ER Bax levels, suggesting that 100% O2
increases HI-induced Bax-mediated activation of ER cell death signaling and increases
inflammation (Gill et al., 2008).

Although oxidative stress, including O2
− production, is increased during reoxygenation and

reperfusion after HI (Saugstad, 2005): there are few data on the optimal use of oxygen, and
reports comparing hyperoxic and normoxic resuscitation show mixed results (Bagenholm et
al., 1996; Lundstrom et al, 1995; Munkeby et al., 2004; Shimabuku et al., 2005). It is known
that periventricular white matter and especially not fully developed oligodendroglia are
selectively damaged by HI-generated oxidative stress in humans (Back et al., 2002). HI is
known to stimulate inflammatory cytokine release (Hu et al., 2005) that in turn can further
increase oxidative stress, which can activate NF-κB and thus stimulate inducible nitric oxide
Synthase (iNOS) and cyclooxygenase-2 (COX-2; Hu et al., 2005).”Blockade of
interleukin-1beta (IL-1β ) stimulation of nuclear factor kappa B (NFkB) at the IL-1 receptor
or transcriptional level decreases HI-induced COX-2 and iNOS (Qiu et al., 2004; Hu et al.,
2005).

We have shown in our previous work that HI triggers an inflammatory cascade that is in part
mediated by the IL-1 → NFκB → iNOS/COX-2 pathway resulting in significant cell death
Hu et al., 2005). Decreasing effective IL-1β levels can be accomplished via anti-IL-1β
antibodies (Touzani et al. 1999) or inhibitors of the IL-1 converting enzyme (ICE; Hara et
al. 1997). Blockade of this pathway at the level of IL-1/IL-1R binding or NFκB binding to
cognate DNA promoters ameliorates cell death after HI (Qiu et al; 2001; 2004; Hu et al.,
2003; 2005).

Both IL-1α and IL-1β activate NF-κB, activator protein-1 (AP-1), and other transcription
factors,, which increase levels and activity of the free radical generating enzymes COX-2,
iNOS and 5-lipooxygenase (5-LOX; Dunn et al., 2002). However, the specific regulation of
the signaling mechanisms triggered by HI and the role of oxygen resuscitation in the
regulation of these signaling pathways are not well understood.

Cyclooxygenase-2 Prostaglandin H2 Synthase (COX-2) is the rate-limiting enzyme for the
conversion of arachidonic acid into prostaglandins. COX-2 is a membrane-bound heme-
dependent bis-oxygenase (cyclooxygenase) and hydroperoxidase that catalyzes prostanoid
synthesis (Smith et al., 2002). COX is present in the luminal surfaces of the ER and the
inner and outer membranes of the nuclear envelope (Morita et al., 1995; Spencer et al.,
1999). Cyclooxygenase (COX) is an important enzyme in the inflammatory process. There
are two isoforms of COX, designated COX-1 and COX-2. COX-1 is expressed
constitutively and appears to be responsible for ongoing physiological function, whereas
COX-2 is present only in certain tissues where it is transiently induced by growth factors,
inflammatory cytokines, tumor promoters, and bacterial toxins. Prostaglandin E2 (PGE2), a
product of the cyclooxygenation of arachidonic acid released from membrane phospholipids,
plays a critical role in inflammatory neurodegenerative conditions. iNOS binds and S-
nitrosylates COX-2cys526, an activating event associated with COX-2 translocation to cell
membranes and COX-2 catalytic activity (Kim et al., 2005). Normally COX-2 is localized in
the soma and dendrites of glutaminergic neurons (Kaufmann, et al, 1996) and induced by
synaptic activity (Yamagata, et al, 1993). However, increases in COX-2 during CNS trauma
are closely related to inflammation. Selective inhibition of COX-2 results in diminished

Perez-Polo et al. Page 2

Int J Dev Neurosci. Author manuscript; available in PMC 2012 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



lesion volumes and improved functional outcomes after CNS injury (Resnick, et al, 1998;
Hains et al., 2001). IL-1β-induced transcriptional up regulation of COX-2 via p65/p50 NF-
κB has been shown in vitro (Newton, et al, 1997), but little is known about such control
mechanisms in the in vivo nervous system. However, while COX-2 inhibitors are useful in
mechanistic studies of CNS trauma (Hains et al., 2001), their adverse side effects do not
make them promising therapeutic agents (Turini and Dubois, 2002; Flower, 2003).

Nitric oxide Synthase (NOS).
There is evidence that NO is an important mediator of ischemic and neurodegenerative
pathology in the CNS (Mizushima et al. 2002; Brown and Bal-Price 2003). NO is
endogenously produced as a byproduct of arginine metabolism by different NOS isoforms:
Neuronal (nNOS), endothelial (eNOS), and inducible NOS (iNOS). Both nNOS and eNOS
are constitutively expressed, whereas iNOS is expressed in response to a variety of stimuli
and there is a relationship between iNOS induction and ischemic lesions in brain (Almeida
and Bolanos, 2001; Hara et al. 1996;; Iadecola et al., 1995; Mizushima et al. 2002; Niwa et
al. 2001). It is thought that the increased production of NO by iNOS is partly responsible for
the propagation of HI injury through the toxic effects of NO reaction products, particularly
peroxynitrites (Rodrigo et al., 2001). For example, brain ischemia in the adult rat
significantly stimulates nNOS after 6h, whereas eNOS levels in microvessel endothelia
increase by 72h, as does iNOS, which also increases in activated astrocytes, macrophages
and microglia by 72h (Niwa et al., 2001). iNOS is also found after HI in the immature rat
brain (Ikeno et al., 2000). Importantly, administration of IL-1β to cultured brain endothelial
cells and hippocampal neurons induces expression of iNOS mRNA and increases NO
release (Bonmann et al. 1997; Serou et al. 1999). NO is a cause for cerebral ischemic
damage (Bolanos et al., 1999; Iadecola et al., 1995; Niwa et al. 2001) via energy depletion,
lipid and protein peroxidation, protein nitrosylation and DNA damage (Almeida and
Bolanos, 2001). Studies of eNOS protein and/or mRNA expression and NO production in HI
have shown mixed results (Cai et al., 1999; Kutzsche et al., 1999; Lubec et al., 1999; Van
den Tweel et al., 2005; Zhang et al., 1993). Inhibition of nNOS and iNOS has been found to
be protective in a rat model of cerebral HI (Hamada et al., 1994; Hains et al., 2001; Resnick,
et al, 1998; Trifiletti, 1992). These observations, and evidence showing that induction of
iNOS is regulated by NFκB p65/p50 (Teng et al. 2002), also support our hypothesis that
activation of p65/p50 by IL-1 after HI may further stimulate iNOS synthesis and NO
formation, which will in turn trigger cell death.

Besides regulation at the transcriptional level, there are interactions among the NO synthases
and COX-2 that play an important role in regulating blood flow and apoptosis/necrosis after
HI. For example, eNOS can be activated by Akt phosphorylation at Ser-1177 and Ser-614,
and protein kinase A (PKA) can also phosphorylate eNOS at both Ser-1177 and Ser-633.

Materials and Methods
All procedures involving animals were approved by the Animal Care and Use Committee at
UTMB. E15 pregnant Wistar rat dams (Charles Rivers Laboratories, Wilmington, MA) were
housed upon arrival in 12h light-dark cycle with access to food and water ad libitum and fed
a standard laboratory diet.

P7 HI model.
The day of birth is P0; on P1, Wistar rat litters were culled to 10 pups and the pups mixed
among dams to minimize litter effects. On P7 all pups are removed from dams, sexed,
weighed and randomly assigned to experimental groups. Multiple dams were ordered and
housed as described above, except that on P1 after culling to ten pups, the pups were mixed
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among the dams to minimize potential, confounding litter effects among the multiple
groups. Surgical protocols (Hypoxia-ischemia). Hypoxia-ischemia (HI) insult involving a
unilateral, permanent ligation of the common carotid was performed as described elsewhere
(Hu et al., 2005; Vannucci et al., 1999) with minor modifications. Briefly, anesthesia was
induced in P7 rat pups by 7-minute incubation in 5% isoflurane, balanced with blood-gas
grade 100% O2, in a 37°C E-Z anesthesia chamber (Euthanex Corp., Palmer, PA) with
maintenance of anesthesia at 2.0% isoflurane. As prolonged neuroprotective effects have
been observed with isoflurane incubations of greater than 1h (Loepke et al., 2006), care was
taken to ensure that no pup was anesthetized for longer than 0.75h. After a mid-neckline
incision, the left common carotid was isolated and ischemia was induced by
electrocauterization at two points, one rostral and one caudal, along the isolated artery using
a ball-end cauterizer. Double electrocauterization cut the left common carotid in the majority
of surgeries (>95%). In those cases in which the blood vessel did not sever, the artery was
cut between the two cauterization points using micro-spring scissors to prevent reperfusion
across cauterization points. Furthermore, care was taken not to damage the vagal nerve
which runs parallel and dorsal (underneath) the common carotid artery. After cauterization,
the mid-neckline incision was sutured with 5-0 P3 surgical silk and the pup was returned to
a normoxic (20.8% O2) 37°C chamber until the effects of the anesthesia dissipated (5-10
min). Sham pups were anesthetized, given the mid-neckline incision and, then, sutured.
Isolation of the left common carotid was not performed on sham pups as isolation of the
artery can produce minor (<1-2s) ischemia-reperfusion events (unreported observational
finding). The total time for performing ischemia surgery on a litter of pups was
approximately 1h. After the last pup recovered from anesthesia, the pups were returned to
the dam for a 2.5h recovery period to prevent any potential isoflurane-mediated respiratory
complications during the hypoxia component of the HI injury.

After the 2.5h recovery period, all pups were removed from the dam and placed either in a
normoxic 37°C chamber (sham) or hypoxic (8.0% O2 balanced with blood-gas grade
nitrogen) 37°C chamber for 1.5h. A small pet intensive care unit (ICU) (Harvard Apparatus,
Boston, MA) was used for the hypoxia chamber as its larger volume promoted greater
inertia of oxygen levels and its heated internal water bath reduced temperature variations
commonly observed with small chambers wrapped in heated water pads (unreported
observational finding). After the 1.5h period, designated 0h survival, pups were returned to
the dam until their randomly assigned survival time point. Cortices were collected from
sham (0h) and HI-injured pups at 3h, 1, 3, 7, 21days survival times after HI.

Western Blot Analysis.
Proteins determined by bicinchoninic acid (BCA) assay (Pierce, Rockford, IL). 50μg of
protein separated by SDS PAGE and transferred overnight at 4°C to PDVF membranes
(Millipore, Billerica, MA). PDVF membranes then blocked 1h rt in blocking buffer (BB)
and washed 2X in wash buffer (WB). Membranes then incubated overnight with primary
antibody. Western Blot Analysis. Proteins determined by bicinchoninic acid (BCA) assay
(Pierce, Rockford, IL). 50μg of protein separated by SDS PAGE and transferred overnight at
4°C to PDVF membranes (Millipore, Billerica, MA). PDVF membranes then blocked 1h rt
in blocking buffer (BB) and washed 2X in wash buffer (WB). Membranes then incubated
overnight with primary antibody. Primary antibodies were mouse anti-β-actin [1:15000]
(Sigma-Aldrich, Saint Louis, MO), anti COX-2 rabbit antibody (Cayman Chemical) 1:500
and anti iNOS rabbit (Cayman Chemical) 1:1000; mouse anti-poly-ADP-ribose polymerase
1 (PARP-1) (clone C-2-10) [1:500], and rabbit anti-IL-1β [1:500] Millipore, Billerica, MA).
After incubation with primary antibody, membranes were washed 6X/10min in WB and
incubated 1h/rt with secondary antibody. Secondary antibodies were goat horseradish
conjugated anti-mouse (anti-mouse-POD), rat adsorbed, and goat anti-rabbit F(ab’)2-POD,
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human and mouse adsorbed (Southern Biotech, Birmingham, AL). Secondary antibodies
were diluted 1:3000. Membranes were then washed 6X 10min in WB and developed for
enhanced chemiluminescence (ECL) system (GE Healthcare, Piscataway, NJ). Films were
scanned and densitometric analyses performed with AlphaEase software (Alpha Innotech,
San Leandro, CA). Sample outcomes were normalized to β-actin.

Cytosolic oligonucleosome ELISA.
Cytosolic oligonucleosome (DNA+histone complexes due to cleavage at interlinker regions
between histones on DNA) presence is a measure of apoptosis detected with Cell Death
Detection ELISA® (Roche Applied Sciences, Indianapolis, IN) at rt. Briefly, 96-well
microplates are coated for 1.5h with mouse monoclonal antibody diluted in coating buffer
(clone H11-4 to the histones H2A, H2B, H3 and H4). Plates are incubated in incubation
buffer 0.5h and 50μg cytosolic protein loaded in triplicate wells and incubated 1.5h. Then
microplates are washed 3X with wash buffer and incubated 1.5h in peroxidase-conjugated
antibody to DNA in incubation buffer. Microplates are washed 3X in wash buffer, incubated
5min to 1h in 2,2-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) (ABTS) substrate
solution on rotary shaker (250rpm) with multiple readings at 405nm with Dynex MRX™
microplate reader (Dynex Technologies, Chantilly, VA).

Biotin Switch:
S-nitrosylation will be determined using the biotin switch method. Samples are
homogenized with HEN buffer (25mM Hepes, ph7.7/0.1mM EDTA/0.01 mM necuproine).
The supernatant containing membrane fragments and the cytosolic protein recovered. The
samples are incubated for 30 min at 40° C with blocking solution containing HEN buffer,
0.1% SDS, and 20mM N-ethylmaleimide (NEM) to block free thiols. Lysates are
centrifuged at 16,000X g for 10 min at 40°C. Cold acetone is added to precipitate the
proteins. The pellets are resuspended in HEN buffer with 1% SDS, adding 20mM sodium
ascorbate to break the SNO bonds. The resulting free thiols in the sample are reacted with
0.05 mm biotinylating agent [N-(3-malemidylpropionyl) biocytin (MPB)] for 30min at room
temperature. The excess MPB is removed by additional protein precipitation in cold acetone,
immunoprecipitated with specific polyclonal Abs; immunoprecipitates are washed with
HEN buffer and resuspended in 50μl of HEN containing Laemmli sample buffer, boiled at
95°C for 5min, and electrophoresed (SDSPAGE).

Statistical analyses are performed with GraphPad Prism 5 software (GraphPad Software,
San Diego, CA). For analyses involving 2 groups, a student’s t-test is performed and p-value
less of than 0.05 considered significant. If variances for 2 groups are deemed significantly
different, a Welsh correction is added to student’s t-test. For analyses of 2+ groups, a one-
way analysis of variance (ANOVA) is performed with a Tukey-Kramer post-hoc test to
compare groups. A p-value less than 0.05 is deemed significant.

Results
HI increases cell death with apoptotic fatures and inflammation.

We used a modification of the Rice-Vannucci P7 rat model of hypoxia ischemia (Rice et al.,
1981), which consists of unilateral common carotid artery ligation and hypoxia (8%O2), a
clinically relevant hypoxia/ischemia (HI) rodent model that mimics the targeted infant
patient population. We showed that there is significantly increased cell death with both
apoptotic and necrotic features in the ipsilateral cortex by several criteria as early as 3h after
HI (Figure 1). Thus, HI-induced a 3 fold increase in caspase-3 cleavage and a 75% increase
in the presence of histone-DNA complexes in the cytoplasm both established outcomes
associate with imminent cell death with apopototic feataures (Figure 1). There was also a
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60% increase in nuclear cleavage of PARP and a 45% increase in IL-1β cleavage consistent
with the appearance of an inflammatory response (Figure 1).

Hyperoxia treatment of rat pups exposed to HI (HHI), or HI alone, increased COX-2 protein
levels.

In order to determine the inflammatory consequences of 100% oxygen resuscitation (HHI)
after HI, we measured COX-2 protein levels by Western immunoblot assays in three groups
of pups: sham-treated (SHAM; N = 3); hypoxia ischemia alone (HI; N = 3); and HI pups
treated with 100% oxygen after HI (HHI; N = 4). When rat pups were exposed to HHI or HI
alone, there was a significant two fold increase in COX-2 protein levels one day after the
HHI or the HI treatment. By day 7 after both treatments there was return fo COX-2 protein
to sham levels (Figure 2).

Hyperoxia treatment of rat pups exposed to HI (HHI) stimulated COX-2 activation via
Cysteine nitrosylation.

In order to assess activation of COX-2 via iNOS after 100% oxygen resuscitation (HHI)
after HI, we measured COX-2 cysteine nitrosylation using the biotin switch assay in three
groups of pups: sham-treated (SHAM; N = 3); hypoxia ischemia alone (HI; N = 3); and HI
pups treated with 100% oxygen after HI (HHI; N = 4). HHI, but not HI alone, increased
COX-2 nitrosylation more than 2 fold after 24 hours. Although the HI sample displayed
50% more COX-2 nitrosylation, the increase was not significant (p<0.10; Figure 3).

Hyperoxia treatment of rat pups exposed to HI (HHI) stimulated PGE2 levels.
Given that prostaglandin E2 (PGE2) is a product of the cyclooxygenation activity of COX-2,
we measured PGE2 levels after HHI and HI alone. HHI but not HI treatment resulted in
increased levels of PGE2 (pg/mg protein) after 24 hours although the increases were not
significant (Figure 4; p<0.1).

Hyperoxia treatment of rat pups exposed to HI (HHI) stimulated iNOS protein levels.
Apart from its role as an activator of COX-2, iNOS catalyzes the formation of nitric oxide,
which together with oxyl radicals generates the very toxic peroxinitrite (Figure 7). We
therefore measured iNOS protein levels by Western immunoblot assays in three groups of
pups: sham-treated (SHAM; N = 3); hypoxia ischemia alone (HI; N = 3); and HI pups
treated with 100% oxygen after HI (HHI; N = 4). HHI, but not HI alone, increased iNOS
protein levels significantly after 3 days (Figure 5). At later times, iNOS protein level values
for both HHI and HI alone were significantly lower than sham values.

Hyperoxia treatment of rat pups exposed to HI (HHI), or HI alone, increased 5-LOX protein
levels.

Five-lipooxygenase (5-LOX) is a complementary inflammatory enzyme in leukotriene
biosynthesis. In order to obtain a broader determination of the inflammatory response to
100% oxygen resuscitation (HHI) after HI, we measured 5-LOX protein levels by Western
immunoblot assays in three groups of pups: sham-treated (SHAM; N = 3); hypoxia ischemia
alone (HI; N = 3); and HI pups treated with 100% oxygen after HI (HHI; N = 4). Exposing
rat pups to both HHI or HI alone resulted in an almost 2 fold increase in 5-LOX three days
after treatment with a return to sham levels 7 days after either HHI or HI (Figure 6).

Discussion
We showed that there is significantly increased cell death with both apoptotic and necrotic
features in the ipsilateral cortex by several criteria as early as 3h after HI (Figure 1), peaking
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at 12h after HI and persisting until 48h post-HI, then decreasing to sham levels by 72h after
injury (Hu et al.,2003;2005; Gill et al., 2008). We also observed a prompt decrease in anti-
apoptotic signaling via Bcl-XL (Hu et al., 2003), consistent with the literature (Szaflarski
et.al., 1995).

When we measured cytosolic oligonucleosome levels and caspase 3 cleavage over time as
indicative of apoptotic cell death, and IL-1β and PARP-1 as measures of documented
inflammatory responses (Martin et al., 2005) (Fig. 1), our results showed that HI induced
inflammatory signaling and cell death.

Not surprisingly, both hypoxia and hyperoxia significantly increased COX-2 levels (Fig. 2)
although HHI did not appear to augment the HI effect suggesting that the major contribution
to COX-2 stimulation is by HI alone. Thus, hyperoxia treatment of pups exposed to HI had
no significant effect on the HI-induced increases in COX-2, consistent with hyperoxia
having no beneficial effects on inflammation and in agreement with earlier studies that
showed a similar lack of an effect of hyperoxia on edema formation (Ferrari et al., 2010a;b).
The opposite was the case for HI and HHI effects on COX-2 cys-nitrosylation levels (Fig.
3). While the HI-induced increase in COX-2 cys-nitrosylation levels was not significant, the
HHI-induced increase was significant. Levels of the COX-2 product PGE2 were also
selectively stimulated by hyperoxia treatment of the HI-exposed pups, consistent with a
general increase of COX-2 activity (Fig.5). Given that iNOS generates NO and also
uncouples eNOS via tyrosine nitrosylation (Fabian et al., 2008) and activates COX-2 via
cysteine nitrosylation (Kim et al., 2005), the simultaneous HHI-induced increases in COX-2,
iNOS (Fig. 4) and COX-2 cys-nitrosylation together with uncoupling of eNOS (Fabian et
al., 2008) may explain the absence of any beneficial effect or even deleterious effects of
hyperoxia treatment of HI.

The selective increases in 5-LOX after HHI but not HI treatment alone (Fig. 6-7) are
consistent with the hypothesis that although increased expression of enzymes with major
roles in free radical-generating pathways are important in hypoxia, the HHI-mediated
increased recruitment of the free radical generating pathway (5-LOX) and stimulaton of
post-translational modification of COX-2cys526 are to be considered in oxygen resuscitation
of the newborn (Fig. 7). These findings are also consistent with our earlier work on effects
of HI on NOS uncoupling, which also increases free radical generation (Fabien et al., 2008).

Given the broad spectrum of HI outcomes and evolving modifications to the clinical use of
oxygen resuscitation, it is unlikely that COX-2/iNOS levels alone are the only targets for
intervention. The central role played by IL-1 and perhaps NFkB as gatakeepers of
inflammation would suggest that a thorough knowledge of oxidative pathways downstream
may be clinically relevant.
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Figure 1.
Increased ipsilalteral cortical cell death 3h after HI as measured by caspase 3 cleavage,
cytoplasmic cytochrome c levels, nuclear PARP-cleavage, and IL-1β cleaved protein levels
normalized to sham-treated cortices. Sham values for each smaple normalized to actin
protein levels. Means ± SD. One way ANOVA, Tukey’s multiple comparison test. p values
are compared to shams.
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Figure 2.
Increased ipsilateral cortical levels of COX-2 protein at one and seven days after HHI or HI
alone normalized to sham-treated cortices. Sham values for each sample normalized to actin
protein levels. Sham and HI N = 3 and HHI N = 4. Means ± SD. One way ANOVA, Tukey’s
multiple comparison test. p values are compared to seven days post insult.
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Figure 3.
Increased ipsilateral cortical levels of nitrosylated COX-2-cys at 24 hours after HHI but not
HI normalized to Shams. +, − lanes contained a positive and negative control sample using
cis-platin stimulated cell extracts. Sham and HI N = 3 and HHI N = 4. Sham values for each
smaple normalized to actin protein levels. p values are compared to shams and HI animals.
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Figure 4.
Increased ipsilateral cortical levels of PGE2 at 24 hours after HHI but not HI normalized to
Shams. Sham and HI N = 3 and HHI N = 4. p values are compared to shams and HI animals.
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Figure 5.
Increased ipsilateral cortical levels of iNOS only at 3 days after HHI but not HI normalized
to Shams. N = 3 for Sham, HI and HHI. Sham values for each sample normalized to actin
protein levels. p values at three days are compared to sham or HI animals, at seven days
compared to sham animals, at 21 days both HI and HHI were significantly different from
sham animals.
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Figure 6.
Increased ipsilateral cortical levels of 5-LOX at 1, 3 and 7 days after both HHI and HI alone
normalized to Shams. Sham and HI N = 3 and HHI N = 4. Sham values for each sample
normalized to actin protein levels. p values are compared only to HI animals.
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Figure 7.
Scheme of inflammatory responses to HI and HHI.
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