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ARTICLE INFO ABSTRACT

Article history: The inflammatory response following traumatic brain injury (TBI) contributes to neuronal
Accepted 17 December 2012 death with poor outcome. Although anti-inflammatory strategies were beneficial in the
Available online 23 December 2012 experimental TBI, clinical translations mostly failed, probably caused by the complexity of

involved cells and mediators. We recently showed in a rat model of controlled cortical
impact (CCI) that leukotriene inhibitors (LIs) attenuate contusion growth and improve
neuronal survival. This study focuses on spatiotemporal characteristics of macrophages
Macrophage and granulocytes, typically involved in inflammatory processes, and neuronal COX-2
Granulocyte expression. Effects of treatment with LIs (Boscari/MK-886), started prior trauma, were
COX-2 evaluated by quantifying CD68%, CD43" and COX-2" cells 24 h and 72 h post-CCI in the
parietal cortex (PC), CA3 region, dentate gyrus (DG) and visual/auditory cortex (v/aC).
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Correlations were applied to identify intercellular relationships. At 24 h, untreated animals

showed granulocyte invasion in all regions, decreasing towards 72h. Macrophages
increased from 24 h to 72 h post-CCI in PC and v/aC. COX-2" neurones showed no temporal
changes, except of an increase in the CA3 region at 72 h. Treatment reduced granulocytes
at 24 h in the pericontusional zone and hippocampus, and macrophages at 72 h in the PC
and v/aC. COX-2 expression remained unaffected by LlIs, except of time-specific changes in
the DG (increase/decrease at 24/72h). Interrelations confirmed concomitant cellular
reactions beyond the initial trauma site. In conclusion, LIs attenuated the cellular
inflammatory response following CCI. Future studies have to clarify region-specific effects

and explore the potential of a clinically more relevant therapeutic approach applying LIs

after CCIL

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Traumatic brain injury (TBI) still represents a socio-economic
relevant disease, although extensive preclinical and clinical
research during the last decades yielded increasing insights
into pathophysiological processes (Maas et al., 2008). Numer-
ous efforts were made to develop neuroprotective
approaches, mainly addressing the typically associated neu-
ronal death with far-reaching consequences, e.g., long-term
motor and cognitive impairment or death. However, success-
ful translation of ‘neuroprotectants’ into clinical application
mostly failed (Jain, 2008; Loane and Faden, 2010). As a
consequence, an extended perspective of tissue damage
gains increasing acceptance which involves not only neu-
rones but also associated cell types - e.g., astro- and microglia
- and time-dependent alterations such as delayed secondary
injury (Loane and Faden, 2010; Lynch and Dawson, 1994).
Despite the fact that post-traumatic inflammatory cascades
are considered as complex due to the high number of
involved cell types, mediators and interactions, they are still
perceived as a promising therapeutic target (Harting et al,,
2008; Kadhim et al., 2008; Morganti-Kossmann et al., 2007;
Petraglia et al., 2011). Addressing the cellular part, an increase
of microglia and macrophages following experimental brain
injury was found, starting at the injured region but also
occurring in the hippocampus, thalamus and corpus callo-
sum, indicating cell alterations far beyond the initial trauma
site (Aihara et al., 1995; Chen et al.,, 2003). Furthermore,
evidence exists that these region-specific findings need to be
seen in a temporal context, as indicated for example by a time-
specific course of apoptosis in neurones and astrocytes following
fluid percussive brain injury (Conti et al., 1998).

Transmigrating cells (e.g., macrophages) were found to
produce a range of mediators such as cytokines with opposing
effects: Enforcing the inflammatory response at the contusion
zone and in remote areas, thought to be deleterious on one
hand, and promoting neuroprotection and regeneration on
the other hand (Harting et al.,, 2008; Kadhim et al., 2008;
Lenzlinger et al., 2001; Morganti-Kossmann et al.,, 2007). A
group of relevant mediators are leukotrienes and prostaglan-
dins, originating from arachidonic acid, enzymatically pro-
duced by 5-lipoxygenase (5-LOX) and cyclooxygenase (COX)
(Brain and Williams, 1990; Brock and Peters-Golden, 2007;
Funk, 2001). In contrast to prostaglandins, usually synthesised

at the endoplasmic reticulum and nuclear membrane of most
cell types, leukotrienes are mainly generated at the nuclear
membrane of inflammatory active cells, notably macrophages
and granulocytes (Funk, 2001). Concerning their pathophysio-
logical role after TBI, leukotrienes are considered to mediate
vascular permeability contributing to oedema formation,
which is further potentiated by prostaglandins (Brain and
Williams, 1990). Beside these vascular effects, prostaglandins
and leukotrienes are also known to mediate neurotoxicity via
glutamate targeting N-methyl-D-aspartate receptors, whose
activity is potentiated by arachidonic acid and its derivatives
(Bazan et al, 1995). These cytotoxic effects may help to
understand oedema formation following TBI, since a link
between blood-brain barrier opening and oedema formation
has been refuted (Beaumont et al.,, 2000). Concerning the
location of arachidonic acids in the post-traumatic brain,
experimental studies revealed an increased leukotriene con-
centration in the brain (Dhillon et al., 1996; Farias et al., 2009;
Kiwak et al, 1985) and in the cerebrospinal fluid (CSF;
Schuhmann et al.,, 2003), suggesting effects also apart from
the contusion site.

Based on the perspective of arachidonic acids and its
derivatives as mediators in traumatic brain injury, efforts
have been made to interrupt these inflammatory cascades in
order to inhibit neuronal cell death and to improve clinical
outcome (Jain, 2008). For this purpose, we recently tested in
the controlled cortical impact (CCI) model of focal brain
injury two leukotriene inhibitors with different modes of
action: MK-886 (Gugliucci et al., 2002; Rouzer et al., 1990)
and Boscari as a mixture of boswellic acids (Ammon, 2006;
Moussaieff et al., 2008). In these experiments, we demon-
strated an attenuation of brain contusion size and improved
neuronal survival following treatment (Voigt et al., 2012).

As a possible side effect of leukotriene inhibition, an
increase of prostaglandins and increased expression/activity
of the mediating enzyme COX (particularly the neuronal
isoform 2, COX-2) has been discussed, potentially resulting
in both excitotoxic and neuroprotective effects (Choi et al.,
2009; Serhan and Chiang, 2008). Furthermore, earlier studies
revealed COX-2 in the native and also post-traumatic brain
and postulated that synaptic activity is critically involved in
COX-2 regulation (Dash et al., 2000; Kaufmann et al., 1996,
1997; Kunz et al., 2002; Strauss et al., 2000; Strauss, 2008;
Yamagata et al., 1993).
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