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ABSTRACT

1-6، )12هيدروكسي5  ترمثايل   5،3،2 أثر  الأهداف:  دراسة 
AA-( عنصر  على  4-بينزوكوينون،  10دوديكادين1(-1،   ،
ومستوى   ،)P-selectin( وظهور   )ICAM-1( على   )861
 )MPO( ونشاط مايلوبيركسيديس ،)LTB4( 4 ليكوترين بي

.)TBI( لمدة 24 ساعة بعد التعرض للإصابة في الدماغ

الدراسة بمختبر قسم الصيدلة السريرية  الطريقة:  أجريت هذه 
بجامعة عثمان غازي - تركيا في عام 2006م. تم التحريض بإصابة 
باستعمال  )الجرذان(  الحيوانات  من  لمجموعتين   )TBI( الدماغ 
الأولى  المجموعة  استعمال  تم  الوزن.  لسقوط  فينيس  طريقة 
 )CD11a(و  ،)P-selectin(و  ،)ICAM-1( ظهور  لدراسة 
والخلايا المحببة باستعمال الجسم المستضد )HIS48(. تم استعمال 
ونشاط   )LTB4( مستوى  في  النسيج  لتغيير  الثانية  المجموعة 
)MPO(. تم التضحية بالجرذان عند 0.5، 4، 24، 48، 72 ساعة 

بعد الإصابة.

 P-selectin و   p=0.000001-ICAM-1 ذروة  كانت  النتائج: 
ساعة   48 عند  مرتفعة  وبقيت  ساعة،   24 عند   p=0.00002

)p=0.00012( و )p=0.00002(، وعند 72 ساعة
)P-selectin-p=0.00002( )ICAM-1-p=0.000008(

 ،)p=0.022( ساعة   72-24 عند   )HIS48( نسبة  ارتفعت 
ساعة   72 عند  فقط  ملحوظة   )CD11a( شدة  كانت  بينما 
 24 عند  ملحوظ  بشكل   )MPO( نشاط  ازداد    .)p=0.040(
  .)p=0.00001( وبلغ ذروته عند 48 ساعة ،)p=0.00077( ساعة
 ،)p=0.000004( بشكل ملحوظ عند 4 ساعات )LTB4( ازداد
قبل  ما  خمدت    .)p=0.000001( ساعة   24 عند  ذروته  وبلغ 
و   ،p=0.0053-ICAM-1 بعنصر )AA-861( ظهور  المعالجة 
و انخفض  الدقيقة  الأوعية  بطانة  على   p=0.0018-P-selectin
 24 عند   p=0.008-LTB4 p=0.0007-MPO ومستوى  نشاط 

ساعة.

خاتمة:  إن عنصر )AA-861( قد يكون وسيط رئيسي في علاج  
.)TBI( إصابات الدماغ

Objective: To study the effect of 2,3,5-Trimethyl-6-
(12-hydroxy-5,10-dodecadiynyl)-1,4-benzoquinone 
(AA-861) on intercellular adhesion molecule 1 
(ICAM-1) and P-selectin expression, leukotriene B4 
(LTB4) level, and myeloperoxidase (MPO) activity 24 
hours after traumatic brain injury (TBI).

Articles

Methods: This study was carried out in the laboratory 
of the Department of Clinical Pharmacology,  
Osmangazi University, Eskisehir, Turkey in 2006. 
Traumatic brain injury was induced in 2 sets of 
animals using Feeney’s weight-drop method. The 
first set was used to study the expression of ICAM-
1, P-selectin, CD11a, and mouse anti-rat granulocyte 
monoclonal antibody (HIS48). The second was used 
to study tissue changes in LTB4 level, and MPO 
activity. The rats were sacrificed at 0.5, 4, 24, 48, and 
72 hours post-injury.

Results: Intercellular adhesion molecule (p=0.000001) 
and P-selectin expression (p=0.00002) peaked at 24 
hours, remained high at 48 hours (p=0.00012 for 
ICAM-1, and p=0.00002 for P-selectin), and 72 hours 
(p=0.000008 for ICAM-1, p=0.0011 for P-selectin). 
The HIS48 intensity was significantly increased at 
24-72 hours (p=0.022), while the intensity of CD11a 
became significant only at 72 hours (p=0.040). 
Myeloperoxidase activity increased notably at 24 hours 
(p=0.00077), and peaked at 48 hours (p=0.00001). The 
LTB4 increased markedly at 4 hours (p=0.000004), 
and peaked at 24 hours (p=0.000001). Pretreatment 
with AA-861 considerably suppressed the expression 
of ICAM-1 (p=0.0053), and P-selectin (p=0.0018) 
on microvascular endothelium, and lowered MPO 
activity (p=0.0007), and LTB4 level (p=0.008) at 24 
hours. 

Conclusion: The present results suggest that AA-861 
might be a potential mediator in the treatment of 
brain inflammation in TBI.
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Accumulation of polymorphonuclear leukocytes 
(PMLs) and monocytes in traumatic brain injury 

(TBI) is identified to contribute to the pathogenesis 
of secondary brain damage. Inflammatory leukocytes 
migrating from blood vessels following TBI can mediate, 
at least in part, neuronal injury, cerebral edema, elevated 
intracranial pressure, and hyperemia.1-3 An influx 
of neutrophils at sites of lesion occurs 24-48 hours 
after TBI, and requires the interaction of circulating 
inflammatory cells with vascular endothelium.4-6 
Blood-borne inflammatory cells in TBI initially bind 
to vascular endothelium by low-affinity adhesive 
forces that are sensitive to shear stress. This low affinity 
binding, results in a rolling phenomenon of circulating 
inflammatory cells, a process mediated by the selectin 
family of adhesion molecules, including intercellular 
adhesion molecule-1 (ICAM-1). Activation in the 
expression of CD11/CD18 glycoprotein on leukocytes, 
and up-regulation of endothelial ICAM-1 and P-selectin, 
strengthens inflammatory cell-vascular endothelium 
interaction, thereby, resulting in firm adhesion that 
is resistant to shear stress.6-8 Myeloperoxidase (MPO), 
a lysosomal enzyme secreted by activated PML, is 
released in phagolysosomes during phagocytosis.9 
Myeloperoxidase activity is used as an indicator 
of leukocyte accumulation in the injured brain.10 
Moreover, production of leukotrienes from arachidonic 
acid through 5-lipoxygesase (5-LO) pathway, is shown 
to be involved in the pathogenesis of inflammatory 
immune reactions, blood-brain barrier damage, 
edema formation, cerebral blood flow disturbances, 
and ultimately neuronal death.11-13 Leukotriene B4 
(LTB4), and 5-hydroxyeicosatetraenoic acid (5-HETE) 
are prominent chemo attractants factors for PMLs in 
inflammation.14 The control of PMLs influx following 
TBI is shown to attenuate secondary brain damage 
in a rat model.2 In addition to blocking binding of 
leukocytes to vascular endothelium using antibodies,15,16 
several compounds that inhibit PMLs influx were 
used.11,17 As metabolites of 5-LO pathway contribute 
to inflammation in injured brain,11 we postulated that 
2,3,5-Trimethyl-6-(12-hydroxy-5,10-dodecadiynyl)-
1,4-benzoquinone (AA-861), a specific 5-LO inhibitor, 
can be used to restrain PMLs influx. The AA-861 is 
demonstrated to inhibit the formation of 5-HETE, 
and LTB4 synthesized from endogenous arachidonic 
acid from stimulated rat macrophages.18 Although the 
effects of AA-861 on blood brain barrier permeability 
and edema was examined in ischemia and experimental 
brain tumors,12,19 the effect of AA-861 on PMLs 
accumulation in post traumatic brain was not studied. 
In this study, we aimed to evaluate the therapeutic 
value of AA-861 by examining ICAM-1, and P-selectin 
expression on microvascular vessels, MPO activity, and 
LTB4 production in a TBI rat model. 

Methods. The experiment was carried out in the 
laboratory of the Department of Clinical Pharmacology, 
of Osmangazi University Medical School, Eskisehir, 
Turkey in 2006. In this study, a total of 97 adult male 
Sprague-Dawley rats weighing 250-350 grams were used. 
Animal care was in compliance with the guidelines of 
the Medical Faculty of Eskisehir Osmangazi University 
Research Council Criteria. The animals were kept at 
room temperature, and had free access to food and 
water. Animals were anesthetized with a combination of 
ketamine hydrochloride (60 mg/kg), and xylazine (12 
mg/kg) administered intraperitoneally. Atrophin sulfate 
(10 mg/kg) was also given to prevent excessive pulmonary 
secretion. The trachea was intubated with a 14 gauge 
angiocatheter, and lungs were mechanically ventilated 
using a small rodent ventilator (Ugo Basile Biological 
Research Apparatus, Comerio, Italy). Ventilation setting 
was adjusted for maintaining an arterial carbon dioxide 
partial pressure of 30-40 Torr, and a pH 7.3-7.5. There 
was no significant difference between groups related to 
pH, and blood gases. A femoral catheter was inserted 
into the left femoral artery for continuous monitoring 
of blood pressure and arterial blood sampling (Nihon-
Coherder System, Tokyo, Japan). The experiment was 
performed under normotensive conditions, and a rectal 
probe was also inserted for continuous monitoring of 
body temperature, which was maintained at 37±0.5ºC 
by means of an automated heat lamp. Traumatic brain 
injury was induced using a modification of Feeney’s 
weight-drop method. We designed a new device to semi-
automate the experimental trauma method of Feeney.20 
A craniotomy was made over the right parietal cortex 
with a dental drill. The coronal and interparietal sutures 
were used as landmarks. Cerebral injury was introduced 
using an electrical circuit switch, which caused a 10 g 
brass rod (3.0 mm diameter, 15.2 cm length) to drop 
from a distance of 5 cm through a Plexiglas guide tube, 
onto exposed dura over the right parietal cortex. After 
the scalp trauma incision was closed, the rats were 
allowed to ventilate mechanically at least 0.5 hours 
until they recovered. Then, the rats were returned to 
their cages. The experiment was performed in 2 sets of 
animals. The first set was used to study the expression of 
ICAM-1 (CD54), P-selectin, CD11a (the alfa-chain of 
lymphocyte function-associated antigen-1), and a mouse 
anti-rat granulocyte monoclonal antibody (HIS48). A 
group of animals (n=3) undergoing craniotomy alone 
was used as control. The rats subjected to cerebral 
injuries were randomly divided in 5 groups (n=4 for 
each group) as: surviving 0.5, 4, 24, 48, and 72 hours 
post-injury. The rats were reanesthetized and perfused 
with 100 ml saline, via left cardiac ventricle, and killed 
by decapitation. The brains were removed and sectioned 
coronally through the center of the contusion. Three 
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coronal sections passing through the contusion taken 
from each rat were analyzed. Freshly prepared slides were 
used to study the expression of ICAM-1 (CD54), P-
selectin, CD11a, and HIS48. Both anterior and posterior 
segments of brain were placed in mounting media. 
Alternate coronal cryostat sections (7 µm) were placed 
on poly-L-lysine coated glass slides, fixed in acetone (5 
minutes, at 25ºC), and stored at -20ºC. Subsequently, 
the sections were washed for 2 minutes in phosphate-
buffered saline (PBS) at pH 7.4, incubated for 3 minutes 
in 3% H2O2 to quench endogenous peroxidase activity, 
then washed in PBS containing 2% normal goat serum. 
The sections were incubated with primary monoclonal 
antibodies including anti-rat granulocyte (HIS48, used 
at 1:50 dilution, Pharmingen, San Diego, CA, USA), 
CD11a integrin α chain (LFA-1, used at 1:100 dilution, 
Pharmingen), P-selectin (CD62P, used at 1:100 dilution, 
Pharmingen), and purified anti-rat CD54 (ICAM I, 
used at 1:500 dilution, Pharmingen). Antibody staining 
was optimized using different dilutions until obtaining 
a clear signal with minimal background staining. The 
sections were first incubated with primary monoclonal 
antibodies in a humidified chamber for one hour. After 
thorough washing in PBS for 10 minutes, the sections 
were reacted with biotinylated goat-anti-mouse IgG 
(at 1:100 dilutions) for one hour. After washing the 
sections in PBS, the reaction was visualized using ABC 
reagent for 30 minutes. The slides were counterstained 
with hematoxylin, dehydrated, and mounted before 
the microscopic evaluation. An observer blinded to the 
treatment group obtained all immunohistochemical 
data. To quantitate the expression of ICAM-1 and 
P-selectin, the mean number of immuno-labeled 
vascular profiles in 10 microscopic fields (x400) of 
slides produced from the injured and non-injured 
hemispheres was counted. The microscopic fields were 
randomly selected from different regions of the slides. 
The intensity of immunoreactivity was evaluated as 
minimal, moderate, and intensive. The expression of 
CD11a and HIS48 was evaluated semi-quantitatively 
using an Olympus microscope at x400 and scored on 
a 3-point scale (0: no staining, 1: faint or moderate 
staining, and 2: intense staining). The second set was 
used to determine the time dependent tissue changes in 
LTB4 level and MPO activity. Sham-operated rats (n=7) 
that underwent craniotomy alone were used as a control. 
The rats were randomly divided into 5 groups (n=9 for 
each group) and allowed to survive 0.5, 4, 24, 48, and 
72 hours post-injury. The rats were re-anesthetized and 
perfused with 100 ml saline via left cardiac ventricle. 
The brains were removed quickly and frozen in liquid 
nitrogen and stored at -800C to determine LTB4 level 
and MPO activity. Myeloperoxidase activity and LTB4 
were examined on the brain cortical and subcortical 

tissue taken from the contusion site including 3-4 mm 
in diameter neighboring area. Myeloperoxidase activity 
was assayed according to the method of Suzuki et al21 
and expressed as U/g wet weight. Briefly, the samples 
were homogenized initially in 50 mmol/lt potassium 
phosphate buffer and were centrifuged at 1500g for 
10 minutes. A total of 500 ml homogenate was then 
centrifuged at 40,000g for 15 minutes at 4ºC. The 
supernatant was used to determine MPO activity. 
Analysis of LTB4 was carried out using an enzyme 
immunoassay (EIA) commercial kit as instructed by the 
provider (Amersham Life Science, UK) and expressed 
as pg/g wet weight. AA-861 (Wako Chemicals GmbH, 
Germany) was dissolved in dimethylsulfoxide (DMSO) 
and 0.1-0.125 ml of this preparation was used for 
each injection as described by Iyobe and coworkers.22 
Three animals in the first set and 9 animals in the 
second set were treated with AA-861 at 60 mg/kg dose 
intraperitoneally, 0.5 hour before the TBI. The same 
volume of DMSO was used as vehicle. The AA-861-
treated animals in the first set were used to examine the 
effect of AA-861 on ICAM-1 and P-selectin expression 
on microvascular endothelium. The AA-861-treated 
animals in the second set were used to assess the effect of 
AA-861 on LTB4 level and MPO activity. The vehicle 
(0.1-0.125 ml of DMSO) was given into 3 rats in the 
first set and 7 rats in the second set of animals. Both 
AA-861-and vehicle treated rats were killed at 24 hours 
post-injury

Statistical evaluations. The data were presented as 
means ± SEM and analyzed using SPSS for windows 
15.0. If data showed normal distribution and did not 
have homogeneity of variances, the significance of the 
differences between groups was determined by Tamhane 
test after calculating one-way analyses of variance 
(ANOVA). If the data had a normal distribution and 
homogeneity of variance, Turkey’s tests were performed. 
Semiquantitatively scored data for granulocyte and 
CD11a were analyzed using the rank sum test to 
determine significant difference from sham control. 
Values smaller than p<0.05 were accepted as statistically 
significant.

Results. To determine the ICAM-1 expression at 
selected times, purified anti-rat CD54 (ICAM-1) was 
used. Representative sections illustrating typical labeling 
patterns for anti-rat CD54 are presented in Figure 1. The 
ICAM-1 positive vessels were few in number in sham-
operated rats. In traumatized animals the number of 
ICAM-1 positive vessels started to increase at 0.5 hours, 
peaked at 24 hours (p=0.000001), and remained high at 
48 hours (p=0.00012) and 72 hours (p=0.000008) post-
injury when compared to sham control (Figure 2). The 
number of ICAM-1 positive vessels in non-traumatized 
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Figure 1 - Adhesion molecule 1 (ICAM-1) expression on cerebrovascular endothelium at selected times. Panels A, B, and C show 
ICAM-1 immunoreactivity at 0.5 (arrow), 24 (arrow heads), and 72 hours (arrow), after traumatic brain injury in 
traumatized hemispheres. Panel D shows the effect of AA-861 on ICAM-1 expression at 24 hours post trauma. The 
ICAM-1 immunoreactivity is weak at 0.5 and 72 hours (panels A & C), intense at 24 hours (panel B). The AA-861 
pretreatment significantly lowered the ICAM-1 intensity (panel D, arrow). Note that the number of ICAM-positive 
cells was numerous at 24 hours after injury. Original magnification, x200. AA-861 - 2,3,5-Trimethyl-6-(12-hydroxy-
5,10-dodecadiynyl)-1,4-benzoquinone

Figure 2 - The number of adhesion molecule 1 (ICAM-1) positive 
vessels in traumatized and non-traumatized hemispheres 
after traumatic brain injury. AA-861 administration notably 
reduced the number of ICAM-1 positive vessels at 24 hours 
compared to 24 hours of traumatized and vehicle-treated (Vhl) 
groups. Data are expressed as means±SEM. *Significant at 
p<0.05, **Significant at p<0.01, and ***Significant at p<0.001. 
Letter ‘a’ denotes statistical significance at p<0.001 and ‘b’ at 
p<0.01 in non-traumatized hemispheres compared to non-
traumatized cortex in sham-operated rats.

hemispheres also increased by 24 hours (p=0.000078) 
and stayed similar at 48 hours (p=0.0077) and 72 hours 
(p=0.000017). Pretreatment with AA-861 significantly 
suppressed the number of ICAM-1 positive vessels at 
24 hours in comparison to 24 hours of traumatized 
(p=0.0022) and vehicle-treated (p=0.0053) groups. 
P-selectin regulation was studied at selected times with 
anti-rat CD62P reactivity (Figure 3). Sham-operated 
animals showed few numbers of vessels having weak 
anti-rat CD62P reactivity. In traumatized animals, the 
number of P-selectin positive vessels began to increase 
at 0.5 hours, and reached a maximum at 24 hours 
(p=0.00002), then while slightly reduced, it remained 
high at the 48 (p=0.0002), and 72 hours (p=0.0011) 
(Figure 4). The number of P-selectin positive vessels in 
non-traumatized hemispheres was increased notably at 
24 hours (p=0.021), and 72 hours (p=0.0063), compared 
to that of non-traumatized hemispheres of sham-
operated animals. Similar to ICAM-1 findings, AA-861 
administration considerably reduced the number of 
P-selectin positive vessels at 24 hours (p=0.0018). No 
significant effect of vehicle treatment was observed on 
the number of P-selectin positive vessels at 24 hours, 
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Figure 3 - P-selectin expression on cerebrovascular endothelium at selected times. Panels A, B, and C show P-selectin immunoreactivity at 0.5 (arrow), 24 
(arrow heads), and 72 hours (arrow), after traumatic brain injury in traumatized hemispheres. Panel D shows the effect of AA-861 on P-selectin 
expression. P-selectin immunoreactivity was weak at 0.5 and 72 hours (panel A & C); intense at 24 hours (panel B). The AA-861 pretreatment 
also significantly lowered the P-selectin intensity (panel D, arrow). Note that there are several P-selectin-positive cells at 24 hours after injury. 
Original magnification was x200 for panel A, B, D and x 400 for panel C. AA-861 - 2,3,5-Trimethyl-6-(12-hydroxy-5,10-dodecadiynyl)-1,4-
benzoquinone

Figure 4 -The number of P-selectin positive vessels in traumatized-and 
non-traumatized hemispheres after traumatic brain injury. 
In addition to adhesion molecule 1 (ICAM-1), AA-861 
pretreatment considerably lowered the number of P-selectin 
positive vessels at 24 hours. Vhl: Vehicle-treated group. 
Data are expressed as means±SEM. **Significant at p<0.01, 
and ***Significant at p<0.001. Letter ‘a’ denotes statistical 
significance at p<0.05 and ‘b’ at p<0.01 in non-traumatized 
hemispheres compared to non-traumatized cortex in sham-
operated rats.

Figure 5 - Semiquantitative scores of CD11a and HIS48 positive cell 
in the injured cortex at selected times. The HIS48 positive 
cell number was most intense at 48 hours. Values represent 
the means semi-quantitative immunohistochemical intensity 
score±SEM. Mann-Whitney (Rank sum test) test was used 
to determine significant differences from sham control. 
*Significant at p<0.05.  
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Figure 6 - CD11a expression in traumatized brain parenchyma: A few CD11a positive leucocytes were observed at 24 hours 
(panel A, arrow) and further increased at 72 hours at the injury site (panel B, arrows). Magnification x 400.

Figure 7 - Immunohistochemical study of 
granulocytes shown by anti-rat HIS48 
antibody. Panel A, B, and C show 
granulocytes positive for HIS48 
localized on vessels wall (panel A, 
arrows), in brain parenchyma at 
24 hours (panel B, arrows), and in 
parenchyma only with abundant 
accumulation at 48 hours postinjury 
(panel C, only one example of cells 
positive for HIS48 marked with arrow 
head). Original magnification was x400 
for panel A and C, and x800 for panel 
B. 

Figure 8 - Myeloperoxidase (MPO) activity in the traumatized 
hemispheres. The AA-861 significantly lowered MPO activity 
at 24 hours when compared to trauma and vehicle-treated 
(Vhl) groups. Data are expressed as means±SEM. Tamhane 
post hoc test was used following ANOVA. **Significant at 
p<0.01, ***Significant at p<0.001. Letter ‘a’ denotes statistical 
significance at p<0.001. 

Figure 9 - Leukotriene B4 (LTB4) level in the contused tissue after 
traumatic brain injury. The AA-861 injection obviously reduced 
the LTB4 level at 24 hours when compared to traumatized and 
vehicle treated (Vhl) groups at 24 hours. Data are expressed 
as means±SEM. **Significant at p<0.01, and ***Significant at 
p<0.001.  
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and the inhibitory capacity of AA-861 was evident with 
regard to vehicle. 

Semiquantitative scores of CD11a, and HIS48 
labelling are shown in Figure 5. Expression of LFA-1 
(CD11a), ligand for ICAM-1, was assessed using an 
antibody against it. The HIS48, an anti-rat granulocyte 
monoclonal antibody, was used to indicate leukocyte 
accumulation following TBI. Based on our 3-point 
scale system, no CD11a and HIS48 positive cells were 
found in the sham-operated animals. There was no 
CD11a stained cells at 0.5 hours, and at 4 hours in the 
traumatized groups. The CD11a positive cells started 
appearing at the 24 hours (Figure 6A), and reached a 
peak at 72 hours (p=0.040, Figure 6B). Similarly, HIS48 
stained cells were absent at 0.5 and 4 hours, except for 
one animal that showed positive staining at 4 hours. 
The HIS48 positive granulocytes were abundant at 
24 hours (p=0.022), and further increased by 48 
hours (p=0.025), and began decreasing at 72 hours 
(p=0.0022). Granulocytes resided on the vascular wall, 
or in brain parenchyma at 24 hours (Figure 7A & 7B), 
whereas, by 48 hours, most of the granulocytes were 
localized exclusively in brain parenchyma (Figure 7C). A 
comparison of MPO activity in the injured hemisphere 
was made among sham-operated animals, traumatized 
animals, traumatized animals pretreated with AA-861, 
and traumatized animals pretreated with vehicle. Profiles 
of MPO activity in the injured brain tissue homogenate 
are illustrated in Figure 8. There was weak MPO activity 
in controls. Post traumatic brain PMLs accumulation, 
as measured by MPO activity, in the traumatized group 
was not significantly different from the sham-injured 
group at 0.5 and 4 hours after TBI. Polymorphonuclear 
leukocytes influx into injured cortical and subcortical 
regions was significantly increased at 24 hours 
(p=0.00077), peaked at 48 hours (p=0.00001), and then 
began reducing at 72 hours (p=0.003) after trauma. 
The AA-861 administration significantly reduced 
PMLs influx into injured tissue by 64% compared to 
traumatized animals (p=0.00021), and by 54% compared 
to vehicle treated animals (p=0.0007) 24 hours after 
trauma. Leukotrienes are potent chemotactic substances 
that increase vascular permeability, and exacerbate the 
cellular damage upon their release. Therefore, in this 
study, we measured LTB4 as a cerebral injury marker in 
traumatized animals, and examined the AA-861 effect 
on its production. Leukotriene B4 levels in the contused 
brain tissue are illustrated in Figure 9. Leukotriene 
B4 levels in traumatized animals were maintained at 
the sham-injured control level at 0.5 hours after TBI. 
Leukotriene B4 level in the traumatized group was 
markedly elevated at 4 hours (p=0.000004), and peaked 
at 24 hours (p=0.000001), and maintained its elevated 

levels at 48 hours (p=0.0077) and 72 hours (p=0.0005). 
The AA-861 pretreatment markedly reduced the LTB4 
level at the 24 hours when compared to traumatized 
(p=0.00005) and vehicle treated (p=0.008) groups at 24 
hours.

Discussion. Mild focal traumatic cerebral injury 
was chosen in this study, to assess the mechanisms of 
inflammation after TBI, as previously applied.4,15,23 

Inflammation-derived secondary injuries in brain 
are frequent sequelae of ischemic, and traumatic 
injury in the clinical settings. Consistent with earlier 
studies,15,24-26 the present study showed an increased 
number of ICAM-1 and P-selectin-immunostained 
microvessels, preferentially capillaries at the site of the 
injury. By comparing the results with sham-operated 
animals, we observed an up-regulation of ICAM-1 and 
P-selectin in the endothelial cells of microvessels at the 
site of the lesion, and this event lasted for at least 72 
hours after injury. The kinetics of P-selectin expression 
was similar to that of ICAM-1, indicating a simultaneous 
regulation of these molecules. The up-regulation of 
ICAM-1 and P-selectin, therefore, coincides in time 
with the period at which many secondary injuries are 
produced in the traumatized or ischemic rat brain.25-29 
Furthermore, tumor necrosis factor-α (TNF-α) and 
IL-1β stimulation are shown to increase P-selectin 
and ICAM-1 expression in the cultured murine brain 
microvascular endothelial cells.30,31 A similar study32 
shows that stimulation of cultured brain endothelial 
cells by TNF-α increases P-selectin expression, and 
leucocytes adhesion. Similar to our results, in previous 
studies endothelial adhesion molecules in ischemic 
brain injury are shown to remain up-regulated at least 
for 7 days.27,28 Persistent up-regulation of ICAM-1 
and P-selectin expression might be explained by the 
stimulation of cytokines secreted by cells at the site of 
inflammation. Moreover, expression of these molecules 
on vessels in the contralateral, non-traumatized 
hemisphere was reduced, and delayed (meaningful 
at 24, 48, and 72 hours for ICAM-1, and only 72 
hours for P-selectin). This observation suggests that 
up-regulation, and persistent expression of adhesion 
molecules on vasculature endothelium remote from the 
injury site, may be due to regional release of cytokines 
that are shown to be elevated following TBI.33 

While PMLs play a beneficial role in fighting 
against bacterial infection,34 they have been shown to 
be detrimental in the response to ischemia, reperfusion 
or trauma, through production of toxic oxidative 
metabolites, and hydrolytic enzymes.35-37 In order for 
PMLs to migrate and accumulate at the injury site, they 
must first adhere to local microvasculature endothelial 
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cells. One of the essential molecules in this process 
includes CD11a/CD18 (LFA-1) in leukocytes, its 
principal endothelial ligand is ICAM-1 or ICAM-2.7 

The CD18 expression in stroke patients seems to appear 
later in blood, and stay for several days. Kim et al38 

showed that CD11a expression significantly increases 
within 72 hours, and remains up-regulated for 5-7 days 
while CD18 expression becomes weak at later days. 
Another study28 reports similar results, in which several 
CD11a positive leucocytes are seen at day 3, and sustain 
remarkably for 7 days after MCA occlusion/reperfusion 
injury in rats. This finding suggests that CD11a-mediated 
leukocyte interaction with endothelial ICAM-1 appears 
to take place at the late phases of brain injury. 

When the present data are considered along with 
previously published data,3,15,25,28,39 demonstrating a 
deleterious role for ICAM-1 and P-selectin expression 
in stroke and trauma, it becomes increasingly apparent 
that there are multiple means for recruiting PMLs 
to post traumatic cortex and that blockade of each, 
represents a potential strategy to improve trauma 
outcome in patients. Monoclonal antibodies directed 
against CD11a, ICAM-1, and P-selectin epitopes or 
knocking out the genes that encode these molecules, 
have been shown to reduce PMLs accumulation, 
edema, and infarct volume and improve motor test 
scores, and spatial memory as well.3,15,16,29,32,40,41 In this 
study, granulocytes were at contact with endothelial 
cells on vessel wall at 24 hours. At 48 hours post-injury, 
granulocytes were more abundant, and MPO activity 
was at its peak level, suggesting that much more PMLs 
accumulation occurs in 48 hours. Carlos et al15 obtained 
similar results in a weight drop trauma model in which 
the peak PMLs infiltration occurred at 48 hours after 
TBI. Moreover, our results are further supported by 
the study of Clark et al.4 In their study, they showed 
that PML infiltration as indicated by MPO activity was 
widespread at 24-48 hours in both controlled cortical 
impact, and weight drop models. In contrast to earlier 
studies showing that PMLs accumulation starts to 
increase 4-6 hours post trauma,5,23 such regulation of 
PML was not observed in this study. The reason for this 
conflict may be explained by the severity of the trauma 
generated during the experiment.

Leukotriene B4 was shown to be involved in the 
pathogenesis of ischemic brain edema and PML 
infiltration.11,42,43 Brain tissue LTB4 level in the 
current study increased significantly 4 hours after TBI, 
and remained elevated throughout the experiment. 
Eicosanoid production in early stages of trauma, and 
infiltrated leukocyte can be counted for elevated 
LTB4 level. The lipoxygenase pathway involved in 
the production of LTB4 from PMLs in response to 
microorganism-derived products, and in autoimmune 

encephalomyelitis.37,44 Furthermore, concentrations of 
LTB4 in the cerebro-spinal fluid of rats after TBI are 
shown to increase significantly at 4 hours, and peak 
at 24 hours, and changes in LTB4 concentration are 
directly correlated with that of leukocyte infiltration, 
indicating that increased LTB4 concentration induces 
initiation and accumulation of PML infiltration.45 In 
addition, LTB4 has potent chemotactic activity for 
PMLs.14 Binding of LTB4 to its receptor has been 
reported to be highly correlated with MPO activity 
in a timely manner in cerebral focal stroke in rats.46 
Although alterations in the expression of endothelial 
molecules in animal models of trauma, ischemia and 
reperfusion have been studied, in this study, we define 
the effect of AA-861 pretreatment on the expression 
of these molecules following TBI. As ICAM-1 and 
P-selectin expression, LTB4 level, and MPO activity 
notably increase at 24 hours after TBI, we examined 
the effect of AA-861 pretreatment 24 hours after TBI 
on these molecules. The results of this study confirm 
that AA-861 pretreatment exerts a protective effect in 
trauma by lowering ICAM-1 and P-selectin expression, 
thereby reducing PMLs accumulation as indicated by 
MPO activity. In the early studies, AA-861 is shown to 
inhibit elevation of LTC4/LTB4 ischemia/reperfusion 
injury in rat, and 5-lipoxgenase pathway in guinea pig 
peritoneal PMLs.47,48 Furthermore, the administration 
of AA-861 is shown to reduce LTB4 concentration, 
and PML numbers in lung lavages of rats exposed to 
hyperoxia for 60 minutes.49 This study further supports 
our present findings. 

In conclusion, similar to previous studies, in this 
study both ICAM-1 and P-selectin up-regulations on 
microvessels are shown to have a crucial role in the 
PMLs rolling into injury sites after TBI. Although the 
inflammatory process in response to traumatic injury 
is a complex phenomenon, the current study indicates 
that the 5-lipooxigeanase pathway of the arachidonic 
acid metabolism can be suppressed using AA-861, to 
prevent LTB4-induced inflammation after TBI. The 
present results suggest that AA-861 has the potential to 
inhibit inflammation and deserves to be studied further 
in detail. 
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