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LONG-TERM EFFECTS OF CHRONIC STATIN TREATMENT IN THE POST-
ISCHEMIC BRAIN

Karen Gertz', Golo Kronenberg" 2, Benjamin Winter*, Juri Katchanov*, Helmut Schréck?,
Georg Nickenig*, Josef Priller 2, Ulrich Laufs®, Matthias Endres*

'Department of Neurology, Charite Berlin, Berlin, Germany
Department of Psychiatriy, Charite Berlin, Berlin, Germany
%Institute of Physiology, University of Heidelberg, Heidelberg, Germany
*Department of Cardiology, Saarland University, Homburg, Germany

Pretreatment with statins, inhibitors of HMG-CoA reductase, augments cerebral blood flow
during cerebral ischemia, resulting in neuroprotection via mechanisms related to the
upregulation of endothelial nitric oxide synthase (eNOS). Endothelium-derived NO is also
known to be essential for the growth of new vessels, and statins increase neovascularization
through NO-dependent pathways. In addition, it has recently been demonstrated that statins
mobilize bone marrow-derived endothelial progenitor cells, which are dependent on eNOS.
Here, we investigated the long-term effects of the HMG-CoA reductase inhibitor rosuvastatin
in a model of mild ischemic stroke. SV129 mice were treated by daily subcutaneous
injections with rosuvastatin (2mg/kg body weight). Treatment started two weeks before 30
minutes of filamentous left middle cerebral artery occlusion (MCAO0) and reperfusion and was
continued for 4 additional weeks. Ischemic lesion size, functional outcome and eNOS
regulation in the vasculature were determined in animals following sacrifice. Additionally, we
measured absolute cerebral blood flow with the lodo-C14-antipyrine-technique, counted
capillary density via Evans blue perfusion signal and detected engraftment of bone marrow-
derived progenitor cells and newly-generated endothelial cells within the ischemic lesion. We
demonstrated that chronic continuous administration of rosuvastatin conferred long-term
histologic and functional protection six weeks after cerebral ischemia. Upregulation of eNOS
expression in the aorta was sustained until 6 weeks after onset of treatment, but
neuroprotection was completely abolished when the NOS inhibitor L-NAME was co-
adminstered. This shows that eNOS plays a role in the effect of rosuvastatin on tissue
recovery. In addition, rosuvastatin augmented disc neovascularization, enhanced the
engraftment of bone marrow-derived progenitor cells and the number of von-Willebrand-
factor/bromodeoxyuridine double-positive cells in the lesion, indicating an angiogenic
stimulus. The density of perfused vessels in the post-ischemic brain was not increased in
rosuvastatin-treated animals while large increases in average caliber were observed four
weeks after MCAo0. Moreover, areas of enlarged vessels were associated with lower blood
flow levels. In conclusion, stroke protection by chronic rosuvastatin treatment extends until
weeks after the ischemic insult. While the protection is mediated by eNOS upregulation and
accompanied by an angiogenic response, vessel density and absolute cerebral blood flow
levels were not increased by chronic rosuvastatin treatment in the post-ischemic brain.



MITOGEN ACTIVATED PROTEIN KINASE INHIBITION ATTENUATE
CEREBRAL BLOOD FLOW REDUCTION AND ABOLISH CEREBRAL ARTERY
RECEPTOR UPREGULATION AFTER SUBARACHNOID HAEMORRHAGE IN RAT

Saema Begl’ 2 Jacob Hansen-Schwartz”, Lars Edvinsson'?

1Department of Medicine, Division of Vascular Research, Lund University, Lund, Sweden
Department of Clinical Experimental Research, Glostrup University Hospital, Glostrup,
Denmark

Introduction: Previous studies have shown that endothelin type B (ETB) and 5-
hydroxytryptamine type 1B (5-HT1B) receptors are upregulated following experimental
subarachnoid haemorrhage (SAH). However, the intracellular pathways responsible for this
upregulation remain unclear. Several studies have demonstrated an involvement of mitogen
activated protein kinase (MAPK) in the pathogenesis of vasospasm after SAH, and this could
possibly be an intracellular mediator of the ETB and 5-HT1B/2A receptor upregulation. The
purpose of the present study was to test whether MAPK inhibition could alter the degree of
SAH induced ET and 5-HT1 receptor upregulation in addition to prevent the cerebral blood
flow reduction. Methods: SAH was induced by injecting 250 ul blood into the prechiasmatic
cistern. In conjunction and after the induced SAH the MAPK inhibitor SB-386023-b was
injected intracisternally. Two days after the SAH basilar arteries (BA) and middle cerebral
arteries (MCA) were harvested and contractile responses to endothelin-1 (ET-1; ETA and
ETB receptor agonist) and 5-carboxamidotryptamine (5-CT; 5-HT1 receptor agonist) were
investigated in sensitive myographs. To investigate if MAPK inhibition had an influence on
the local CBF after SAH we used an autoradiographic technique. In addition, the mRNA
levels of ET and 5-HT1 receptors were investigated by real time PCR. Results: SAH resulted
in enhanced contraction to ET-1 and 5-CT, as well as increased levels of ETB and 5-HT1B
receptor mRNA in BA and MCA. Administration of the MAPK inhibitor SB-386023-b during
the SAH decreased the maximum contraction elicited by application of ET-1 and 5-CT in BA
and MCA considerably compared to SAH. The MAPK inhibition downregulated ETB and 5-
HT1B receptor mRNA levels compared to that seen after SAH only. No differences were
observed in the ETA receptor mRNA levels. The reduction in global and regional CBF
observed after SAH were significantly prevented by treatment with SB-386023-b (Figure 1).
Statistical analyses were performed using the nonparametric Wilcoxon rank test, differences
were considered significant at p< 0.05. Data are expressed as mean + s.e.m. Conclusion:
These are the first experiments to show a close relationship between receptor upregulation in
cerebral arteries following SAH and changes in cerebral blood flow. Since vasoconstriction
and reduction in the CBF are a result of cerebral vasospasm our study is of high clinical
relevance. Inhibition of MAPK prevented the reduction in global and regional CBF and
attenuated the vasoconstriction mediated by ETB and 5-HT1B receptors in rat cerebral
arteries after SAH. These results indicate that MAPK inhibition has a therapeutic potential in
the treatment of cerebral vasospasm associated with SAH.
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ACUTE AUGMENTATION OF CEREBRAL BLOOD FLOW BY RHO-KINASE
INHIBITORS IN FOCAL CEREBRAL ISCHEMIA IS DEPENDENT ON
ENDOTHELIAL NITRIC OXIDE SYNTHASE

Hwa Kyoung Shin*, Andrew K. Dunn?®, Phillip Jones®, David A. Boas®, James K. Liao*,
Michael A. Moskowitz', Cenk Ayata™?

'Stroke and Neurovascular Regulation Lab, Department of Radiology, Massachusetts
General Hospital, Harvard Medical School, Charlestown, MA, USA

“Stroke and Neurointensive Care Unit, Department of Neurology, Massachusetts General

Hospital, Harvard Medical School, Charlestown, MA, USA
*Martinos Center for Biomedical Imaging, Department of Radiology, Massachusetts General

Hospital, Harvard Medical School, Charlestown, MA, USA

“Vascular Medicine Research, Brigham & Women's Hospital, Harvard Medical School,

Cambridge, MA, USA

Background: Endothelial nitric oxide synthase (eNOS) is an important enzyme regulating
vascular tone, platelet aggregation and inflammatory cell migration in cerebral ischemia.
Stimulation of eNOS activity is protective, whereas its inhibition or genetic knock-out is
detrimental in animal models of stroke. Recent studies have identified multiple regulatory
pathways, such as Rho-kinase/phosphoinositol-3-kinase/Akt, that can modulate endothelial
NO production within minutes, via phosphorylation and dephosphorylation cascades, or
translocation of the enzyme between subcellular compartments. Rho-kinase inhibitors
stabilize eNOS mRNA, and increase eNOS protein and endothelial NO production. We
previously showed that pretreatment with Rho-kinase inhibitors for 2-3 days significantly
reduce infarct size in a transient middle cerebral artery occlusion model. However, it is not
known whether Rho-kinase inhibitors exert their neuroprotective effects acutely by
augmenting cerebral blood flow (CBF) in the ischemic brain. In this study, we investigated
the acute cerebral hemodynamic effects of Rho-kinase inhibitors and whether these effects are
dependent on eNOS. Methods: Two-dimensional real-time CBF imaging was performed with
high spatial and temporal resolution using laser speckle flowmetry during focal cerebral
ischemia in mice. Ischemia was induced by distal middle cerebral artery occlusion (IMCAQ)
via a temporal craniotomy, under full physiological monitoring. The areas of ischemic cortex
with moderate (21-30% residual CBF, penumbra) or severe (0-20% residual CBF, core)
reduction in CBF were quantified 60 minutes after dMCAQO by using a thresholding
paradigm. The following drugs were tested: 7-nitroindazole (7-NI, 50 mg/kg i.p.), N5-(1-
Iminoethyl)-L-ornithine (L-NIO, 20 mg/kg i.p.), OH-fasudil (10 mg/kg i.p.), Y-27632 (10
mg/kg, i.p.). All drugs were administered 60 min before dMCAQ; in addition, OH-fasudil
was tested when administered 5 min after AIMCAO. Results: Rho-kinase inhibitor OH-fasudil
administered 60 minutes before dAMCAO attenuated the CBF deficit, and reduced the area of
core and penumbra by 60% and 25%, respectively (p<0.01, compared to vehicle-treated
controls, n=5). When administered 5 minutes after dAMCAO OH-fasudil still reduced the area
of ischemic cortex although its effect was weaker in the severely ischemic core (30% and
30% reduction in core and penumbra, respectively, n=6; p<0.05). Y-27632, another Rho-
kinase inhibitor that is structurally distinct from OH-fasudil, also attenuated the CBF deficit
(55% reduction in the area of ischemic core, n=4). eNOS knockout mice developed worse
CBF deficit and larger area of ischemic cortex after dAMCAO (68% and 45% increase in the
area of ischemic core and penumbra, respectively, p<0.05, n=4), compared to wild-type
controls. OH-fasudil completely failed to reduce the area of ischemic cortex in eNOS
knockouts (n=4), suggesting that its beneficial CBF effects are strictly dependent on eNOS.
Relatively eNOS-specific inhibitor L-NIO significantly worsened the CBF deficit (70%
increase in the area of core, n=5; p<0.05 vs. vehicle), whereas relatively nNOS specific 7-NI
did not (n=4), confirming the importance of eNOS for augmenting collateral CBF to the



ischemic core. Conclusions: Rho-kinase inhibition acutely augments CBF in the focal
ischemic penumbra and core. This effect is dependent on eNOS. Our results suggest that rapid
non-transcriptional upregulation of eNOS activity by Rho-kinase inhibitors may be a viable
therapeutic approach in acute stroke.
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THE ROLE OF NEUREGULINS IN NEUROPROTECTION FOLLOWING ACUTE
STROKE

Byron D. Ford, Zhenfeng Xu, Gregory D. Ford, Alicia Gates, Ju Jiang
Department of Anatomy & Neurobiology, Morehouse School of Medicine, Atlanta, GA, USA

Stroke is the third leading cause of death in the United States and the major cause of long-
term disability. However, very little progress has been made in the development of treatment
of acute stroke. Neuregulins are a family of growth factors implicated in a number of
neuronal functions including development, plasticity, behavior and pathology. Here, we show
that neuregulin-1 (NRG-1) completely blocked ischemia-induced delayed neuronal death in
the brain with an extended therapeutic window. A single intra-arterial injection of NRG-1 (2.5
ng/kg) was neuroprotective if administered either before or 5.5 hours after transient middle
cerebral artery occlusion (MCAQ) and resulted in a significant improvement of functional
neurological outcome. The neuroprotective effects of the single administration of NRG-1
were seen at least 2 weeks following treatment. NRG-1 also prevented macrophage/microglial
infiltration, reactive astrogliosis, DNA fragmentation and interleukin-1p expression following
stroke. We demonstrated by microarray analysis, that NRG-1 not only blocked interleukin-1
expression, but also attenuated the widespread pattern of pro-inflammatory and stress gene
expression following ischemia. The microarray results showed that several hundred genes
were significantly induced following MCAO compared to sham controls and treatment with
NRG-1 attenuated the expression of these genes by 50% or more. Gene Ontology pathway
analysis of the regulated genes indicated that there are genes induced by ischemia associated
with multiple biological processes including inflammation, apoptosis, stress and cell cycle
that were suppressed by NRG-1. Using CONFAC software that enables the high-throughput
identification of conserved transcription factor binding sites, we determine that the regulatory
regions of the ischemia and NRG-1 regulated genes were associated with novel transcription
factors not previously associated with stroke and neuroprotection. These results demonstrate
that NRG-1 can regulate ischemia-induced gene expression and may give new insight to the
molecular mechanisms involved in the neuroprotective role of neuregulins in stroke.



NIM811 PREVENTS INDUCTION OF MITOCHONDRIAL PERMEABILITY
TRANSITION IN CEREBRAL ISCHEMIA

William F. Maragos*?**, Amit S. Korde', Peter C. Waldmeier®, Susan D. Craddock®,
L. Creed Pettigrew**

'Department of Neurology, Department of Anatomy and Neurobiology,
®Sanders Brown Center on Aging, “Graduate Center for Toxicology,
University of Kentucky, Lexington, KY, USA
*Nervous System Research, Novartis Pharma Ltd, Basel, Switzerland

Introduction: In ischemic neurons, elevation of Ca®* levels and formation of reactive oxygen
species open an intermembranous pore in mitochondria, resulting in the activation of the
mitochondrial permeability transition (MPT). Cyclosporin A (CsA), an immunosuppressive agent,
can block the MPT and is neuroprotective in animal models of cerebral ischemia, but its utility is
hampered by limited penetration of the blood-brain barrier (BBB) and toxicity. NIM811 (Novartis
Pharma, Basel, Switzerland) is a novel non-immunosuppressive derivative of CsA that is a non-
toxic and specific inhibitor of MPT induction. We report the first use of NIM811 to affect infarct
volume and modulate cytochrome C release. Methods: To determine the effect of NIM811 on
infarct volume, spontaneously hypertensive rats (SHRs) underwent reversible middle cerebral artery
occlusion (MCAOQ) for 2 hrs. After 1 hr of reperfusion, animals were treated with NIM811 (50
mg/kg) or drug-free vehicle (100% DMSO). Brain was removed en bloc after 24 hrs for
measurement of infarct volume corrected for ischemic edema. To determine the effect of NIM811
on release of cytochrome C from mitochondria in ischemic brain, SHRs underwent MCAO for 2
hrs, were treated with 50 mg/kg NIM811 or vehicle after 1 hr of reperfusion, and samples of
ischemic core and penumbra were removed and snap-frozen 1 hr after treatment. Supernatants
obtained after ultracentrifugation of brain mitochondrial fractions were assayed for cytochrome C
content by ELISA. To determine whether NIM811 had any affects on cerebral perfusion, Laser-
Doppler Flowmetry (LDF) was performed over the exposed surface of the cortex overlying the core
and penumbra in animals rendered ischemic before and after systemic administration of 50 mg/kg
NIM811. Results: Treatment with NIM811 at 1 hr after post-ischemic reperfusmn reduced infarct
volume measured at 24 hrs by 40% (88 + 3.8 mm® [vehicle; n= 4] vs. 53 £ 8.8 mm?® [NIM811; n=5];
*p<0.005, t-test). Cytochrome C levels were increased fivefold in ischemic core (74.4 + 3.9 ng/mL)
and penumbra (68.5 £ 3.6 ng/mL; n=4) vs. comparable areas in non-ischemic controls (sham-core
13.6 + 0.56 ng/mL and sham-penumbra 14.2 = 0.54; n=4; p<0.001 for both by ANOVA with
Scheffe post hoc). Treatment with NIM811 after MCAO lowered the cytochrome C level to 49.2 +
2.2 ng/mL in ischemic core and 42.4 + 2.4 ng/mL in penumbra (p<0.001 compared to levels in
vehicle-treated ischemic controls). During 120 min of ischemia, there was an 80% reduction in
cerebral perfusion in the core and 55% reduction in the penumbra. During 60 min of reperfusion,
regional perfusion increased by 10-20%. Treatment with NIM811 had no significant effect on
cerebral perfusion in either region for at least 120 min following reperfusion. Conclusion: Our
results show that NIM811 reduces infarct volume significantly after ischemia and attenuates the
release of cytochrome C from distressed mitochondria into the cytoplasm of ischemic neural cells.
NIM811 has no effect on cerebral perfusion suggesting that the protective effect of NIM811 was
not the result of enhanced blood flow. These data support the hypothesis that activation of MPT
contributes to ischemia-reperfusion injury in brain and underscore the potential value of NIM811 as
novel therapy for stroke.
Acknowledgements: This work was supported by NIH grants NS01941 and NS42111 (WFM) and

NS47395 (LCP).






NEUROPROTECTIVE EFFECTS OF CREATINE IN A MOUSE MODEL OF
STROKE: AN EXPERIMENTAL MRI STUDY

Georg Royl, Konstantin Prass, Ute Lindauer, Dirk Megow, Ulrich Dirnagl, Josef Priller

Experimental Neurology, Charité Universitatsmedizin Berlin, Berlin, Germany

Stroke leads to energy failure and subsequent neuronal cell loss. Creatine and
phosphocreatine constitute a cellular energy buffering and transport system, and dietary
creatine supplementation has been shown to protect neurons in several models of
neurodegeneration. We examined whether creatine has beneficial effects in a mouse model of
focal cerebral ischemia. Oral creatine administered three weeks before stroke reduced infarct
sizes induced by MCA occlusion in a dose-dependent manner. However, no significant
differences in the brain concentration of creatine, phosphocreatine and ATP were found in our
HPLC analysis. In contrast to previous studies that linked neuroprotection with increased
levels of creatine and/or phosphocreatine, we thus observed beneficial creatine effects in
stroke that are independent of the concentrations of creatine and energy-rich phosphates in the
brain. To investigate the role of perfusion-related protective mechanisms we measured
vascular reactivity of isolated MCA and performed in vivo MR imaging (alternating
Diffusion Weighted Imaging (DW-MRI) and Perfusion Weighted Imaging with FAIR (FAIR-
MRI)) in the acute phase during and after MCA occlusion. At 30min after MCAO, FAIR-
MRI showed the same absolute perfusion of the ipsilateral hemisphere in creatine-fed and
control animals (0.43 + 0.18 / 0.39 £+ 0.18 ml/g*min respectively). However, 30min after
reperfusion (90min post MCAOQO) ipsilateral blood flow in creatine-fed animals was
significantly higher than in control animals (0.51 + 0.10 / 0.30 + 0.15 ml/g*min respectively,
p=0.01). DWI during ischemia at 50min after MCAO showed no difference in ipsilateral
absolute ADC reduction between creatine-fed animals and controls (0.69 + 0.10/0.74 =+ 0.16
x 10-3 mm2/s respectively). At 90min after reperfusion (150min post MCAOQ) ipsilateral
ADC recovered significantly better in creatine-fed compared to control animals (0.84 £ 0.07 /
0.62 £ 0.17 x 10-3 mm2/s respectively, p=0.01). Our findings suggest a novel mechanism of
creatine-induced neuroprotection through improvement of cerebrovascular function during
cerebral ischemia.
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DIFFERENTIAL EFFECTS OF OESTROGEN IN MODELS OF PERMANENT AND
TRANSIENT FOCAL CEREBRAL ISCHAEMIA

Kirsty B. Gordon, 1. Mhairi Macrae, Hilary V.O. Carswell

Division of Clinical Neuroscience, University of Glasgow, Glasgow, UK

Introduction: Oestrogen’s neuroprotective effect in stroke models has been challenged
recently with reports of the hormone exacerbating ischaemic damage (1, 2, 3). What controls
stroke outcome in the presence of oestrogen remains unclear but may relate to the severity
and duration (permanent or transient) of the ischaemic insult. The present work examined the
effects of oestrogen on ischaemic damage induced by either transient or maintained
(permanent) focal cerebral ischaemia using the intraluminal thread (ILT) model. Methods: In
Study 1, female, ovariectomised Sprague-Dawley rats were pre-treated with a high
physiological dose of 17beta-oestradiol (0.25mg, 21-day release pellet) or placebo 14 days
before 24 hours of permanent focal ischaemia using the ILT model. In Study 2,
ovariectomised Lister Hooded rats received 14 days of pre-treatment with 17beta-oestradiol
(0.25mg or 0.025mg) or placebo pellet then underwent transient focal ischaemia by ILT: 2
hours ischaemia and 7 days reperfusion. Infarct volume, cortical blood flow (laser Doppler)
and neurological deficits were compared between 17beta-oestradiol and placebo treated
groups in each study. Results: 17beta-Oestradiol significantly increased infarct volume by
118% 24 hours after permanent ischaemia (Figure 1) but had no effect on ischaemic blood
flow or neurological deficit. Transient ischaemia produced no overall effect at either dose of
17beta-oestradiol on infarct volume (Figure 2), blood flow or neurological deficit.
Conclusion: Oestrogen can induce detrimental effects on the ischaemic brain as displayed in
Study 1. Most studies reporting neuroprotective effects of oestrogen involve models of
transient ischaemia. The lack of effect of oestradiol in Study 2 may be due to detrimental
effects of oestrogen (evident in the permanent ischaemia model), counteracting any beneficial
effects during reperfusion, resulting in no overall influence of oestrogen on stroke outcome.
The results of Study 1 clearly demonstrate that oestrogen has the capacity to promote
detrimental actions in the stroke-injured brain. In line with recent large clinical trials (e.g.
Womens Health Initiative), our studies reveal a detrimental influence of oestrogen on stroke
and indicate the need for further research on more selective oestrogen receptor agonists and
selective oestrogen receptor modulators (SERMs). References: 1. Bingham et al. (2005)
Detrimental effects of 17beta-oestradiol after permanent middle cerebral artery occlusion J
Cereb Blood Flow Metab (in press) 2. Harukuni et al. (2001) Deleterious effect of beta-
estradiol in a rat model of transient forebrain ischemia Brain Res 9:137-142 3. Santizo et al.
(2002) Loss of benefit from estrogen replacement therapy in diabetic ovariectomized female
rats subjected to transient forebrain ischemia Brain Res 956:86-95 Acknowledgements: The
authors thank Prof. DI Graham, Dr. E Irving and J McGill for their expertise. KG is supported
by a Research into Ageing PhD studentship.
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Figure: 1) Study 1: Infarct volumes 24 hours after permanent MCAQ
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TUMOR NECROSIS FACTOR-ALPHA NEUTRALIZATION REDUCED CEREBRAL EDEMA
FOLLOWING TRANSIENT FOCAL CEREBRAL ISCHEMIA

Naohisa Hosomi, Takayuki Naya, Masakazu Kohno

Second Department of Internal Medicine, Kagawa University School of Medicine, Kagawa, Japan

Following focal cerebral ischemia, tumor necrosis factor-alpha deteriorates cerebral edema and survival rate.
Therefore, tumor necrosis factor-alpha neutralization could reduce cerebral microvascular permeability in
acute cerebral ischemia. Left middle cerebral artery occlusion for 120 min followed by reperfusion was
performed with the thread method under halothane anesthesia in Sprague-Dawley rats. Anti-rat tumor
necrosis factor-alpha neutralizing monoclonal antibody with a rat IgG Fc portion (15mg/kg) was infused
intravenously right after reperfusion. Stroke index score, infarct volume, cerebral specific gravity, and the
endogenous expression of tumor necrosis factor-a, matrix metalloproteinase-2, matrix metalloproteinase-9,
and membrane type 1- matrix metalloproteinase in the brain tissue were quantified in the ischemic and
matched contralateral non-ischemic hemisphere. In the anti-tumor necrosis factor-alpha neutralizing antibody
treated rats, infarct volume was significantly reduced (p = 0.014, n = 7; respectively), and cerebral specific
gravity was dramatically increased in cortex and caudate putamen (p < 0.001, n = 7; respectively) in
association with a reduction in matrix metalloproteinase-9 and membrane type 1- matrix metalloproteinase
upregulation. Tumor necrosis factor-alpha in the brain tissue was significantly elevated in the ischemic
hemisphere 6 hours after reperfusion in the non-specific IgG treated rats (p = 0.021, n = 7) and was
decreased in the anti-tumor necrosis factor-alpha neutralizing antibody treated rats (p = 0.001, n = 7). Post-
reperfusion treatment with anti-rat tumor necrosis factor-alpha neutralizing antibody reduced brain infarct
volume and cerebral edema, which is likely mediated by a reduction in matrix metalloproteinases
upregulation.
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LATE POST-ISCHEMIC INTRACEREBRAL THROMBIN-APPLICATION
REDUCES INFARCT VOLUME

Petra Henrich-Noack®, Georg Reiser', Klaus G. Reymann?

'0tto-von-Guericke University, Medical Faculty, Institute for Neurobiochemistry,
Magdeburg, 2Leibniz Institute for Neurobiology and Research Institute Applied
Neurosciences (FAN), Magdeburg, Germany

Introduction: In addition to its role in the blood coagulation cascade, the serine protease
thrombin has, depending on the specific conditions, either neuroprotective or neurotoxic
effects on brain tissue during cerebral ischemia. Previous data suggest that thrombin-induced
protection in vivo can be achieved by preconditioning rather than by acute treatment (Masada
et al., 2000, Striggow et al., 2000). In the current approach we evaluated the regenerative
potency of thrombin by injecting the protease repeatedly, starting from 1 week post
ischaemia. As a parameter of neural damage we quantified the infarct areas. Materials and
methods: Male Sprague Dawley rats were used for all experiments. A guiding cannula was
implanted under pentobarbitone anaesthesia 7 days before induction of ischaemia. We
occluded the Middle Cerebral Artery by intracerebral injection of endothelin-1 (eMCAO) in
freely moving animals. Thrombin (0.009 U/rat) was injected via the same guiding cannula
intracerebrally on day 7, 8, 9 and 10 post ischaemia. Histological quantification of the infarct
areas were performed 14 days post ischaemia. Results: Control animals, which were injected
with saline on day 7, 8, 9 and 10 post ischaemia developed an average infarct volume of 20.7
+2.5 mma3. In rats which received 4 injections of thrombin we measured a damaged area of
12.6£1.9 mma3. Statistical analysis revealed a significant difference between both groups
(Mann-Whitney, U-test; *p<0.05; N=12-15). Conclusions: Data from literature indicate, that
7 days post eMCAO the ischaemic damage is fully developed. Therefore protection cannot be
induced when we inject thrombin on day 7 post ischaemia. Also influences of thrombin on
oedema are unlikely to be the cause of the reduced infarct volume, as there should be no
pronounced oedema anymore on day of injection (7 d post ischaemia) or on day of
decapitation (14 d post ischaemia). It has been shown that thrombin induces proliferation in
astrocytes (Wang et al., 2002), but astrocytosis is defined as damaged area and therefore
cannot account for the smaller infarct areas. Further studies are needed to examine the
underlying mechanism of this reduction in infarct volume with late post-ischemic
intracerebral injection of thrombin.

Literature:

- Masada T, Xi G, Hua Y, Keep RF (2000): The effects of thrombin preconditioning on focal
cerebral ischemia in rats. Brain Res 867: 173-9

- Striggow F, Riek M, Breder J, Henrich-Noack P, Reymann KG, Reiser G (2000): The
protease thrombin is an endogenous mediator of hippocampal neuroprotection against
ischemia at low concentrations but causes degeneration at high concentrations. Proc Natl
Acad Sci U S A 97: 2264-9

- Wang H, Ubl JJ, Stricker R, Reiser G (2002): Thrombin (PAR-1)-induced proliferation in
astrocytes via MAPK involves multiple signalling pathways. Am J Physiol Cell Physiol 283:
C1351-1364.
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B-ADRENORECEPTOR ANTAGONISTS ATTENUATE BRAIN INJURY
FOLLOWING TRANSIENT FOCAL ISCHEMIA IN RATS

Toru Goyagi, Tetsu Kimura, Toshiaki Nishikawa

Department of Anesthesia and Intensive Care, Akita University School of Medicine, Akita,
Japan

Introduction: [-adrenoreceptor antagonists experimentally reduce cardiac and renal injury
following ischemia, and also are clinically useful for myocardial infarction [1] and severe
burn [2]. In addition, B-adrenoreceptor antagonists have neuroprotective effects in focal
cerebral ischemia in experimental settings [3]. The present study was conducted to compare
the neuroprotective effects of several B-adrenoreceptor antagonists in the rat transient focal
cerebral ischemia. Methods: Halothane anesthetized normothermic adult male Sprague-
Dawley rats (280 — 320 g) were subjected to 2 hr of middle cerebral artery occlusion (MCAOQ)
using the intraluminal suture technique confirmed by laser Doppler flowmetry. Rats received
intravenous (iv) infusion of saline 1 ml/hr, propranolol 100 ng/kg/min, carvedilol 4
ug/kg/min , esmolol 200 pg/kg/min, or landiolol 50 pg/kg/min (n=6 in each group). Infusion
was initiated 30 min prior to MCAO and continued for 24 hr. Additional rats received
esmolol 50 pg/kg/min, or landiolol 10 pg/kg/min intrathecally (it) via cisterna magna (n=6 in
each group), according to the same experimental protocol. The neurological deficit score was
evaluated at 24 hr after reperfusion, and the brains were removed and stained with TTC. Data
(mean+SD) were analyzed by ANOVA, with P<0.05 being significant. Results: Neurological
deficit scores were smaller in the rats treated with propranolol-iv (15.3 £ 3.7), carvedilol-iv
(13.6 £ 3.3), esmolol-iv (11.3 £ 6.1), landiolol-iv (9.1 + 4.0), esmolol-it (3.6 + 4.3), and
landiolol-it (10.6 = 1.3), compared to saline-treated rats (27.5 + 9.8)(P<0.05). The infarct
volumes of cortical and striatum were less in the rats receiving B-adrenoreceptor antagonists
irrespective of administration route, than in saline-treated rats (P<0.05, figure). Conclusion:
We conclude that administration of B-adrenoreceptor antagonists improves neurological and
histological outcome following transient focal cerebral ischemia in rats. In particular, short
acting (-adrenoreceptor antagonists provide neuroprotection independent of administration
route.

References:

[1] Kloner RA, Rezkilla SH; J Am Coll Cardiol 44: 276-286 (2004)

[2] Herndon DN, Hart DW, Wolf SE, et al; N Engl J Med 345: 1223-1229 (2001)

[3] Savitz SI, Erhardt JA, Anthony JV, et al; J Cereb Blood Flow Metab 20: 1197-1204
(2000)

Grant support: Supported by Grant-in-Aid for Young Scientists (B) project number 15790809
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NEUROPROTECTIVE AND ANTI-APOPTOTIC EFFECTS OF FK506 FOLLOWING TRANSIENT
FOCAL ISCHEMIA IN RATS

Shimon Amemiya, Tatsushi Kamiya, Toshiki Inaba, Masayuki Ueda, Kengo Kato, Chikako Nito,
Satoshi Suda, Yasuhiro Nishiyama, Yasuo Katayama

Second Department of Internal Medicine, Nippon Medical School, Tokyo, Japan

Introduction: We have already demonstrated that an immunosupressant FK506 (tacrolimus) inhibited
ischemic neuronal injury [1], and that mild hypothermia enhanced the neuroprotective effect in the transient
focal cerebral ischemia model [2]. However, mechanisms of the neuroprotective effects have not been
clarified. The aim of the present study is to investigate anti-apoptotic effects of FK506 following transient
focal ischemia in rats using immunohistochemical study. Methods: A transient (2hours) focal ischemia was
induced by left middle cerebral artery occlusion using an intraluminal suture method [2]. FK506 (0.3mg/kg)
or vehicle was intravenously administered immediately after occlusion. After 24 hours of reperfusion,
hematoxylin and eosin staining for infarct volume measurement and immunohistochemistry for the detection
of single strand DNA breaking (SSB) were carried out. To confirm characters of SSB positive cells, the
double staining for SSB with anti-apoptotic protein Bcl-2, neuronal marker NeuN, or TUNEL were also
performed. Results: FK506 did not affect cortical cerebral blood flow measured by a Laser Doppler
flowmetry. The total infarct volume was significantly reduced in the FK506-treated group (92.2 +/- 16.02
mm3) compared with the vehicle-treated group (136.8 +/- 13.2 mm3, p<0.01). The total numbers of SSB
positive cells in the ischemic hemisphere were 135.8+/-45.7 in the FK506-treated group, and 345.3+/-43.7 in
the vehicle-treated group with a statistically significant difference (p<0.01). SSB positive cells were
predominantly distributed in the peri-infarct area of the ischemic hemisphere. Semi-quantified analysis
revealed a significant up-regulation of Bcl-2 expression in the FK506-treated group compared with the
vehicle-treated group. Cells with strong cytoplasmic Bcl-2 expression did not show nuclear SSB signals in
the peri-infarct area. SSB positive cells were also stained with NeuN, and several SSB positive cells were
TUNEL positive. Conclusion: The present data demonstrated that FK506 significantly reduced infarct
volume in the rat transient focal ischemia model. The neuroprotection was associated with a significant
decrease in SSB positive neurones together with a significant increase in cytoplasmic Bcl-2 expression.
These suggest that anti-apoptotic mechanisms are involved in the neuroprotective effects of FK506 in the
model. References: [1] Arii T., Kamiya T., Arii K., et al. Neurol. Res. 23: 755-760 (2001). [2] Nito C.,
Kamiya T., Ueda M., et al. Brain Res. 1008: 179-185 (2004).
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THE IMPORTANCE OF EXTRACELLULAR CALCIUM FOR ENDOTHELIN TYPE
A AND B RECEPTOR-MEDIATED CONTRACTION IN RAT BASILAR ARTERY

Roya Jamali, Lars Edvinsson

Division of Experimental Vascular Research, Department of Medicine, Lund University,
Lund, Sweden

Aim: The aim of the study was to evaluate the role of extracellular Ca2+ for endothelin type
A (ETA) and B receptor (ETB) mediated contraction in rat basilar artery. Methods:
Myographs were used for the functional studies. Intracellular calcium ([Ca2+]i) levels were
determined by the calcium indicator Fura-2 technique. Arteries were studied in three different
ways: 1) Preincubation with nifedipine (1 pM) for 30 min before addition of endothelin-1
(ET-1) or sarafotoxin 6¢ (S6c); 2) precontraction with ET-1 or S6c followed by addition of
nifedipine at the maximum of contraction; 3) preincubation with or without nifedipine in
Ca2+-free buffer and then addition of increasing doses of Ca2+ (10 uM-2 mM). Results: The
effect of nifedipine on ETA receptor-mediated contraction was negligible while ETB
receptor-mediated contraction was reduced about 30 % (P<0.005). ET-1-induced
vasoconstriction was reduced by nifedipine in fresh arteries, while nifedipine had little effect
on S6c¢-induced contraction in cultured arteries. After preincubation in Ca2+ -free buffer, S6¢
induced a small contraction (10-20 % of contraction at 2 mM of Ca2+ concentration) and an
increase in [Ca2+]i. In low Ca2+ concentrations (10 or 100 uM), ET-1 induced a strong
contraction and an increase in [Ca2+]i that was sensitive to nifedipine. S6¢c had no such effect.
Conclusion: Our study suggests that ET-receptors in rat basilar arteries mediate their effect
through different mechanisms. The ETA -receptor is more sensitive to extracellular Ca2+ as
compared to the ETB receptor. On the other hand ETB receptors are more dependent on
voltage-dependent Ca2+ channels.
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ALPHA-LINOLENIC ACID AND RILUZOLE, ACTIVATORS OF 2 PORE-DOMAIN
K+ CHANNELS AFFORD BRAIN PROTECTION AGAINST FOCAL BRAIN
ISCHEMIA

Catherine Heurteaux, Christophe Laigle, Giséle Jarretou, Michel Lazdunski,
Nicolas Blondeau

Institut de Pharmacologie Moléculaire et Cellulaire, CNRS UMR6097, Valbonne, France

Background and Purpose: Alpha-linolenic acid (ALA) and riluzole (RLZ), potent activators
of two-pore domain K+ channel TREK-1 and TRAAK are known to be neuroprotective
against forebrain global ischemia and epileptic seizures. Recent studies have revealed that
TREK-1 plays a major role in neuronal excitability control and ALA-induced
neuroprotection. We investigated the potential protective effect of ALA and riluzole in a
model of focal ischemia clinically relevant to stroke. Methods: Mice were subjected to
transient middle cerebral artery occlusion (MCAO, 1 hour) and reperfusion by use of
intraluminal filament model. To determine the therapeutic window, mice received a single
dose of 4 mg/kg RLZ or 500 nmol/kg ALA at different times of reperfusion. Then, the
efficiency of a single dose of 4 mg/kg RLZ or 500 nmol/kg ALA injected 1 (RLZ) or 2 hours
(ALA) after reperfusion was compared to a dose of 2 mg/kg RLZ and 250 nmol/kg ALA
given 1-2, 48 and 72 hours after reperfusion or 1-2 hours after reperfusion and once each
week during the next two weeks of reperfusion. A combined treatment with 2 mg/kg RLZ +
250 nmol/kg ALA injected 2 hours after reperfusion was also tested. RLZ and ALA were
injected as a bolus directly in the jugular vein. Ischemic neuronal injury was evaluated 24
hours (Infarct volume, neurological deficit, counting of TUNEL-positive cells, Bax
expression) and 28 days (neuronal counting on cresyl-violet sections, GFAP expression) after
ischemia. The same protocol was also performed with administration of palmitic acid, a
saturated fatty acid that did not activate TREK-1 and TRAAK channels. Results: A single
dose of RLZ (4mg/kg) or ALA (500 nmol/kg) up to 3 hours after reperfusion reduced the
stroke volume by 75% and 86 % (P<0.001), respectively and improved the neurological
scoring. ALA- and RLZ-treatment was associated with a reduction in cytopathological
features of cell injury, including cell shrinkage, DNA-fragmentation, Bax and GFAP
expression both in the cortex and the caudate-putamen. In term of survival rate observed in a
28-day time, the best protection was obtained with the injection of 250 nmol/kg ALA given 2
hours after reperfusion and once each week during the next two weeks of reperfusion or with
a single dose of the combined treatment (2 mg/kg RLZ + 250 nmol/kg ALA). The palmitic
acid failed to induce a neuroprotective effect against focal ischemia. Conclusion: These
results provide further evidence for a therapeutical value of a riluzole and alpha-linolenic acid
treatment in brain injury resulting from focal ischemia/reperfusion.
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TNF-ALPHA AND EGF POTENTIATE THE ETB RECEPTOR MEDIATED
CONTRACTION IN RAT MIDDLE CEREBRAL ARTERIES

Emelie Stenman, Marie Henriksson, Lars Edvinsson

Department of Medicine, Experimental Vascular Research, Lund University, Lund, Sweden

Introduction: We have previously shown that focal cerebral ischemia in rat upregulates
contractile endothelin type B (ETB) receptors and the contractile response to angiotensin Il
(Ang I1) in the ipsilateral middle cerebral artery. Our hypothesis is that this may be
detrimental if it involves a decreased perfusion in the ischemic hemisphere. Since ischemic
stroke is characterized by inflammation and remodeling of the cerebral vasculature we wanted
to explore if cytokines or growth factors may influence the regulation of endothelin and
angiotensin receptors. Methods: Male Wistar rats were anesthetized with CO2 and
decapitated. The middle cerebral arteries were removed from the brains and incubated for 24
hours at 37 C in humidified 5 % CO2 and air in Dulbecco’s modified Eagle’s medium
supplemented with penicillin and streptomycin. Interleukin (IL)-1beta, I1L-2, tumor necrosis
factor (TNF)-alpha, basic fibroblast growth factor (bFGF), platelet derived growth factor
(PDGF) and epidermal growth factor (EGF) were added individually in different
concentrations at the beginning of culture. Middle cerebral arteries cultured 24 hours without
addition of cytokines or growth factors were used as controls. The contractile responses to
sarafotoxin 6c¢ (S6c; ETB receptor agonist) and Ang Il in raising concentrations were
examined by myographs, and the mRNA-levels for the endothelin receptors were studied by
real-time PCR. Statistical analysis was performed by Kruskal-Wallis test followed by Dunn’s
Multiple Comparison Test, and P<0.05 was considered significant. Values are expressed as
mean + SEM. Results: TNF-alpha (100 ng/ml) and EGF (20 ng/ml) increased the potency to
Sé6c significantly as compared to control (pEC50 [agonist concentration eliciting half maximal
response] = 9.74 + 0.09 for TNF-alpha; 9.75 + 0.12 for EGF and 9.30 + 0.10 for control;
P<0.05; Figure), while the other examined cytokines and growth factors did not have any
effect. No contractile responses to Ang Il (with or without cAMP stimulation) could be
detected with or without cytokines or growth factors, suggesting that other factors may be
responsible for the enhanced Ang Il-contraction seen after ischemic stroke. There was a
tendency towards elevated mRNA levels for the ETB receptor in MCAs incubated with TNF-
alpha (100 ng/ml) as compared to control (P=0.11), while the mRNA levels for the ETA
receptor was significantly decreased in the same arteries (P<0.05). EGF (20 ng/ml) did not
affect the transcription of the ET receptors. Conclusion: TNF-alpha and EGF have the ability
to increase the contractile ETB receptor mediated responses in rat middle cerebral arteries.
Since inflammation and angiogenesis are common phenomena in ischemic stroke, this may
explain the enhanced ETB receptor mediated responses after focal cerebral ischemia.
Previous findings have shown harmful effects of TNF-alpha and EGF in cerebral ischemia
and this may partly be explained by an increased function of contractile ETB receptors.
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DIFFERENTIAL EFFECT OF GLYT1 INHIBITORS ON THE DEVELOPMENT OF
ISCHEMIC CEREBRAL INFARCTION

Laszlo Szabo

Department of Pharmacology, Neuroscience Discovery Research, Abbott GmbH & Co. KG,
Ludwigshafen, Germany

Introduction:  The  enhancement of NMDA  receptor-mediated glutamatergic
neurotransmission has recently gained acceptance as a promising strategy for the treatment of
schizophrenia. Because of obvious concerns over excitotoxicity, current research is focused
on NMDA receptor activation through modulatory sites rather than the development of
glutamate site agonists. In particular, inhibition of glycine reuptake at the GlyT1 transporter
has been shown to upregulate NMDA receptor function via the strychnine-insensitive glycine
site, but the side effect liability of this approach has not been explored. We therefore
investigated the effect of three structurally different GlyT1 inhibitors (R)-NPTS [1], Org
24461 [2] and SSR504734 [3] on ischemic infarct development in the rat. Methods: Focal
cerebral ischemia was induced in fasted male Long Evans rats under sevoflurane/nitrous
oxide anesthesia by permanent distal ligation of the right middle cerebral artery just above the
rhinal fissure. The rats were pretreated with a single intraperitoneal injection of the GlyT1
inhibitor either 30 min ((R)-NPTS and Org 24461) or 60 min (SSR504734) before the onset
of ischemia. Twenty-two hours after vessel occlusion the animals were sacrificed and cerebral
infarct volume was determined on triphenyltetrazolium chloride-stained serial coronal
sections by image analysis. Each treatment group (n = 8 to 11) was compared to its own
vehicle-treated controls by unpaired two-tailed t-test. Differences with P < 0.05 were
considered statistically significant. Results: Pretreatment with 10 or 20 mg/kg (R)-NPTS led
to an increase in infarct volume by 26% and 31%, respectively, without any noticeable
change in the behavior of the animals. The administration of Org 24461 (10 or 20 mg/kg) had
no effect on the final extent of ischemic infarction although it resulted in deep and protracted
sedation. Preischemic therapy with 30 mg/kg SSR504734 reduced infarct volume by 32%
while 10 mg/kg was without effect. The infarct reduction achieved by the higher dose was
accompanied only by a small decrease in the volume of edema, indicating genuine
neuroprotection afforded by the compound. Treatment was not associated with any obvious
behavioral effects. Conclusion: Although the reasons for the disparate impact of GlyT1
inhibitors on infarct development is unclear at present, the findings nevertheless suggest that
the pharmacologically efficacious upregulation of NMDA receptor function via inhibition of
the GlyT1 transporter does not necessarily lead to an enhancement of ischemia-induced acute
excitotoxic cell death. References: [1] Lowe JA, Drozda SE, Fisher K et al.; Bioorg Med
Chem Lett 13:1291-1292 (2003) [2] Harsing LG, Gacsalyi I, Szabo G et al.; Pharmacol
Biochem Behav 74:811-825 (2003) [3] Coste A, Dargazanli G, Estenne-Bouhtou G et al,;
2004 Abstract Viewer/ltinerary Planner, Washington, DC: Society for Neuroscience, Program
No. 349.14 (2004)

Effect of GlyT1 Inhibitors on Cerebral Infarction

* - Vehicle

+ 160 * =3 10 myrkg L.

s 20 (35R: 30) mykg ip
o 140 —

Infarct volume, % of contral (mi

(RFNPTS Ory 24461 5R504734
Drug



16

PROTECTION AGAINST ISCHEMIC BRAIN DAMAGE IN RATS BY
IMMUNOPHILIN LIGAND GPI-1046

Feng Li, Takeshi Hayashi, Nobuhiko Omori, Guang Jin, Kentaro Deguchi, Shoko Nagotani,
Hanzhe Zhang, Yoshihide Sehara, Xiquan Wang, Keiko Hamakawa, I1sao Nagano,
Mikio Shoji, Koji Abe
Department of Neurology, Okayama University Graduate School of Medicine and Dentistry,
Okayama, Japan

<Background> FK506 inhibits ischemic neuronal cell death but its immunosupressive
property could become a problem for clinical use. GP1-1046 is one of the ligands for FK506-
binding proteins, but it dose not cause immunosuppression. Because this molecule has strong
neuroprotective effect as FK506 does, we investigated whether this molecule actually
ameliorates in vivo ischemic brain damage. <Methods> We used male Wistar rats of 11-
weeks-old. Under the anesthesia with nitrous oxide and halothane, the origin of the right
middle cerebral artery (MCA) was occluded using a nylon thread. Ninety minutes later, the
cerebral blood flow (CBF) was restored by removal of the thread. At 2 hours before the
ischemia and just after the CBF restoration, 30 mg/kg of GPI-1046 or vehicle was
subcutaneously injected. At 24 hours after the CBF restoration, the brain was removed and
the infarct volume was measured using triphenyltetrazolium chloride method. In order to
confirm that GPI-1046 actually bound with FK506-binding protein, we measured rotamase
activity which becomes decreased when FK506-binding protein binds with its ligand. We also
performed immunohistochemistry for caspase-8, caspase-3, and cytochrome c, and
investigated whether GPI-1046 prevents apoptotic machinery activation. <Results> Infarct
volume was significantly decreased by GPI1-1046 treatment (Fig, *p<0.05), indicating that this
molecule exerts its neuroprotective property also in vivo. Rotamase activity was markedly
increased by ischemia, but was partially reduced by GPI-1046 treatment, indicating that GPI-
1046 ameliorated ischemic brain damage through binding with FK506-binding protein.
Immunohistochemical analysis for caspase-8, caspase-3, and cytochrome c revealed that GPI-
1046 prevented increased staining of these molecules, which indicated that GPI-1046
prevented activation of apoptotic machinery and thus reduced infarct volume. <Conclusion>
Immunophilin ligand GPI-1046 was effective for ameliorating in vivo ischemic brain damage.
As GPI-1046 does not possess immunosuppressive property, this molecule could be used for
ischemic stroke in clinical situation. Inhibition of apoptotic machinery activation should be

the mechanism of this molecule’s neuroprotection.
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REDUCTION OF CEREBRAL INFARCTION IN SHR-SP BY STATINS

Shoko Nagotani, Takeshi Hayashi, Keiko Hamakawa, Guang Jin, Kentaro Deguchi,
Yoshihide Sehara, HanZhe Zhang, XiQuan Wang, Isao Nagano, Mikio Shoji, Koji Abe

Department of Neurology, Okayama University Graduate School of Medicine and Dentistry,
Okayama, Japan

Background and Purpose: 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitors (statins) have pleiotropic effects on ischemic brain. This study aimed to clarify the
effect of statins against spontaneous stroke occurrence and oxidative brain damage caused by
transient middle cerebral artery occlusion (tMCAQ). Methods: Stroke-prone spontaneously
hypertensive rats (SHR-SP) were treated with pitavastatin (10mg/kg), atorvastatin (20mg/kg),
simvastatin (20mg/kg), or vehicle (n=5 each group) for 28 days. Physiological parameters and
serum lipids were measured, and spontaneous infarct volumes were evaluated by
immunohistochemical examination for MAP2. Using the simvastatin- (n=12) and the vehicle-
treated (n=10) SHR-SP, we immunohistochemically detected the oxidative stress markers for
lipids (HEL and 4-HNE) and DNA (8-OHdG) in their brains following 90 min of tMCAO.
Results: In the spontaneous stroke model, body weight and blood pressure were not different
among 4 groups. Statins did not affect the serum cholesterol levels. The infarct volume was
significantly smaller in the atorvastatin (3.5 £ 3.2 mm3, P < 0.05)- and the simvastatin (3.3 +
1.1 mm3, P < 0.01)-treated groups than in the vehicle-treated group (8.7 £ 3.6 mma3). In the
tMCAO model, immunoreactivities for HEL, 4-HNE, and 8-OHdG in neurons were increased
at 4 and 24 hr after tMCAO in the vehicle-treated animals, while simvastatin significantly
reduced such inductions (Figure). Conclusions: Treatment with statins reduced infarct volume
in the spontaneous stroke model, and ameliorated the oxidative stress in the tMCAO model.
Our results suggest that the antioxidative properties of statins could be useful for preventing
neuronal damage in cerebral ischemia.

vehicle simvastatin

SC 4hr 24hr 4hr 24hr

HEL

Immunohistochemistry for HEL, 4-HNE and 8-OHdG after tMCAO.

SC, sham control. Scale bars = 50 4 m (large panel), 10 u m (inset).
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THE NEUROPROTECTIVE EFFECTS OF A NEWLY SYNTHESIZED POLY (ADP-
RIBOSE) POLYMERASE (PARP) INHIBITOR (KCL-440) ON NEURONAL CELL
DEATH FOLLOWING TRANSIENT FOCAL ISCHEMIA IN RAT

Tatsushi Kamiya, Chikako Nito, Simon Amemiya, Masayuki Ueda, Kengo Kato,
Yasuhiro Nishiyama, Satoshi Suda, Toshiki Inaba, Yasuo Katayama

Division of Neurology, Second Department of Internal Medicine, Nippon Medical School,
Tokyo, Japan

Background and purpose: Recently, it has been reported that Poly (ADP-ribose) polymerase
(PARP), a nuclear protein that participates in DNA base excision repair in response to DNA
damage, is involved in the mechanism of ischemic neuronal cell death (1, 2). Over-activation
of PARP-1 induced by extensive DNA damage consumes NAD+ and ATP consequently,
leading to necrotic cell death. PARP-1 also induces the activation of nuclear factor kB (NF-
kB)-dependent gene expression that initiates cell injury, or induces the release the apoptosis-
inducing factor, resulting in PARP-1-dependent apoptotic cell death. Nevertheless, the
mechanism of PARP over-activation on the ischemic brain have not been fully understood.
The aim of this study is, therefore, to determine whether a newly synthesized PARP inhibitor,
KCL-440, which have strong inhibition of PARP-1, would prevent neuronal cell death
following transient focal ischemia in rats compared to a free radical scavenger, edaravone ,
which is the first clinical neuroprotective agent used in Japan for the treatment of acute stroke
patients. Methods: Sprague-Dawley rats were subjected to MCAo0 using an intraluminal
suture technique for 2 hours (3). The rats were reperfused for 24 hours and decapitated for
infarct and edema analysis (4). Animals were randomly divided into the following four
groups. (1) vehicle-treated control group (I1) low dose of KCL-440 (3.0 mg/kg)-treated group
(11) high dose of KCL-440 (10.0 mg/kg)-treated group (V) edaravone-treated group. PARP
inhibitor-treated animals received a continuous injection of KCL-440 (3.0 or 10.0 mg/kg)
intravenously for 6 hours after the onset of ischemia, while vehicle-treated groups received
same dose of vehicle. Edaravone-treated animals received twice injection of edaravone (3.0
mg/kg) intravenously after the onset of ischemia and 30 minutes after ischemia. During
ischemia, temporal muscle and rectal temperatures were monitored and maintained at 37° in
the experimental animals. Neurological symptoms evaluation were performed immediately
before infarct and edema analysis. Results: The cortical infarct volume (120+/-35 mm3) in the
edaravone-treated group was significantly less than those in group I (251+/-42 mm3, p<0.05),
while there was no significant difference in the striatum. KCL-440 (group Il, 111) decreased
the cortical or striatal infarct volume (105+/-34 mm3, 31+/-10 mm3 in group |l, 64+/-21
mm3, 25+/-9 mm3 in group IlI) significantly compared with those of groups | (251+/-42
mm3, 66+/-7 mm3, p<0.05), dose-dependently. KCL-440 also improved the cortical or
striatal edema significantly compared with those of groups I (p<0.05, p<0.05, respectively).
Moreover, KCL-440 significantly improved neurological symptoms (posture and hemiplegia).
Conclusions: These results demonstrate that a newly synthesized PARP inhibitor, KCL-440
prevents neuronal cell death, compared to a free radical scavenger, edaravone. Furthermore, it
IS suggested that this PARP inhibitor may be a candidate for new neuroprotectant for the
treatment of acute stroke in future. References:(1) Eliasson MJ, Sampei K, Mandir AS et al.,
Nat Med 1997;3: 1089-1095. (2) Virag L, Szabo C. Pharmacol Rev 2002;54:375-429. (3)
Nito C, Kamiya T, Ueda M et al. Brain Res 2004;1008:179-185. (4) Jacewicz M, Tanabe J,
Pulsinelli WA. J Cereb Blood Flow Metab. 1992; 12: 359-370.
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THROMBIN GENERATION AND INHIBITION IN THE MEDIATION OF ISCHEMIC
NEURONAL DEATH

Marlise de Castro Ribeiro®, Jerome Badaut?, Melanie Price', Marita Meins®,
Julien Bogousslavsky®, Denis Monard®, Lorenz Hirt

1Neuro|ogy, Centre Hospitalier Universitaire Vaudois, Lausanne, Switzerland
Neurosurgery, Centre Hospitalier Universitaire Vaudois, Lausanne, Switzerland
*Friedrich-Miescher Institute for Biomedical Research, Basel, Switzerland

Thrombin is a serine protease with dual effects on cell death and survival: It mediates
apoptotic cell death at high concentrations in cultured astrocytes and hippocampal neurons
and induces neuroprotection at low concentrations in the same cells. Recent evidence
indicates that thrombin plays a role in ischemic cell death, as rats subjected to middle cerebral
artery occlusion were protected by the intracerebral injection of hirudin, a selective thrombin
inhibitor. We are using an in vitro approach to further characterise the mechanisms involved.
Organotypic hippocampal slice cultures were subjected to a 30 minute oxygen (10%) and
glucose (Lmmol/L) deprivation (OGD). 24 hours after OGD, there was a marked increase in
thrombin immunoreactivity on Western blots, showing for the first time that OGD leads to the
activation of prothrombin into thrombin. We could also demonstrate that this ischemia
induced activation of thrombin plays an important role in ischemic neuronal death, as both
recombinant hirudin and protease nexin-1, an endogenous cerebral thrombin inhibitor,
significantly prevented neuronal death, when administered after OGD. Using this in vitro
approach we are currently characterising the role of thrombin as a mediator of ischemic
neuronal death.
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PROLONGED THERAPEUTIC WINDOW ASSOCIATED WITH PHARMACOLOGIC
BLOCKADE OF VASCULAR ADHESION PROTEIN-1 (VAP-1)-RELATED POST-
ISCHEMIC LEUKOCYTE ADHESION IN DIABETIC, OVARIECTOMIZED (OVX)

FEMALE RATS GIVEN CHRONIC ESTROGEN REPLACEMENT

Dale A. Pelligrino®, Luisa Salter-Cid®, Matthew D. Linnik?, Hao-Liang Xu*

'Neuroanesthesia Research, University of lllinois at Chicago, Chicago, IL, USA
?La Jolla Pharmaceutical Co., La Jolla, CA, USA

Endothelial VAP-1 facilitates post-ischemic leukocyte adhesion and infiltration in cerebral
venules (abstract-this meeting). Evidence suggests that this role of VAP-1 relates, in part, to
its function as an amine oxidase and the formation of H202 and aldehydes. In the present
study, we examined whether treatment with a specific inhibitor of the enzymatic function of
VAP-1 (LJP-1207) was capable of reducing the neuropathology accompanying transient
forebrain ischemia (TFI). We used a model associated with a high level of post-ischemic
leukocyte adhesion and infiltration—diabetic (6-8 wks post-streptozotocin) OV X female rats
given 1 week of estrogen replacement therapy (ERT). The rats were allowed to recover over 3
days following 20 min TFIl. We compared rats treated, either at the onset or at 6h reperfusion,
with saline or LJP-1207 (30 mg/kg iv). Neurologic function was scored each day over the 3-
day reperfusion period. The daily scores could range from 0 (no dysfunction) to 18 (severe
dysfunction). In controls (n=10), the 3-day score was 13 + 2; while in the VAP-1-inhibited
rats, the scores were 2 + 1 (LJP-1207 treatment @Oh reperfusion [n=7]) and 6 £ 1 (LJP-1207
treatment at 6h reperfusion [n=5]) (see figure). Both treatment groups were statistically
different from control. Findings from our laboratory have shown that leukocyte infiltration, in
diabetic OV X females given ERT, commences at >6h reperfusion (Stroke 35:1974-8, 2004),
and that this “transformation” is largely prevented by LJP-1207 (abstract-this meeting). These
findings, therefore, indicate that VAP-1-mediated post-TFI leukocyte adhesion/infiltration, in
diabetic OVX females given chronic ERT, contributes substantially to neuropathology. One
intriguing implication of these findings is that preventing leukocyte infiltration may provide a
substantial measure of neuroprotection. This could explain the finding of LJP-1207 having at
least a 6-hour therapeutic window, in this model.
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PROGESTERONE AND ALLOPREGNANOLONE AS NEUROPROTECTANTS IN
ISCHEMIC OVARIECTOMIZED MOUSE BRAIN

Susan M. Parker, Patricia D. Hurn, Stephanie J. Murphy

Anesthesiology and Peri-Operative Medicine, Oregon Health and Science University,
Portland, OR, USA

Introduction: We have demonstrated that infarction following transient middle cerebral artery
occlusion (MCAO) is smaller in female rats and that this protection is lost after ovariectomy
(1). We have also shown that chronic progesterone administration before ischemia
exacerbates striatal injury in ovariectomized rats (2) but that low dose acute progesterone
treatment before and after experimental stroke is neuroprotective (3). Allopregnanolone, a
progesterone metabolite, is neuroprotective in rat traumatic brain injury (4) and may mediate
progesterone’s neuroprotective effects. The purpose of this study was to determine in
ischemic ovariectomized mouse brain if exogenous progesterone or allopregnanolone
administration can be neuroprotective. Methods: Seven to 8 days before MCAO, C57BL/6
mice were ovariectomized and received concurrently either no hormone (OVX), 180 pg 17p-
estradiol (ESTROGEN) via subcutaneous silastic implant, 15 or 30 mg 21-day release
commercial progesterone (PROG) pellets placed subcutaneously, or 0.5 or 1.0 mg
allopregnanolone (ALLO) via subcutaneous silastic implant. Each animal subsequently
underwent 90 minutes of MCAO by the intraluminal filament technique (5) followed by 22
hours reperfusion. Cortical (CTX) and caudate-putamen (CP) infarct volumes were
determined by digital image analysis of sequential 2 mm thick coronal brain slices stained
with 2,3,5-triphenyltetrazolium chloride. Laser-Doppler flowmetry (LDF) was used to
estimate ischemic reduction of cortical perfusion at initiation of MCAO. Results: Rectal
temperatures were maintained within normal physiological range and were equivalent among
treatment groups. Results of CTX and CP infarct volumes are shown in figure. LDF (%
baseline) at induction of MCAO was equivalent among treatment groups. All data are mean +
SEM. *p<0.05 from OVX. Conclusion: Chronic, exogenous progesterone and
allopregnanolone administration prior to MCAO at the tested doses did not significantly alter
ischemic brain injury in ovariectomized female mice. References: [1] Alkayed NJ, Harukuni
I, Kimes AS, et al.; Stroke 29:159-165 (1998) [2] Murphy SJ, Traystman RJ, Hurn PD; Stroke
31:1173-1178 (2000) [3] Murphy SJ, Littleton-Kearney MT, Hurn PD; JCBFM 22:1181-1188
(2002) [4] He J, Hoffman SW, Stein DG; Restor Neurol Neurosci 22:19-31 (2004) [5]
Eliasson MJ, Sampei K, Mandir AS, et al.: Nat Med 3:1089-1095 (1997) Grant Support:
Supported by NIH grants RR00163, NS33668, and NR03521.
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NEUROPROTECTIVE ACTIVITY OF GLUCOCORTICOIDS AGAINST NMDA
TOXICITY IN MOUSE CORTICAL NEURON-ASTROCYTE CULTURES:
POTENTIAL ROLE OF THE TPA-PAI-1 AXIS

Edith Debroas, Carine Ali, Nathalie Lebeurrier, Denis Vivien, Dominic Duval
INSERM-Avenir 'TPA in the Working Brain', Caen, France

Given the potent anti-inflammatory effects exerted by glucocorticoids under various
pathological situations, their use has been proposed to protect the brain against cerebral
ischemia, neuro-inflammatory diseases and trauma. However, the efficiency of these
treatments remains a matter of debate, since both neuroprotective and neurotoxic effects have
been observed depending on the experimental models used (Abraham et al., J
Neuroendocrinol., 13: 749, 2001). First we observed that purified neuron and astrocyte
populations both express the mMRNA encoding for the glucocorticoid receptor (as determined
by RT PCR), suggesting that both cell type might respond to glucocorticoid. In order to
further understand the role of glucocorticoids in brain tissues, we have tested the effect of
dexamethasone (a potent glucocorticoid) in a model of mixed murine cultures of neurons and
glia subjected to N-methyl-D-aspartate (NMDA)-induced excitotoxicity. We observed that
pre-treatment of the cultures with dexamethasone significantly reduced NMDA-induced
neuronal necrosis. We also described that dexamethasone (dose and time dependently)
induced within 12-24 hours of treatment a significant increase in both the synthesis and
secretion of type 1 plasminogen activator inhibitor (PAI-1) in astrocyte cultures. Previous
experiments in the laboratory have shown in the same paradigm of NMDA-induced toxicity
that tPA markedly increases the deleterious action of NMDA and that this potentiating action
of tPA is abolished by PAI-1 (Buisson et al., FASEB J, 12: 1683, 1998). Since
dexamethasone led to a significant decrease in t-PA activity (as assessed by zymography
assay), our results suggest that glucocorticoids might exert a neuroprotective activity against
NMDAR-mediated toxicity by interacting with the t-PA/PAI-1 axis.
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CILOSTAZOL PROTECTS BOTH GREY AND WHITE MATTER IN A RODENT
MODEL OF PERMANENT FOCAL CEREBRAL ISCHEMIA

Fumiaki Honda, Hideaki Imai, Chisato Kubota, Tatsuya Shimizu, Nobuhito Saito

Department of Neurosurgery, Gunma University Graduate School of Medicine, Gunma,
Japan

Background and Purpose: Cilostazol, an inhibitor of phosphodiesterase type 3, has been
demonstrated to increase the intracellular cyclic AMP and is approved for use for treating
intermittent claudication by the Food and Drug Administration. Recently cilostazol was
approved by Japanese Health and Welfare Organization as the drug for prevention of lacunar
infarction. The aim of this study was to determine the ability of cirostazol to reduce ischemic
damage in both grey and white matter in a rodent model of permanent focal cerebral
ischemia. Methods: Adult male Sprague Dawley rats (300- 370g) were used. The left middle
cerebral artery (MCA) was occluded by electrocoagulation of the MCA using a modification
of the Tamura method (1). Rats were randomly assigned into three groups to receive 30 (n=7),
50 mg/kg (n=7) cilostazol or the placebo (n=8). Cilostazol (30 or 50 mg/kg) or vehicle was
administrated by gavage 30 min and 4 hours after the induction of cerebral ischemia by
permanent occlusion of the left MCA. Animals were killed 24 hours following MCA
occlusion, and the volume of grey matter damage evaluated by quantitative histopathology.
The hemispheric extent of axonal damage was determined by amyloid precursor protein
(APP) immunohistochemistory. APP score was calculated by the previously reported method
(2). Results:  Treatment with the higher dose cilostazol (50 mg/ kg) significantly reduced the
volume of grey matter damage in the cerebral hemisphere by 45.0 %(p< 0.05) and cerebral
cortex by 48.5% (p< 0.05), respectively, compared with vehicle. Axonal damage was reduced
by 39.5 % (p< 0.005) (Figure). The neuroprotective efficacy of the lower dose (30 mg/kg)
was less than that of higher dose cilostazol. The volume of ischemic damage in the cerebral
hemisphere was reduced by 36.8 % (p<0.05) and cerebral cortex by 40.4% (p< 0.05). Both
does of cilostazol (30, 50 mg/kg) had no therapeutic efficacy on the caudate nucleus, where
ischemia was most severe in this model. Conclusions: The treatment with cilostazol
significantly reduced grey and white matter damage with permanent ischemia. The main
neuroproteictive mechanism of cilostazol has been linked to its inhibition of platelet
aggregation and vasorelaxant, which may contribute to beneficial action in terms of restore of
cerebral blood flow in penumbra. Cilostazole was reported to dilate pial arteries and inhibit
the formation of thrombosis during focal ischemia in the cat. The treatment of cisrostazol is
likely to be a one of the most beneficial pharmacological regimen that will minimize brain
injury in acute stroke. Reference: (1) A Tamura et al (1981) J Cereb Blood Flow and Metab
1:53-60. (2) H Imai et al (2002) J Cereb Blood Flow and Metab 22: 1080-1089.
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ATORVASTATIN REDUCES CEREBRAL INFARCTION VIA INHIBITING NADPH
OXIDASE-DERIVED SUPEROXIDE IN TRANSIENT FOCAL ISCHEMIA

Hua Hong"?, Jin-Sheng Zeng?, Yong-Yuan Guan®, Alex F. Chen*

'Departments of Pharmacology, Neurology and Neuroscience, Michigan State University,
East Lansing, MI, USA
Department of Neurology and Stroke Center, The First Affiliated Hospital, Sun Yat-Sen
University, Guangzhou, China
*Department of Pharmacology, Sun Yat-Sen University, Guangzhou, China

Introduction: Statins have recently been shown to exert neuronal protection in ischemic
stroke. Reactive oxygen species (ROS) including superoxide anion formed during early phase
of reperfusion in ischemic stroke augments neuronal injury, and NADPH oxidase is a key
enzyme for superoxide production. The present study tested the hypothesis that atorvastatin
reduces cerebral infarct size via inhibiting NADPH oxidase-derived superoxide in transient
focal ischemia. Methods: Focal ischemia (2 hours) was created in halothane-anesthetized
adult male Sprague-Dawley rats (250-300 g) by middle cerebral artery occlusion (MCAOQ).
Atorvastatin (Lipitor™, 10 mg/kg) was administrated subcutaneously 48, 24 and 2 hrs prior to
MCAO. Infarct volume was determined by triphenyltetrazolium chloride staining. NADPH
oxidase enzymatic activity and superoxide levels were quantified in both ischemic core and
penumbral regions by lucigenin (5 uM)-enhanced chemiluminescence assay. Expression of
NADPH oxidase membrane subunit gp91phox and cytosolic subunit p47phox was measured
by Western blot analysis. Results: NADPH oxidase enzymatic activity was increased
following reperfusion and peaked within 2 hours of reperfusion in the penumbra, but not core,
of MCAO rats (31.9+5.5 vs. 16.8+0.8 nmol/min/mg protein in control, p<0.01, n=4-5), which
was prevented by atorvastatin pretreatment (21.2+1.3, p<0.05, n=4-5). Furthermore,
atorvastatin treatment significantly reduced superoxide levels (0.3£0.07 vs. 0.6+0.04
nmol/min/mg protein in control, p<0.001, n=3-4), impeded the expression of NADPH oxidase
membrane subunit gp91phox (73+3 vs. 104+9% in control, p<0.01, n=3) and the translocation
of cytosolic subunit p47phox to the membrane (78.8+1.5 vs. 239.5£78.9% in control, p<0.05,
n=6-7) in the penumbra 2 hrs after reperfusion in MCAO rats. Consequently, cerebral infarct
volume was significantly smaller in atorvastatin-treated compared to non-treated control
MCAOQ rats 24 hours after reperfusion (11+3 vs. 22+1% in control, p<0.01, n=6).
Conclusions: These results demonstrate that atorvastatin reduces cerebral infarct size via
inhibiting NADPH oxidase-derived superoxide in transient focal ischemia. (Supported by
American Heart Association grants #0130537Z and #0455594Z (to AFC), China Medical
Board (CMB) grant #00730 and the National Natural Sciences Foundation of China grants
#39940012 and #30271485 (to JSZ and YYG).



25

STROKE PROTECTION BY ATORVASTATIN TREATMENT IN STROKE-PRONE
SPONTANEOUSLY HYPERTENSIVE RATS (SHRSPS):1. RATE OF MORBIDITY
AND MORTALITY OF STROKE, AND SERUM ASYMMETRIC DIMETHYL
ARGININE (ADMA)

Noriko Tanaka, Toshiya Katsumata, Tatsuo Otori, Yutaka Nishiyama, Hidenori Nakamura,
Yasuo Katayama

Internal Medicine 2, Nippon Medical School, Tokyo, Japan

Purpose Previous studies have demonstrated neuronal protective effects of statin treatment.
ADMA is an inhibitor of endogenous nitric oxide, which regulates blood circulation to adjust
vascular diameter, and is considered to inversely correlated with nitric oxide production. The
objective of the present study was to determine whether atorvastatin treatment to SHRSPs
protects against stroke. Serum biochemical examinations including ADMA were also
examined. Methods Male 8 weeks SHRSPs were treated orally daily with atorvastatin
suspension at a high dose of 20mg/kg (n=10, A group) or a low dose of 2mg/kg (n=10, B
group). Vehicle male 8 weeks SHRSPs were treated orally daily with same amount of
suspension without atorvastatin (n=10, V group). Body weight was measured every day after
treatment started, and blood pressure and heart rate were measured at the age of 8 and 17
weeks. To determine a morbidity of stroke, neurological score was examined every day.
Biochemical examinations including cholesterol and ADMA were measured at the age of 19
weeks. Results Each mean survival times were 76 (A group), 64 (B group) and 50 (V group)
days from the day of treatment started (Kaplan-Meier method). Survival period in A group
was significant longer than that in V group (logrank test). Each mean period of stroke
morbidity were 42 (A group), 39 (B group) and 35 (V group) days from the day of treatment
started (Kaplan-Meier method). The period of stroke morbidity in A group was significant
longer than that in V group (loglank test). There were no significant differences in body
weight, blood pressure and heart rate among three groups (Dunnet test). ADMA was
significantly lower in A group (0.61+0.06) than V group (0.81+0.18) (mean+SD, Dunett
multiple comparison test), whereas there were no significant differences in biochemical
examinations of serum cholesterol, renal and liver functions and creatinine phosphokinase.
Conclusions It was demonstrated that atorvastatin treatment reduced morbidity and mortality
of stroke in SHRSPs. It was suggested that this protection was mediated by up regulation of
nitric oxide production by atorvastatin treatment.
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MAPPING OF GLIAL METABOLISM IN INTACT RAT BRAIN USING 14C-
ACETATE

Rie Hosoi', Yuto Kashiwagi®, Shin-ichiro Hirose’, Koji Abe*, Jun Hatazawa?, Antony Gee?,
Osamu Inoue!

YCourse of Allied Health Sciences, Graduate School of Medicine, Osaka University, Osaka,
Japan
’Department of Diagnostic Medicine, Osaka University Graduate School of Medicine, Osaka,
Japan
3GlaxoSmithkline, Clinical Research Unit, Cambridge, UK

Introduction Exogenous acetate is preferentially taken in astrocytes by monocarboxylate
transporter-1 (MCT1) mediated process. Recently, we found that 14C-acetate uptake in the rat
brain appears to occur in parallel with glial energy metabolism and reflects glial conditions. In
this study, we examined in vivo 14C-acetate uptake after ischemia/reperfusion of middle
cerebral artery (MCA). Effects of microinjection of excitotoxic amino acid into rat striatum
were also studied. Methods Male Wistar rats (8-9 weeks old) were used, and middle cerebral
artery occlusion (MCAO) was made under halothane anesthesia. After 3, 10, 30 and 90
minutes of MCAQ, the intraluminal suture was removed for reperfusion. Immediately after
the reperfusion, rats were given an intravenous bolus injection of 14C-acetate, 14C-IMP, or
14C-deoxyglucose (DG) and decapitated 5 minutes, 0.5 minute, or 45 minutes after the tracer
injection. Coronal sections (20 um) were prepared and autoradiograms were obtained. The
radioactivity concentrations in regions of interest (ROIs) were determined as the photo-
stimulated luminescence (PSL) values and expressed as the proportion of the value on the
ischemic side to that on the contralateral side. For excitotoxic amino acid experiments, rats
were microinjected with ibotenic acid (16 pg/2 pl) into the left striatum. At 3, 24 hours and 2
weeks after the microinjection, autoradiograms for 14C-acetate and 14C-DG were prepared
by the same method. The sections were stained with cresyl violet for estimating cell injury.
Results and Discussion The brain uptake of 14C-acetate was very sensitive to brain ischemia.
Immediately after the 3 minutes-MCAO and reperfusion, 14C-acetate uptake showed a
significant reduction (50%) in the rat striatum (ischemic core). In contrast, 14C-DG uptake
was almost unaltered by 3 minutes-MCAO and reperfusion. By 90 minutes occlusion, 14C-
acetate uptake in the striatum was reduced to 30%, whereas 14C-DG uptake was decreased to
70%. The reduction areas were expanded to cerebral cortex (penumbra) with increase in
occlusion period. A significant increase in regional blood flow was seen in the striatum and
cerebral cortex in rat brain occluded for 10 and 30 minutes, which indicated 14C-acetate
uptake was independent on changes in blood flow. Transient down regulation of MCT-1
function or glial metabolism is the mechanism for sensitive reduction in 14C-acetate uptake in
ischemic rat brain. Ibotenic acid caused significant reduction in 14C-acetate uptake at 3, 24
hours and 2 weeks after the microinjection. An increase in 14C-DG uptake was seen at 3
hours after the ibotenic acid injection, however decreases in glucose metabolism were
observed at 24 hours and 2 weeks after the microinjection. These results indicated that
excitotoxic amino acid might have important roles on regulation of 14C-acetate uptake in
intact rat brain. In conclusion, 14C-acetate is a very sensitive probe to detect glial dysfunction
in ischemic rat brain.
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NEUROPROTECTIVE EFFECTS OF DEXMEDETOMIDINE-HYPOTHERMIA
AFTER ASPHYXIAL CARDIAC ARREST IN RATS

Tetsu Kimura, Toru Goyagi, Makoto Tanaka, Yoshitsugu Tobe, Yoko Masaki,
Toshiaki Nishikawa

Department of Anesthesia and Intensive Care Medicine, Akita University School of Medicine,
Akita, Japan

Background: Dexmedetomidine and hypothermia are known to reduce brain injury following
ischemia. We examined whether dexmedetomidine would enhance the neuroprotective effects
of hypothermia after asphyxial cardiac arrest in rats. Methods: Male Sprague-Dawley rats,
anesthetized with halothane, were assigned to one of four groups (n = 7 for each group);
control (C, saline 1 ml/kg and temporal muscle temperature 37.5°C), dexmedetomidine (D,
dexmedetomidine 10 pg/kg and 37.5°C), hypothermia (H, saline 1 ml/kg and 35.0°C), and
dexmedetomidine - hypothermia (DH, dexmedetomidine 10 pg/kg and 35.0°C) groups. After
obtaining predetermined temporal muscle temperature, either dexmedetomidine or saline was
administered intraperitoneally 30 min before insult. Cerebral ischemia was induced with
asphyxia of 5 min, which led to cessation of circulation at about 3 min of apnea, resulting in
cardiac arrest of about 2 min. Spontaneous circulation was restored by external
cardiopulmonary resuscitation and intravenous epinephrine. Neurological deficit score (worst
= 0; best = 18) was assessed at 24, 48, and 72 hours after return of spontaneous circulation,
and then the brain was fixed and stained with hematoxylin and eosin. Results: Percentages of
intact neurons in hippocampal CA1 were smaller in the group C than the other groups (C, D,
H, and DH: 26 + 14, 53 £ 9, 61 £ 5, and 58 + 21 (mean + SD), respectively (P < 0.05),
whereas percentages of intact neurons in cerebellar Purkinje cells were similar among the
groups. Neurological deficit scores were similar among the groups. Conclusions: Our results
suggest that intraperitoneal dexmedetomidine 10 pg/kg and hypothermia have the
neuroprotective effects after asphyxial cardiac arrest respectively, whereas the addition of
dexmedetomidine to hypothermia does not enhance the neuroprotective effects of
hypothermia.
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HYPERGLYCEMIA INCREASES PROTEIN KINASE C (PKC) ACTIVITY AND
MYOGENIC TONE OF PENETRATING BRAIN PARENCHYMAL ARTERIOLES
AND IS ASSOCIATED WITH DIMINISHED POSTISCHEMIC REPERFUSION AND
ENHANCED INFARCTION

Marilyn J. Cipolla, Lisa Vitullo, Nicole Hoyniak, Rachael Hannah

Department of Neurology, University of Vermont, Burlington, Vermont, USA

Background: Preexisting hyperglycemia is associated with enhanced injury in the
postischemic brain, including a significantly higher incidence and severity of cerebral
infarction and edema formation. Because elevated glucose is known to have a significant
effect on vascular function, including myogenic tone and reactivity, we hypothesized that
elevated glucose influences stroke outcome through a direct effect on cerebral blood flow
(CBF) and the extent of postischemic reperfusion. Methods: Male Wistar rats that were either
normoglycemic (n=19; glucose=158+12mg/dL) or hyperglycemic (n=17;
glucose=348+41mg/dL; p<0.01) by injection of 50mg/kg streptozocin (STZ) for 3 days,
underwent middle cerebral artery occlusion (MCAO) for 1 hour followed by 30 min. of
reperfusion. Neurologic deficit score (out of 32), infarction score (0-4) after TTC staining,
and percent of CBF recovery were compared between groups. In separate groups of animals
that did not undergo MCAO, microvessels were isolated and PKCBII activity determined by
Western analysis of phospho-PKCBII. Lastly, the percent of myogenic tone was determined in
isolated and pressurized parenchymal arterioles. Results: Hyperglycemic animals had
significantly worsened stroke outcome compared to normoglycemic controls, including
neurologic deficit score (32.0 = 0.0 vs. 4.5 £ 1.5; p<0.01), infarct score (3.5 £ 0.5 vs. 1.5 £
0.4; p<0.01) and extent of CBF recovery (58 £ 12% vs. 87 + 13%; p<0.05). Further, high
serum glucose negatively correlated with decreased reperfusion after ischemia (= 0.5;
p=0.02). In cerebral microvessels, PKCPBII activity was significantly elevated in
hyperglycemic animals compared to controls (Western ratio = 2.7 = 0.3 vs. 3.8 + 0.8; p<0.01)
that was associated with increased myogenic tone (% tone at 40mmHg= 38 + 2% vs. 54 +
8%; p<0.01). Conclusions: These results demonstrate that preexisting hyperglycemia
significantly worsens stroke outcome, including enhanced infarction and neurologic deficit,
possibly through a direct effect on the vasculature that diminishes postischemic reperfusion.
Increased PKCPII activity in cerebral microvessels is likely due to enhanced flux of glucose
through the glycolytic pathway that increases diacylglycerol accumulation, the primary
activator of PKC. This pathway has been shown to be a major contributor to diabetic vascular
complications. In addition, since PKC activity is known to underlie myogenic activity, it is
possible that its enhanced activation under hyperglycemic conditions contributes to the
greater myogenic tone in those animals, an effect that would serve to diminish CBF
reperfusion and worsen stroke outcome. In conclusion, it appears that the cerebrovasculature
is a potential therapeutic target for protection during hyperglycemic stroke, possibly by
preventing the glucose-induced increase in PKCBII activation and/or enhanced myogenic
tone. Supported by NIH NS40071 and Totman Medical Research Trust.
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PROTECTIVE EFFECT OF MINOCYCLINE TREATMENT ON STRIATAL
ISCHEMIA IN RATS

Huijin Yan®, Richard Buist', Dale Corbett?, James Peeling™?

'Department of Radiology, Unversity of Manitoba, Winnipeg, Canada
2Department of Basic Medical Sciences, Memorial University, St.John’s, Newfoundland,
Canada
*Department of Pharmacology and Therapeutics, University of Manitoba, Winnipeg, Canada

We demonstrated previously that minocycline is neuroprotective in a rat model of
collagenase-induced intrastriatal hemorrhage through depression of inflammation.
Minocycline treatment significantly reduced necrotic damage and apoptic cell death,
suppressed monocyte activation, and downregulated MMP-12 (matrix metalloproteinase)
expression. The present study examined the effect of minocycline treatment in an intrastriatal
ischemia (I1SI) model in rat. Twenty-four male SD rats received an intrastriatal injection of
enothelin-1 (ET-1, 400 pmol in 1pL saline) under halothane anesthesia. Minocycline was
given intraperitoneally at a dose of 45 mg/kg 1 hour before or 3 hours after ISI, and on days 1,
2, and 3, and 22.5mg/kg on day 4 and 5. Control rats received equivalent injections of saline
at the same times. Behavioral tests (forelimb postural reflex, spontaneous circling, and beam
walking) were conducted before and 2, 4, 7, and 21 days after ISI. Rats in both treatment
groups showed a significant improvement in behavioral scores (p<0.05) as early as day 2 after
ISI, and this was maintained until day 21 (p<0.01). The cylinder test, which measures any
asymmetrical usage of the forelimbs during postural support, was conducted before and at 1
and 3 weeks after I1SI. Rats in the control group displayed more reliance on the ipsilateral
limb, while those in both treatment groups showed a nearly normal pattern (p<0.05-0.01),
after ISI. Delaying the initiation of minocycline treatment to 3 hr after I1SI was as effective as
starting treatment before ISI. All rats underwent MRI examination for brain perfusion 1 hour
after ISI, and T2-MRI 2 days and 21 days after ISI. The size of the ischemic lesion at 2 days
was not different significantly between groups, nor was there a difference in blood flow in the
lesion region of interest. The final volume of histological injury was correlated with MRI
estimates of damage. The results showed that the neurobehavioral outcome was significantly
improved with minocycline treatment after 1SI, even though there was no marked difference
in the size of the ischemic lesion, and that there appears to be a clinically useful window for
minocycline treatment. (Supported by the Canadian Stroke Network).
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PROTECTIVE EFFECT OF THE FREE RADICAL SCAVENGER (EDARAVONE)
AGAINST THE PHOTOCHEMICALLY INDUCED CEREBRAL INFARCTION IN
THE MICE

Shinji Nakajima®, Syoujiroh Sawada®, Yuhji Morimoto®, Souichiroh Nomura?

'First Internal Medicine, NDMC, Tokorozawa, Japan
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Introduction: Edaravone is a potent free radical scavenger, which is known to reduce the size
of infarction in animal experiments and clinical applications. The aim of this study is to
observe sequentially the effect of this unique antioxidant against the photochemically induced
cerebral infarction in the non-invasive way using the higher magnetic field MRI device.
Methods: C57BL/6J mice (25-30g) were anesthetized by the intraperitoneal injection of
chloralose and urethane mixture, keeping the rectal temperature at 37.5 degrees on the
thermo-regulated heating pad (Nihon Kohden, ATB-1100). Photothrombosis (PT) was created
in the right parietal lobe by the stereotactic illumination of the laser-diode light (532 nm, 5
mW) for 30 minutes after the injection of rose-bengal solution via the tail vein. Cerebral
blood flow was measured on the right parietal lobe using the laser-Doppler flow meter
(Advance, ALF21), and the mean arterial pressure with heart rate was monitored throughout
the experiment from the tail artery (Muromachi, MK-2000). Animals were divided into the
ischemic control (C) group (N=6), and edaravone (E) group (N=6) treated twice (3 mg/kg iv,
each time), immediately before and after PT. Cerebral images were taken by the 9.4 T MRI
(Bruker, AVANCE400WB) at 1- and 3-hour, 1- and 3-day, and 1-week after PT in individual
mice. Ischemic changes were measured sequentially in T1+Gd-DTPA (PWI), Diffusion
(DWI), and T2 weighted images (20mm FOV, 256x128 matrix, coronal slice) by the ROI
analysis program. Small numbers of mice were used for the videomicroscopic observation
through the cranial window and the morphological analysis. Results: Microscopic observation
through cranial windows showed diffuse cortical vessel occlusions by homogenous thrombi in
the C group, indicating the enough ischemic insult by 30-minutes irradiation of green light
laser. In the C group, MR images showed moderate ischemic changes in PWI and DWI at 1-
hour. T2 changes appeared at 3-hour, further enlarging in size at 1- and 3-day, and then
subsided at 1-week. These edematous changes apparently reduced in the E group. The cross-
sectional size of ischemic T2 changes occupied 36.2+1.9 % (M+SEM) of the ipsilateral
hemisphere at 3-day in the C group, and it decreased to 9.6+2.6 % (p<0.05) in the E group.
Conclusion: Free radical scavenger, edaravone, markedly decreased the size of ischemic
changes induced by photothrombosis. One mechanism of protection may be due to the
reduction of the post-ischemic inflammatory process through blocking the dissociation of
NFkB and 1kB by free radicals. Another mechanism might be the attenuation of blood brain
barrier disruptions by interfering free radical reactions initiated by singlet oxygen molecules
generated photochemically at endothelium (1). Further analysis will be required. References:
(1) Dietrich WD et al., Acta Neuropathol (Berl) 1987; 72: 315-325
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3-METHYL-PHENYL-2-PYRAZOLIN-5-ONE (EDARAVONE), A NOVEL FREE
RADICAL SCAVENGER: EDARAVONE INHIBITS THE INCREASE OF PLASMA
OXLDL AND S100B IN PATIENTS WITH ACUTE CORTICAL INFARCTION
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Objective: MCI-186 inhibits both nonenzymatic lipid peroxidation and lipid oxygenase
pathway of the arachidonate cascade. This agent has several neuroprotective effects by
inhibiting vascular endothelial cell injury and ameliorating neuronal damage in ischemic brain
models. Clinically it is represents a neuroprotective efficacy and potentially useful for treating
acute ischemic stroke, since it can exert significant effect on functional outcome as compared
with placebo. However, to date, there is no assessment regarding any efficacy of MCI-186
based on the plasma biomarkers. Previously we first demonstrated that plasma oxidized low-
density lipoprotein (OxLDL) reflects the brain oxidative damage in acute cerebral infarction.
And also S100B levels in the plasma have been reported to correlate with the brain damage.
The aim of this study is to investigate whether the efficacy of MCI-186 is reflected by the
plasma biomarkers of brain damage. Material and Methods: Our study population consisted of
43 patients (27 men and 16 women) who had suffered an ischemic cerebral infarct. Based on
the location of the ischemic lesions, they were divided into two groups; G1(n=23) had cortical
lesions, G2(n=20) lesions in the basal ganglia or brain stem. MCI-186 was administered for
initial 14 days from admission for 26 patients (Gla, n=12, G2a, n=14). The initial use of the
drug was within 6h after the stroke onset. The efficacy was compared with patients not treated
by MCI-186 (G1b, n=11, G2b, n=6). Plasma OxLDL was determined by a sandwich ELISA.
S100B and MnSOD were measured using commercial kits. Neuronal deficits were evaluated
by NIH stroke scale (NIHSS) on admission and discharge. Results: In G1 group, admission
plasma OxLDL was significantly higher than G2 group (p<0.01). The elevated plasma
OxLDL in Gla on admission was significantly decreased after MCI-186 treatment (p<0.05).
On the contrary, G1b patients had a persisted increase in plasma OxLDL until 3 days after the
insult. Although there was significant difference between Gla and G1b on third days, both
G2a and G2b patients had similar plasma OxLDL. The plasma level of S100B and MnSOD in
G1la was significantly lower than in G1b 3 days after the treatment (p<0.05, respectively).
NIHSS in Gla and G2a tended to be lower than in G1b and G2b, the difference was not
significant. Conclusions: This is the first evidence that indicated the efficacy of MCI-186 via
plasma biomarkers. Our findings indicated that MCI-186 may be useful for the reduction of
oxidative damage in the cortical infarction but not the other lesion, and suggested that this
effect contributes to the decrease of brain damage, resulting in the decrease of S100B level.
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A SUBSTANCE P ANTAGONIST IMPROVES OUTCOME FOLLOWING
REVERSIBLE MIDDLE CEREBRAL ARTERY OCCLUSION IN RATS
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Previous results from our laboratory (1) have shown that neurogenic inflammation is
associated with traumatic brain injury. This neurogenic inflammation was characterized by
increased substance P (SP) immunoreactivity, and could be attenuated with administration of
SP antagonists with a resultant decrease in functional deficits. The present study examines SP
immunoreactivity following experimental stroke in rats and characterizes the effects of a
substance P antagonist on functional outcome. Experimental stroke was induced in halothane
anesthetized Sprague-Dawley rats using a reversible thread model of right middle cerebral
artery occlusion (2) where occlusion was maintained for 2 h and the thread retracted to allow
reperfusion. Animals not exhibiting anti-clockwise circling behaviour at 2 h after
commencement of reperfusion were excluded from the study. In a subgroup of animals, either
25 mg/kg n-acetyl-tryptophan or equal volume saline was administered i.v. at this timepoint,
and their motor function subsequently assessed for 7 days using a rotarod device. Untreated
animals were reanesthetized at 24 h and their brains perfusion fixed with 10% formalin,
removed and blocked in paraffin wax. Increased SP immunoreactivity relative to the
contralateral (non-infarcted) hemisphere was observed in perivascular, neuronal and glial
tissue within the penumbra of the infarcted hemisphere. This increased SP immunoreactivity
was not as apparent in the infarct core. In animals receiving treatment, administration of the
SP antagonist resulted in a significant improvement in rotarod score as compared to vehicle
treated animals. We conclude that neurogenic inflammation, as reflected by increased SP
immunoreactivity, occurs in the ischemic penumbra following experimental stroke, and that it
may be associated with the development of functional deficits. As such, inhibition of
neurogenic inflammation may represent a novel therapeutic target for the treatment of
reversible, ischemic stroke. (1) Vink R (2004) New developments in the pharmacologic
management of posttraumatic edema. 7th Int. Neurotrauma Symp. Medimond, Bologna, pp
55-60. (2) Anderson MF, Nilsson M, Eriksson PS, Sims NR (2004) Glutathione monoethyl
ester provides neuroprotection in a rat model of stroke. Neurosci. Lett. 354,163-165.
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DO CYCLOSPORIN A AND INSULIN SYNERGISTICALLY PROTECT AGAINST
ISCHEMIC SPINAL CORD INJURY IN RABBITS?

Shyunsuke Tsuruta, Mishiya Matsumoto, Yumika Koizumi, Shiro Fukuda, Takefumi Sakabe

Department of Anesthesiology, Resuscitology Yamaguchi University School of Medicine, Ube,
Japan

Introduction: Cyclosporin A (CsA) has been reported to protect against ischemic brain injury
by inhibiting calcineurin and blocking the mitochondrial permeability transition pore. In the
present study, we sought to determine whether CsA protects against ischemic spinal cord
injury in rabbits. In the preliminary study, we observed CsA-induced hyperglycemia.
Therefore, insulin was administered to control blood glucose concentrations. Also, spinal cord
microinjury (SCI) was made to facilitate the delivery of CsA to the spinal cord. Methods:
Thirty New Zealand white rabbits were assigned to one of the five groups (six in each). Group
A: sham operation of SCI & vehicle; Group B: SCI & vehicle; Group C: SCI & CsA; Group
D: SCI & vehicle & insulin; Group E: SCI & CsA & insulin. SCI was made by insertion of a
0.35 mm steel needle into the spinal cord (2 mm in depth) bilaterally at the level of L 4-5 and
L 5-6 interlamina space under general anesthesia four days before ischemia. CsA (10 mg/kg)
was administered intravenously daily for three days before ischemia (two days, one day, and
just before ischemia). Spinal cord ischemia was induced in all groups for 13 min by occlusion
of the abdominal aorta. Hind limb motor function was assessed using five-point grading scale
for 4 days after reperfusion as follows: 4 = normal; 3 = ability to hop, but not normally; 2 =
inability to hop, but good antigravity strength; 1 = weak antigravity movement only; 0 =
paraplegia. Then, the lumbar spinal cord was examined morphologically (HE staining). Data
are expressed as mean + SD. * & #: significant difference (P < 0.05) from Group A and B,
respectively. Results: Blood glucose concentrations just before ischemia were 163 + 19, 179 +
37, 237 £ 71, 120 £ 21*#, 115 + 15%# mg/dl in Group A, B, C, D, and E, respectively.
Average motor function scores at 96 h after reperfusion were 1.3 £ 0.5, 1.3 £ 0.5, 1.3 £ 0.5,
3.3 £ 1.0* # and 4*#, in Group A, B, C, D, and E, respectively. The number of normal
neurons in the anterior spinal cord at the L5 level was 29 + 13,35+ 9, 33 £ 8, 67 £ 28*, 73
8*#, in Group A, B, C, D, and E, respectively. Discussion: CsA and insulin protected against
ischemic spinal cord injury, whereas CsA itself did not have any protective effect even in the
animals pretreated with spinal cord microinjury to facilitate the drug delivery to the spinal
cord. CsA-induced hyperglycemia may have offset the protective effects of CsA. Insulin itself
showed protective effects. SCI might have strengthened the protective effects of insulin.
Further investigation would be encouraged to determine the interaction between CsA and
insulin as well as the mechanism for protective effects against ischemic spinal cord injury.
References: 1) Uchino H, et al. Acta Physiol Scand 1995;155:469-71 2) Nakao Y, et al. J
Thorac Cardiovasc Surg 2001;122:136-43
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PRETREATMENT WITH ANGIOTENSIN TYPE Il RECEPTOR BLOCKER
CANDESARTAN REDUCES SUPEROXIDE PRODUCTION AND SUBSEQUENT
ISCHEMIC NEURONAL INJURY AFTER GLOBAL CEREBRAL ISCHEMIA

Taku Sugawara, Hiroyuki Kinouchi, Masaya Oda, Hidehiko Shoji, Tomoya Omae,
Suguru Yamaguchi, Kazuo Mizoi

Neurosurgery, Akita University School of Medicine, Akita, Japan

INTRODUCTION Excessive superoxide production after cerebral ischemia is known to
mediate neuronal injury. Angiotensin type 1 receptor (AT1R) activation is a source of
superoxide, but whether blockade of AT1R leads to reduction of superoxide and subsequent
neuronal injury after ischemia remains unclear. METHODS Normotensive rats were treated
with daily administration of the AT1R blocker candesartan (0.1---10 mg/kg) or vehicle from
days 1 to 12. Global cerebral ischemia was induced for 5 minutes on day 7 and the animals
were sacrificed on day 12 for evaluation of morphological injury to the vulnerable
hippocampal CAL neurons. Production of superoxide in these cells in the early stage after
ischemia was also examined. RESULTS Candesartan 0.5 and 1 mg/kg/day protected
approximately 30% of the hippocampal CAL neurons, whereas only 2% of neurons survived
in vehicle-treated animals. There was significantly less superoxide production in these
vulnerable neurons in candesartan-treated animals than in vehicle-treated animals (Fig 1:
Photomicrographs taken under a confocal microscope of the hippocampal CA1 pyramidal cell
layer (A---D) and quantitative study of ethidium signals (E). Numerous punctate superoxide
signals were observed in the cytosol of hippocampal CAL neurons in vehicle-treated animals
(A, B), whereas less numerous and less intense signals were observed in the 1 mg/kg/day
candesartan-treated animals (C, D). Ethidium signals are shown in panels B and D and
nuclear counterstaining overlapped in panels A and C. Quantitative analysis confirmed the
differences between these two groups (E, n = 4 each, *p < 0.05). Scale bar = 20 um.).
CONCLUSIONS AT1R may be involved in superoxide production and subsequent injury in
the vulnerable neurons after global cerebral ischemia.
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INFLUENCE OF ANAESTHESIA ON THE NEUROPROTECTIVE EFFECT
ELICITED BY 3-AMINOBENZAMIDE, A POLY(ADP-RIBOSE) POLYMERASE
INHIBITOR, IN A MOUSE MODEL OF TRANSIENT FOCAL CEREBRAL
ISCHEMIA

Jérdme Couturier, Elisabeth Letellier, Bruno Palmier, Michel Plotkine, Isabelle Margaill

Laboratoire de Pharmacologie, Université Paris 5, Paris, France

Introduction: We and others reported the neuroprotective effect of 3-aminobenzamide (3-AB),
a poly(ADP-ribose) polymerase (PARP) inhibitor in cerebral ischemia (1,2). The aim of this
study was to evaluate the effect of 3-AB in transient focal cerebral ischemia performed in
mice under two distinct anaesthetics: chloral hydrate (CH) and ketamine/xylazine (KX).
Materials: Male Swiss mice (27-32 g) anaesthetized i.p with ketamine (50 mg/kg) + xylazine
hydrochloride (6 mg/kg) or with chloral hydrate (400 mg/kg) were subjected to a 1 h-
intraluminal occlusion of the left middle cerebral artery (MCAO0) followed by reperfusion.
Ischemia was controlled by measuring cerebral blood flow in the MCA territory (using
MoorLab® laser doppler flowmeter). Treatments with 3-AB at 40 mg/kg or with its vehicle
(saline) were administered i.p 15 min prior to reperfusion and again 3 h after its onset. The
functional outcome (neurological score, grip test, loss of weight) were examined 24 h after
MCAo and infarct volumes were measured after triphenyltetrazolium chloride staining. In a
second experiment, PARP activation was evaluated by western blotting of poly(ADP-ribose)
polymers 6 hours after ischemia in the ipsilateral brain parenchyma of sham-operated animals
(undergoing all the surgery except the filament insertion) and of ischemic mice given 3-AB or
its vehicle. Results: The drop in cerebral blood flow (68-72%) did not statistically differ
among the four groups. The infarct volume of mice anaesthetized with CH (n=6) was
increased by 27% (P<0.05) as compared with mice anaesthetized with KX (n=6). In “CH”
mice, 3-AB reduced by 26% the infarct volume (n=6, P<0.05). By contrast, 3-AB (n=8) was
devoid of effect in “KX” animals. None of the functional outcome was improved by 3-AB
whatever the anaesthetic. In “KX” mice, ischemia induced a 2-fold increase in the level of
poly(ADP-ribose) polymers in comparison with sham-operated animals (122+13 arbitrary
units (n=6) vs 61+4 arbitrary units (n=6), P<0.01). This PARP activation was inhibited by
90% by 3-AB (6711 arbitrary units (n=6), P<0.01). Conclusion: One hour MCAo0 led to
larger infarct volumes in mice anaesthetized with chloral hydrate. In this model, 3-AB is
neuroprotective suggesting a deleterious role of PARP in cerebral ischemia. By contrast, 3-
AB failed to reduce the infarct volume in ketamine+xylazine anaesthetized mice although it
completely blocked PARP activation. Thus anesthesia altered the role of PARP in cerebral
ischemia. References: 1.Couturier J, Ding-Zhou L, Croci N, Plotkine M, Margaill 1 (2003) 3-
Aminobenzamide reduces brain infarction and neutrophil infiltration after transient focal
cerebral ischemia in mice. Exp Neurol 184: 973-980 2. Virag L, Szabo C (2002) The
therapeutic potential of poly(ADP-ribose) polymerase inhibitors. Pharmacol Rev. 54: 375-
429.
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TEMPORARY CEREBRAL ISCHAEMIA UPREGULATES THE 5-HT(1) RECEPTOR
IN THE MIDDLE CERERAL ARTERY

Jacob Hansen-Schwartz" 2, Flemming F. Johansen?, Lars Edvinsson?

'Department of Experimental Research, Glostrup University Hospital, Glostrup, Denmark
?Institute of Molecular Pathology, University of Copenhagen, Copenhagen, Denmark
*Department of Internal Medicine, University of Lund, Lund, Sweden

Stroke gives rise to an immediately infarcted area surrounded by an area of critically perfused
neural tissue (‘area at risk’); the fate of this tissue being dependent on increased perfusion
subacutely. Using experimental temporary occlusion of the middle cerebral artery (MCA) in
the rat we studied the possible upregulation of the 5-HT(1) receptor in the MCA.Experimental
stroke: The MCA of an anaesthetised rat was exposed and temporarily occluded with a hook
for 120 mins. Afterwards the rat was revitalised.In vitro pharmacological examination: After
two days the rat was killed and the MCA's were harvested and suspended on wires for
measurement of contractile properties. Selective 5-HT(1) agonists and antagonists were used
to study contractile responses.Contractile responses to 5-HT(1) stimulation were clearly
enhanced after stroke (compared to the contralateral MCA). This receptor upregulation
implies an increased sensitivity towards the endogenous agonist 5-hydroxytryptamine. It has
earlier been shown that temporary occlusion leads to upregulation of a contractile ET(B)
receptor. The combined upregulation of contractile receptors may further reduce the blood
supply to the area at risk, thus, increasing the infarct size with subsequent increased
neurological disability. Fig. 1: Concentration-contraction curves showing the effect of the 5-
HT1 receptor agonist 5-Carboxamidotryptamine (5-CT) on isolated middle cerbral artery
(MCA) segments from a rat model of temporary MCA occlusion. In the ipsilateral MCA
(MCAI), i.e. the MCA subjected to occlusion, there is an enhanced response to 5-CT
compared to the contralateral side (MCAC). Fig. 2: Concentration-contraction curve showing
the effect of the ETB receptor agonist Sarafotxin 6¢ (S6¢). This confirms the findings of
Stenman et al (Stroke 2002) showing a contractile repons in the MCA. (see fig. 1), not noted
in MCAc. In addition we found a spatial relationship with a marked upregulation in the
segment adjacent to the site of occlusion (MCAI/dist) compared to the segment closer to the
circle of Willis (MCAI/prox).
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MECHANISMS OF NEUROPROTECTION BY ACETYL-L-CARNITINE
Nina J. Solenski', Gary M. Fiskum®, Santina A. Zanelli*, Robert E. Rosenthal®

'Department of Neurology, University of Virginia, Charlottesville, VA, USA
*Trauma Center, Department of Surgery, University of Maryland, Baltimore, MD, USA
*Department of Anesthesiology, University of Maryland, Baltimore, MD, USA
*Department of Pediatrics, University of Virginia, Charlottesville, VA, USA

Background: Acetyl-L-carnitine (ALCAR) is neuroprotective in animal models of focal and
global cerebral ischemia. Several mechanisms of action have been proposed, including 1)
oxidative metabolism of the acetyl group of ALCAR to compensate for impaired pyruvate
dehydrogenase activity, 2) stimulation of cerebral blood flow and, 3) direct antagonism of
glutamate excitotoxicity. This study tested each of these hypotheses using a combination of
an in vivo model of ischemic brain injury and an in vitro model of excitotoxic neuronal death.
Methods: A canine model of 10 min ventricular fibrillation cardiac arrest followed by open
chest CPR and electrical defibrillation was used as a clinically relevant model of global
cerebral ischemia and reperfusion. Animals were either administered ALCAR at 100 mg/kg
i.v. or the drug vehicle (buffered sodium bicarbonate) immediately after restoration of
spontaneous blood flow. Relative cerebral blood flow velocity was monitored prior, during
and following the cardiac arrest with an Oxford Optronix Oxy Flo laser Doppler probe
inserted approximately 0.5 cm deep into the right frontal cortex. Glucose utilization and
lactate production was measured in cortical tissue slices taken from vehicle-treated animals
prior to cardiac arrest and at 2 hr reperfusion. Slices in suspension were incubated for 60 min
at 370 in the absence and presence of 1 mM ALCAR. Initial and final glucose and lactate
concentrations were determined spectrophotometrically.The in vitro model of excitotoxicity
consisted of exposing primary cultures of rat cortical neurons (10-15 day in vitro) to 100 uM
NMDA for 30 min then measuring cell death using the calcein-AM/propidium iodide
(live/dead) assay immediately following exposure to NMDA in the absence and presence of 1
mM ALCAR. Results: Consistent with other measures of CBF, the laser Doppler probe
qualitative measurements of blood flow velocity after cardiac arrest and resuscitation
demonstrate an initial period of hyperemia lasting 15-30 min followed by a period of
hypoperfusion that continues over the 2 hr experimental period. This period of hypoperfusion
was much shorter (<30 min) in animals treated with ALCAR. In the metabolic measurements,
exposure of cortical slices from 2 hr reperfused animals to ALCAR in vitro significantly
reduced the rate of glucose utilization and tended to reduce lactate formation. Exposure of
cortical neurons to NMDA for 30 min resulted in a significant, greater than 50% acute cell
death that was completely blocked by the presence of 1 mM ALCAR. Conclusions: 1.
ALCAR improves postischemic CBF; however, the hypoperfusion associated with this model
is likely not the primary determinant of neuronal cell death and neurologic impairment. 2. The
inhibition of brain tissue glucose utilization and lactate formation by ALCAR in vitro is
consistent with its ability to be oxidatively metabolized both in vitro and in vivo. ALCAR
protects against acute excitotoxic neuronal death, suggesting a distinctly different mechanism
of action involving either the NMDA receptor or downstream events such as mitochondrial
calcium overload or secondary neuronal calcium influx through other channels.
Acknowledgments: This work was supported by NIH P01 HD16596 and by Sigma-Tau
Research, Inc.
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VELCADE®, A FIRST-IN-CLASS PROTEASOME INHIBITOR, IS EFFICACIOUS IN
RAT PERMANENT MIDDLE CEREBRAL ARTERY OCCLUSION

Nancy E. Stagliano®, JingMei Ren?, William Riordan®, Seth P. Finklestein?

Millennium Pharmaceuticals, Inc., Cambridge, MA, USA
ZBjotrofix, Inc., Needham, MA, USA

Background and Introduction: Although a variety of agents targeting a single mechanism
have been studied as stroke therapies, the majority of these have failed. Many reasons can be
attributed to the lack of successes, both pre-clinically and clinically, but one likely cause is
the redundancy of pathways in the brain that lead to neuronal death. Novel therapies are
clearly needed to overcome the multitude of cell death processes rapidly activated after
cerebral ischemia. VELCADE® is a first-in-class, novel proteasome inhibitor which is
approved for the treatment of relapsed, refractory multiple myeloma. Its specific target is the
26s proteasome. Proteasomes are highly conserved multicatalytic enzyme complexes which
are essential for the ubiquitin-dependent proteolysis of the majority of cellular proteins. By
targeting the proteasome, a host of cellular effects are possible and the balance of these results
in different phenotypes, depending on the cellular milieu. In rodent models of ischemia, there
is an emerging body of evidence suggesting beneficial effects of proteasome inhibition (1).
Possible mechanisms of this protection include decreased NF-kB activation, upregulation of
eNOS and HIFlalpha and decreases in inflammation. Methods: In the setting of stroke, we
evaluated the effect of proteasome inhibition with VELCADE® on a rat model of permanent
middle cerebral artery occlusion (MCAO) using the intraluminal suture method. Male Wistar
rats (n=10 per group) were treated with saline or VELCADE®, given as an i.v. bolus (0.2
mg/kg) one hour post-occlusion. Whole blood samples were drawn one hour after drug or
vehicle injection for the determination of blood proteasome inhibition using an ex vivo
fluorogenic pharmacodynamic assay (2). At 24h after ischemia, rats were assessed for
neurologic dysfunction using a Neurological Rating Scale Score (NRSS). Rats were then
sacrificed and brains were extracted for TTC staining and quantification of infarcts. Data are
expressed as mean+SE and were analyzed using a paired t-test. Results and Conclusions: A
single dose of VELCADE® given 1h post-MCAO, resulted in a 40% decrease in infarct
volume (% infarction: 35.9+2.6 vs. 21.7+5.0; p<0.05) and a 38% decrease in neurologic
deficits (NRSS: 2.6+0.163 vs. 1.625+0.183; p<0.01). There was no difference in body weight
between the two groups. The functional and histopathologic protection was accompanied by a
67% inhibition of whole blood proteasome activity, a level of inhibition which is commonly
achieved in cancer patients in the clinic (3). Additional infarct volume and behavioral data
will be presented assessing the dose-response of VELCADE® at 1h post-stroke. Our study
suggests that proteasome inhibition is beneficial in rat ischemic injury and that blocking
ubiquitin-dependent proteolysis may be desirable in the acute setting following a stroke.
References: 1. Wojcik C, Di Napoli M. Ubiquitin-proteasome system and proteasome
inhibition: new strategies in stroke therapy. 2004 Stroke 35:1506-18. 2. Lightcap, ES,
McCormack, TA, Pien, CS et al., Proteasome inhibition measurements : Clinical application.
2000 Clinical Chemistry 46 : 673-683. 3. Orlowski, RZ, Stinchcombe, TE, Mitchell, BS et al.,
Phase | trial of the proteasome inhibitor PS-341 in patients with refractory hematologic
malignancies. 2002 Journal of Clinical Oncology 20: 4420-4427.
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INCREASED ACTIVATION OF NF-KB AND ERK1/2 AFTER PERMANENT FOCAL
ISCHEMIA IS ABOLISHED BY SIMVASTATIN PRE-TREATMENT

Mauro Cimino?, Cristina Banfi2, Maura Brioschi?, Paolo Gelosa?, Elena Nobili?,
Anita Gianella?, Elena Tremoli?, Luigi Sironi®

YInstitute of Pharmacology and Pharmacognosy, University of Urbino, Urbino, Italy
Department of Pharmacological Sciences, University of Milano, Milan, Italy

The role of inflammation in ischemic brain damage has been reported in human and in
different animal models of stroke. Since statins (3-hydroxy-3-methylglutaril (HMG)-
coenzymeA (CoA) reductase inhibitors), besides their lipid lowering action, exert also anti-
inflammatory activity we sought to investigate the effect of simvastatin treatment on the
expression of interleukin-1beta (IL-1beta), monocyte chemoattractant protein-1 (MCP-1),
NF-kB activity and on signaling pathways related with NF-kB activation in a rat model of
permanent middle cerebral artery occlusion (pMCAO). Unilateral pMCAO was carried out in
anesthetized Sprague-Dawley rats using a microbipolar coagulator to permanently occlude the
right middle cerebral artery. Expression of IL-1beta and MCP-1 was determined in cerebral
cortex using RT-PCR. NF-kB DNA binding activity was assessed with Trans-AM NF-kB p65
transcription factor assay kit using cortical nuclear extracts. Binding of NF-kB to DNA was
visualized by anti-p65 antibody that specifically recognizes activated NF-kB. MAP kinases
were revealed by immunoblotting. Intravenous administration of a specific MEK
(MAPK/ERK kinase) inhibitor, U0126 (150 mg/kg), was used to evaluate the causal
relationship between anti-inflammatory actions and the neuroprotective activity. Expression
of IL-1b and MCP-1 was enhanced by pMCAO and this effect was inhibited by
administration of simvastatin before ischemia. We then investigated the ability of NF-kB p65
subunit to bind DNA at different time after pMCAO. The cerebral cortex ipsilateral to the
occlusion displayed an increase in binding activity which reached its peak 16 hours after the
ischemic insult. In order to determine whether simvastatin could interfere with pMCAO-
induced activation of NF-kB, animals were treated for 3 days with 20 mg/kg of statin before
permanent occlusion of the artery or 2 hours after pMCAO. Pre-treatment with simvastatin
abolished the activation of NF-kB observed in vehicle-treated animals. In contrast, an acute
administration of the drug, after induction of permanent ischemia, did not show any inhibitory
effect on NF-kB activation. The effect of simvastatin was specific for NF-kB since other
transcription factors such as Jun, Fos and NF-YA were not affected by the treatments.
Following the same schedule of treatment, we have also evaluated the modulation of different
signal transduction pathways such as ERK 1/2, SAPK/INK 46/54 and p38. Under our
experimental conditions, only the expression of ERK1/2 was enhanced by ischemia and this
activation was prevented by prophylactic, but not post-ischemic, administration of
simvastatin. Administration of U0126, after pMCAOQ, reduced the ischemic damage, inhibited
NF-kB activation and reduced the activation of inflammatory markers. These results provide
evidence for the role of simvastatin in the protection of ischemic brain damage and suggests
that this effect is mediated by inhibition of ERK1/2 pathway.
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UPREGULATION OF CONTRACTILE ETB RECEPTORS IN MIDDLE CEREBRAL
ARTERIES IS DEPENDENT ON PKC

Marie Henriksson, Emelie Stenman, Lars Edvinsson

Department of Medicine, Division of Experimental Vascular Research, Lund University,
Lund, Sweden

Introduction: This study is designed to examine the involvement of protein kinase C (PKC) in
the upregulation of endothelin type B receptors (ETB) induced by organ culture of rat middle
cerebral arteries (MCA). In previous studies we have shown that contractile ETB receptors
are upregulated after organ culture and that this upregulation is dependent on the MAP
kinases ERK1/2 and possibly PKC. The results in the present study confirm the importance of
PKC on both functional and transcriptional levels. Methods: To measure the contractile ETB
receptor mediated responses, middle cerebral arteries from male Wistar rats were incubated
for 24 hours at 37 C in humidified 5% CO2 and air in Dulbecco’s modified Eagle’s medium.
Before incubation, the PKC inhibitors bisindolylmaleimide 1 (10uM), Ro-32-0432 (10uM) or
PKC inhibitor 20-28 (0.1 mM) were added to the medium. Segments of the vessels were
thereafter mounted in myographs and the contractile response to sarafotoxin (S6c; ETB
receptor agonist) was measured. Concentration-response curves for S6¢ were obtained by
cumulative application (10-12-10-6.5 M) and the contractile responses were calculated as
percentage of the contractile capacity of 63.5 mM K+. As control, we used vessel segments
that were incubated in Dulbecco’s modified Eagle’s medium for 24 hours without inhibitors.
To measure the ETB mRNA levels in the vessels, we used real-time PCR. MCAs were
incubated in the same manner as for the contractile experiments. Total RNA was extracted
and reverse transcribed to cDNA. Primer pairs for genes of interest were designed and the
MRNA levels of the genes were compared to an internal standard. Statistical analyses were
performed with Kruskal-Wallis test and p<0.05 was considered significant. The results are
expressed as mean + SEM. Results: The three inhibitors each inhibited the sarafotoxin
induced contraction as compared to control (Fig.1; Emax [maximal contraction] = 71 % + 11
% for bisindolylmaleimide I, 47 % + 10 % for PKC inhibitor 20-28, 6 % = 5 % for Ro-32-
0432 and 132 % £ 3 % for control vessels, p< 0.05). In the real-time PCR experiments, the
effect of R0-32-0432 and bisindolylmaleimide on the ETB receptor mRNA levels was
evaluated. Both inhibitors decreased the ETB receptor mRNA levels, although for
bisindolylmaleimide 1, it was not significant (0.117 + 0.009 for control, 0.043 + 0.004 for
bisindolylmaleimide 1 and 0.033 + 0.002 for Ro-32-0432 as compared to an internal standard.
p< 0.01 for Ro-32-0432). Conclusions: These findings confirm that PKC is involved in the
upregulation of ETB receptors after organ culture. A similar vascular alteration has been
shown in an experimental model of ischemia, where the upregulation may lead to decreased
perfusion in the ischemic hemisphere. The next step will therefore be to inhibit the ETB
receptor upregulation in experimental cerebral ischemia, by adding inhibitors to PKC and
ERK1/2.

Figure 1.
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NEUROPROTECTIVE EFFECT OF STAZN IN FOCAL CEREBRAL ISCHEMIA: A
THERAPEUTIC-WINDOW STUDY

Ludmila Belayev', Larissa Khoutorova®, Alexey Vigdorchik®, Jim J. Ley', David A. Becker?,
Weizhao Zhao', Raul Busto®, Myron D. Ginsberg*

1Department of Neurology, University of Miami School of Medicine, Miami, FL, USA
Department of Chemistry, Florida International University, Miami, FL, USA

Background: Stilbazulenyl nitrone (STAZN) is a second-generation azulenyl nitrone with
markedly enhanced antioxidant properties compared to conventional alpha-phenyl nitrones
such as the experimental stroke drug NXY-059.1 We have recently shown that STAZN
therapy confers marked neurological and histological protection in cerebral ischemia and
brain trauma in rats.2,3 The purpose of this study was to define its therapeutic window in
focal cerebral ischemia. Methods: Male Sprague-Dawley rats (280-359g) were anesthetized
with halothane and subjected to 2 h of transient MCAo by retrograde insertion of an
intraluminal nylon suture coated with poly-L-lysine.4 Heating lamps were used to maintain
rectal and temporalis muscle temperatures at 37.0 to 37.8 C. The drug (STAZN, 0.6 mg/kg)
was administered at 2 and 4h (n=11), 3 and 5h (n=10), 4 and 6h (n=10) or 5 and 7h (n=7)
after onset of stroke (i.e., 0 to 5 h after onset of reperfusion). Control rats received vehicle
(DMSO; n=6) at 3 and 5 h. Additional doses were given at 24 and 48h. Neurological status
was evaluated during MCAO, at 1, 24, 48 and 72h; a grading scale of 0-12 was employed, as
previously described.4 72 hours after MCAo, brains were perfusion-fixed and infarct volumes
and brain swelling were determined.4 Results: Rectal and cranial temperatures, blood
pressure, plasma glucose and blood gases in the 44 animals of this study showed no
significant differences between groups. STAZN significantly reduced the neurobehavioral
deficit in all treated groups compared to the DMSO group (Fig. 1). Treatment with STAZN
also significantly reduced total infarct volume (Fig. 2) and cortical and subcortical infarction
at multiple levels, when administered at 2 and 4h and 3 and 5h compared to the DMSO group.
When administration of STAZN was delayed to 4-5h after onset of MCAo, histological
protection was lost. Brain edema was not affected by STAZN. Conclusions: These results
strongly support the beneficial effect of STAZN therapy in transient focal ischemia when
administered up to 5 hours after onset of the MCAO0, and support its possible utility in treating
patients with acute ischemic stroke. Supported by NIH Grants NS46294 and NS05820.
1Becker DA et al (2002), J. Am. Chem. Soc., 124: 4678-4684. 2Ginsberg MD et al (2003)
Annals of Neurology, 54: 330-342. 3Belayev L, et al, (2002) J. Neurosurgery, 96, 1077-1083.
4Belayev L et al (1996) Stroke, 27:1616-1623.
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TWO SODIUM/CALCIUM EXCHANGER GENE PRODUCTS, NCX1 AND NCX3,
PLAY A MAJOR ROLE IN THE DEVELOPMENT OF PERMANENT FOCAL
CEREBRAL ISCHEMIA

Giuseppe Pignataro, Rosaria Gala, Ornella Cuomo, Anna Tortiglione, Lucia Giaccio,
Pasqualina Castaldo, Rossana Sirabella, Carmela Matrone, Adriana Canitano,
Salvatore Amoroso, Gianfranco Di Renzo, Lucio Annunziato

Dipartimento di Neuroscienze, Universita' 'Federico II' Napoli, Naples, Italy

In the brain, there are 3 different genes, ncxl, ncx2, ncx3, coding for 3 different proteins:
NCX1, NCX2, and NCX3 [1]. These proteins are neuronal plasmamembrane exchangers,
which, by mediating Ca2+ and Na+ fluxes in a bidirectional way across the synaptic plasma
membrane, may play a relevant role in brain ischemia, in which the homeostasis of these ions
is altered [2]. Previous studies showed that the compromission of NCX activity may be
detrimental in the development of cerebral injury induced by permanent middle cerebral
artery occlusion (pMCAO) [3]. The aim of this study was to determine whether the different
isoforms of NCX might play a differential role in cerebral ischemia. NCX1, NCX2, and
NCX3 protein expression was evaluated, by Western blotting, in the ischemic core and in the
remaining ipsilateral non-ischemic area of the affected hemisphere at different time intervals
starting from ischemia induction. The role of the three isoforms was also assessed by
knocking out each of them with specific antisense oligodeoxynucleotides (ODNSs). These
ODNs were continuously intracerebroventricularly infused by an osmotic minipump (1
microliter/n) for 48 hours, starting from 24 hours before pMCAO. The results showed that,
after pMCAO, in the ischemic core all three NCX proteins were downregulated, although
NCX2 was only halved; in the peri-infarctual area only NCX3 decreased, whereas NCX1 and
NCX2 were unchanged. The ODNs for NCX1 and NCX3 gene products increased the extent
of ischemic lesion and worsened neurological scores, whereas the NCX2 ODN did not change
the extent of ischemia and the neurological outcome. The results of this study suggest that in
the neuroprotective effect exerted by NCX during ischemic injury, the major role is
prevalently exerted by NCX1 and NCX3 gene products [4]. Therefore, the use of substances
able to activate these two isoforms specifically could represent an important perspective in the
future treatment of cerebral ischemia. ACKNOWLEDGMENTS This work was supported by
MIUR-Cofin 2002, FIRB 2002RBNEO1E7YX_007 (to L.A.), and Regione Campania (POP
andLegge 41; to LA). REFERENCES [1] Papa M, Canitano A, Boscia F, Castaldo P, Sellitti
S, Porzig H, Taglialatela M and Annunziato L (2003) Differential _expression of the Na+-
Ca2+ exchanger transcripts and proteins in rat brain regions. J Comp Neurol. 461: 31-48. [2]
Annunziato L, Pignataro G, Di Renzo GF (2004) Pharmacology of brain Na+/Ca2+
exchanger: from molecular biology to therapeutic perspectives. Pharmacol Rev.; 56:633-54
[3] Pignataro G, Tortiglione A, Scorziello A, Giaccio L, Secondo A, Severino B, Santagada
V, Caliendo G, Amoroso S, Di Renzo GF and Annunziato L (2004) Evidence for a protective
role played by the Na+/Ca2+ exchanger in cerebral ischemia induced by middle cerebral
artery occlusion in male rats. Neuropharmacology 46:439-448. [4] Pignataro G, Gala R,
Cuomo O, Tortiglione A, Giaccio L, Castaldo P, Sirabella R, Matrone C, Canitano A,
Amoroso S, Di Renzo GF and Annunziato L (2004) Two sodium/calcium exchanger gene
products, NCX1 and NCX3, play a major role in the development of permanent focal cerebral
ischemia. Stroke 35:2566-70.
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NORMOXIC RESUSCITATION AFTER CARDIAC ARREST PROTECTS AGAINST
HIPPOCAMPAL OXIDATIVE STRESS, METABOLIC FAILURE, AND NEURONAL
DEATH

Robert E. Rosenthal™?, Viktoria Vereczki?, Erica M. Martin?, Gary Fiskum?

'Department of Surgery, Program In Trauma, University of Maryland School of Medicine,
Baltimore, MD, USA
Department of Anesthesiology, University of Maryland School of Medicine, Baltimore, MD,
USA

Background: Animal models of global cerebral ischemia and reperfusion indicate that
neurologic outcome is improved using normoxic compared to hyperoxic resuscitation;
however the molecular basis for this improvement is unknown. This study tested the
hypothesis that normoxic ventilation (21% 02) during the first hour after 10 min cardiac
arrest in dogs protects against oxidative protein tyrosine nitration and loss of the critical
metabolic enzyme complex pyruvate dehydrogenase (PDHC) in the hippocampus, an area
selectively vulnerable to delayed neuronal cell death. The study also tested the hypothesis that
normoxic resuscitation also improves oxidative cerebral energy metabolism early during
reperfusion and protects against delayed neuronal cell death. Methods: Chloralose-
anesthetized adult beagles underwent 10 min ventricular fibrillation cardiac arrest, followed
by electrical defibrillation and ventilation with either 21% or 100% O2. At 1 hr post-
resuscitation, the ventilator was adjusted to maintain normal blood gas levels in both groups.
Brains were perfusion-fixed at 2 hr reperfusion and used for semi-quantitative
immunohistochemical measurements of nitrotyrosine and pyruvate dehydrogenase (E1 alpha
subunit). In other animals, mitochondria were isolated from the hippocampi of unfixed brains.
Pyruvate dehydrogenase activity was measured spectrophotometrically and pyruvate-
dependent mitochondrial respiration measured polarographically. Other animals were
provided with constant critical care for 24 hr, then perfusion fixed for quantitative
neuropathology using stereologic analysis of hippocampal neuronal cell death based on
morphological changes apparent with cresyl violet stained tissue. Results: In hyperoxic
ventilated dogs, E1 alpha immunostaining diminished by approximately 90% in CA1, CA3,
and dentate gyrus compared to sham-operated dogs, while neuronal PDHC staining in
normoxic animals was not significantly different from non-ischemic dogs. Protein nitration in
hippocampal pyramidal neurons of hyperoxic animals was 2-3 times greater than either sham-
operated or normoxic resuscitated animals at 2 hr reperfusion. In 2 hr hyperoxic animals,
hippocampal mitochondrial PDHC enzyme activity was 35% less, and ADP-stimulated
respiration was 50% less than non-ischemic controls, whereas these activities in normoxic
animals were not significantly different from controls. Stereologic quantification of neuronal
death at 24 hr reperfusion demonstrated a significant reduction in the percentage of dying
neurons % s.d. using normoxic compared to hyperoxic resuscitation (CA1: 32 £ 8% vs. 48 * 2;
CA3: 27 £ 6% vs. 49 + 3%; p<0.05). Conclusions: These results indicate that postischemic
hyperoxic ventilation promotes oxidative stress that exacerbates prelethal loss of pyruvate
dehydrogenase, respiratory dysfunction, and delayed hippocampal neuronal cell death.
Moreover, these findings indicate the need for clinical trials comparing the effects of low and
high ventilatory oxygen levels on neurologic outcome after cardiac arrest. Supported by
grants NIH RO1INS34152 and UO1NS49425 References: 1) Liu Y, Rosenthal RE, Haywood
Y, Miljkovic-Lolic M, Vanderhoek JY, Fiskum G. Normoxic ventilation after cardiac arrest
reduces oxidation of brain lipids and improves neurologic outcome. Stroke 1998;2:1679-86.
2) Martin E, Rosenthal RE, Fiskum G. Pyruvate dehydrogenase complex: Metabolic link to
ischemic brain injury and target of oxidative stress. J Neurosci Res 2005;79:240-7.
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DEFEROXAMINE REDUCES CSF FREE IRON LEVELS FOLLOWING
INTRACEREBRAL HEMORRHAGE IN RATS

Shu Wan', Guohua Xi, Richard Keep, Julian Hoff, Ya Hua
Department of Neurosurgery, University of Michigan, Ann Arbor, MI, USA

Introduction: Iron is essential for normal brain function, but iron overload may have
devastating effects. It has been reported that iron overload contributes to many kinds of brain
injury including Alzheimer’s disease and Parkinson’s disease. Our previous studies have
found that brain iron overload occurs after intracerebral hemorrhage (ICH) [1] and an iron
chelator, deferoxamine, attenuates perihematomal brain edema and oxidative stress [2]. The
present study investigated whether deferoxamine reduces free iron levels in the CSF
following ICH. Methods: Under pentobarbital anesthesia (50 mg/kg, i.p.), a total of 70 male
Sprague-Dawley rats received an intracerebral infusion of 100-pl autologous whole blood
into the right basal ganglia. Rats were treated with deferoxamine (100 mg/kg, i.p.,
administered 2 hour after ICH and then at 12-hour intervals for up to 7 days) or vehicle, and
were killed at 1, 3, 7, 14 and 28 days for free and total iron measurements. Behavioral tests
including forelimb placing test, forelimb use asymmetry test and corner turn test were
preformed. Results: Free iron levels in normal CSF were very low in the rat. After ICH, free
iron levels in CSF were increased significantly at the first day (8.5 £ 1.3 uM, mean + S.D.)
and peaked at the third day (14.2 + 5.0 uM). CSF free iron remained at high levels for at least
28 days (6.2 £ 1.1 uM). Deferoxamine given 2 hours after ICH reduced free iron in CSF at all
time points (e.g. day 3: 6.7 £ 2.0 uM vs. 14.2 £ 5.0 uM in the vehicle-treated group, p < 0.05)
and reduced ICH-induced neurological deficits (p < 0.05). The levels of brain total iron were
also increased after ICH (p < 0.05). However, deferoxamine failed to reduce brain total iron
levels in the ipsilateral hemisphere (p > 0.05). Conclusions: ICH results in iron accumulation
in the brain. CSF free iron levels are high and are not cleared at least for 28 days after ICH.
Deferoxamine reduces free iron levels and improves functional outcomes in the rat ICH
model indicating that it may be a potential therapeutic agent for ICH patients. References: [1]
Wu J, Hua Y, Keep RF, Nakamura T, Hoff JT, Xi G. Iron and iron handling proteins in the
brain after intracerebral hemorrhage. Stroke 34:2964-2969 (2003) [2] Nakamura T, Keep RF,
Hua Y, Schallert T, Hoff JT, Xi G. Deferoxamine-induced attenuation of brain edema and
neurological deficits in a rat model of intracerebral hemorrhage. J Neurosurg. 100:672-678
(2004) Supported by NIH NS 17760, NS 39866, NS 47245 and AHA 0435354Z.
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EFFECT OF ERYTHROPOIETIN ON NEONATAL HYPOXIA-ISCHEMIA
ENCEPHALOPATHY

Changlian Zhu?, Wenging Kang?, Xiaoyang Wang", Hong Xiong?, Xiuyong Cheng®

'Department of Pediatrics, The Third Affiliated Hospital, Zhengzhou University, Zhengzhou,
China
Department of Pediatrics, Zhengzhou Children's Hospital, Zhengzhou, China

Objective: The neuroprotective effect of erythropoietin has been proven in several brain
injury models. It has not been evaluated in the neonatal hypoxia-ischemia encephalopathy
(HIE). The purpose of this study was to evaluate the clinical effect of erythropoietin on
neonatal HIE by systemic injection.

Methods: Fifty-eight asphyxiated newborns were enrolled this study in our neonatal section
who fulfilled the criteria of moderate to severe HIE, with the exception of gestation age <37
week’s, body weight <2.5 kg, severe congenital abnormities and hemorrhage. The infants
were randomized to either EPO-treated group with the dosage of 300 U/kg/time or control
group without EPO treatment. The recombinant human erythropoietin (r-hu-EPO) was
injected intravenously for each other day with 3 times each week for 2 weeks. The supportive
care was same among the groups. The short-term effect of EPO was evaluated by Neonatal
Behavioral Neurological Assessment (NBNA) on day 7, 14 and 28. The long-term effect was
evaluated by measuring neurodevelopment quote on 3 and 6 months of age.

Results: There were 29 cases in EPO-treated group and 29 cases in control group. There were
no differences in gestation age, birth weight, sex and clinical symptoms between two groups
(P>0.05). The scoring of NBNA showed a significant difference between EPO treated groups
and control group (P<0.05). The DQ scores at the 3" and 6™ month in low dose EPO-treated
group (89.17£7.11, 90.85+9.14) were significantly higher than that of control
group(77.38+10.97, 78.92+11.24) (P<0.05).

Conclusion: EPO treatment could promote neurological recovery, improve long-term
neurobehavioral development.
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PERIPHERAL ADMINISTRATION OF INTERLEUKIN-1 RECEPTOR
ANTAGONIST (IL-1RA) REDUCES ISCHAEMIC BRAIN DAMAGE IN THE RAT

Simon R. Clark, Allan Stuart, Rothwell J. Nancy

Faculty of Life Sciences, University of Manchester, Manchester, UK

Introduction Pro-inflammatory cytokines such as interleukin-1 (IL-1) have been strongly
implicated in the pathogenesis of ischaemic brain damage. After all forms of cerebral
ischemia the expression of IL-1 is rapidly up-regulated. Furthermore, exogenous IL-1, given
via the intracerebroventricular (icv) route, has been shown to markedly increase ischaemic
brain damage. In contrast, the naturally occurring IL-1 receptor antagonist (IL-1ra), which
binds to the IL-1R1 and blocks actions of IL-1, has been shown to be effective in reducing
lesion volume when given either directly into the brain parenchyma or icvl. Clinically, it is
not feasible to deliver IL-1ra directly into the brain of patients suffering brain ischemia.
However, some clinical studies have shown that peripherally administered IL-1ra does indeed
cross the blood brain barrier in patients suffering from subarachnoid haemorrhage, which
likely involves cytokines in the pathogenesis of the cerebral ischaemia that develops2. To
date such studies have been too small to show efficacy and the aim of this study therefore was
to examine the efficacy of intravenous IL-1ra on ischaemic brain damage in rodents. Methods
Experiments were performed on Sprague-Dawley rats (310-380g). Cerebral ischaemia was
induced in anaesthetised rats according to the intraluminal filament occlusion model3.
Briefly, the right carotid artery and its branches were exposed. A monofilament was advanced
until resistance was felt at around 20mm, to block the origin of the right middle cerebral
artery. After 90 minutes, the filament was withdrawn to allow reperfusion. Immediately prior
to induction of ischaemia, a bolus of 10mg of IL-1ra was given via an external jugular
cannula and an osmotic minipump (8ul/hr- to deliver 0.8mg/h for 24h) filled with IL-1ra
(200mg/ml) was connected to the tubing. Controls received identical volumes of NaCl
(0.9%). After 24h of IL-1ra infusion, animals were sacrificed. Brains were removed,
processed and infarct volumes calculated using an image analysis program, the final volumes
being adjusted for oedema. Groups were compared using an unpaired students T-test. Results
Intravenous delivery of IL-1ra for a period of 24h after the onset of middle cerebral artery
occlusion resulted in a significant decrease in both total (313+9mm3 vs. 216+92mm3 p<0.05)
and cortical (229£18mm3 vs. 140+78mm3 p<0.05) lesion volumes. The subcortical lesion
was not affected by IL-1ra treatment (85£17mm3 vs. 86+22mm3 p>0.05). Conclusion IL-1ra
reduces ischaemic damage as measured by lesion volumes after transient MCAO when given
intravenously. Further work will determine plasma levels and corresponding CSF levels of
IL-1ra required for neuroprotection, in support of pharmacokinetic data in subarachnoid
haemorrhage patients. This is further evidence to support the use of IL-1ra in the clinical
setting as a neuroprotective agent. References 1. Rothwell, N. Brain, Behaviour and
Immunity 17, 152-157 (2003). 2. Dumont, A. S. et al. Neurosurgery 53, 123-133 (2003). 3.
Zea Longa, EL et al. Stroke 20, 84-91 (1989).

*p<0.05 Students t-test.

& 3004 % ”

£ 2501 ':LE [ Control
L]

£ B Lin
_g 1504

5 1001 ¥
Q

2 5

3

TOTAL CORTICAL  SUBCORTICAL






47

PLASMA KALLIKREIN INHIBITOR DX-88 PROTECTS AGAINST BRAIN
ISCHEMIA/REPERFUSION INJURY

Emanuela Rossi?, Claudio Storini*, Diana Maiocchi?, Maria Grazia De Simoni,
Luigi Bergamaschini®

"Mario Negri Institute, Neuroscience Department, Milan, Italy
’Department of Internal Medicine, Geriatric Unit, University of Milan, Ospedale Maggiore
IRCCS, Milan, Italy

We have investigated the involvement of the kinin system in ischemia/reperfusion brain
injury in mice by using the new specific plasma kallikrein inhibitor DX-88 (Dyax Corp.,
Cambridge, MA). We first analysed whether DX-88 was able to cross the blood-brain barrier
and found that thirty minutes after treatment with 30pg/mouse iv, a marked inhibitory activity
was present in cerebrospinal fluid. Ischemia was induced by occlusion of the middle cerebral
artery, using a 6-0 monofilament. At the end of the 30 min ischemic period, the filament was
removed and reperfusion allowed. Mice received DX-88 iv at the beginning of the ischemic
period or at the end of it (ie at reperfusion), or 1h after the beginning of the ischemic period.
Twenty four hours after ischemia, neurological deficits and infarct size were evaluated. While
saline treated mice showed stable scores, those who received of DX-88 at the beginning of the
ischemic period had significantly reduced general (by 37.5%) and focal (by 50.0%) deficits
scores. In these mice the ischemic volume was also significantly reduced by 50.9%. When
given at reperfusion, DX-88 was similarly effective in improving general (by 38% ) and focal
(by 50.1% ) deficits scores as well as the ischemic volume that was reduced by 58%. The
inhibitor lost its neuroprotective action when administrated 1h after the beginning of the
ischemic period. This study shows that: i) this specific kallikrein inhibitor can rapidly cross
the intact blood-brain barrier and thus possibly reach brain tissue in its active form; ii) it has a
marked neuroprotective effect indicating an important role of kallikrein in brain
ischemia/reperfusion injury. This study was partially supported by Dyax Corp., Cambridge,
MA.
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C1-INHIBITOR PROTECTS AGAINST BRAIN ISCHEMIA/REPERFUSION INJURY
VIA INHIBITION OF CELL RECRUITMENT AND INFLAMMATION

Claudio Storini*, Emanuela Rossi?, Veronica Marrella’, Luigi Bergamaschini?,
MariaGrazia De Simoni*

"Mario Negri Institute, 2Department of Internal Medicine, Geriatric Unit, University of
Milan, Ospedale Maggiore IRCCS, Milan, Italy

C1l-inhibitor (C1-INH), a major inhibitor of complement and contact-kinin systems, is
neuroprotective in cerebral ischemia (1,2). Actually C1-INH induces a reduction of the
ischemic volume up to 73% and 90% in CD1 and C57 mice respectively. Furthermore C1-
INH is able to prevent neurodegeneration and significantly lowers general and focal
neurological deficits. These data showed that C1-INH has a potent neuroprotective effect in
ischemia/reperfusion injury. In order to clarify the mechanism of this action we evaluated in
the present study the expression of neurodegeneration and inflammation related factors in
CD1 mice, treated with C1-INH (15U) or saline and subjected to 2h of ischemia and 2 or 46h
of reperfusion. mMRNA expression was measured by RT-PCR in brain cortex. Ischemia was
induced by occlusion of the middle cerebral artery (MCAQ) using a nylon monofilament
introduced into the internal carotid artery and advanced so as to block the origin of the MCA.
At the end of the ischemic period, the filament was removed and reperfusion allowed. C1-
INH significantly dampened the mRNA expression of the adhesion molecules P-selectin and
ICAM-1 induced by the ischemic insult. These data has been confirmed by
immunohistochemistry analysis: C1-INH markedly inhibited the activation and/or recruitment
of microglia/macrophage, as well as the infiltration of leukocyte. It significantly decreased the
pro-inflammatory cytokine (TNFa, IL-18) and increased the protective cytokine (IL-6, 1L-10)
gene expression. C1-INH treatment prevented the decrease of NFH gene, a marker of cellular
integrity and counteracted the increase of pro-caspase 3, an apoptosis index. In conclusion,
C1-INH exerts an anti-inflammatory and anti-apoptotic action on ischemia/reperfusion injury.
Our present and past data support a major effect of C1-INH on cell recruitment from the
vasculature to the ischemic site. 1. De Simoni MG, Storini C, Barba M, Catapano L, Arabia
AM, Rossi E, Bergamaschini L. (2003) Neuroprotection by complement (C1)-inhibitor in
mouse transient brain ischemia. J Cereb Blood Flow Metab, 23: 232-239. 2. De Simoni M G,
Rossi E, Storini C, Pizzimenti S, Echart C, Bergamaschini L. (2004) The powerful
neuroprotective action of Cl-inhibitor on brain ischemia-reperfusion injury does not require
Clg. Am J Pathol., 164: 1857-1863.
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PEROXISOME PROLIFERATOR-ACTIVATED RECEPTOR ALPHA ACTIVATION
PROMOTES NEUROLOGICAL RECOVERY AND EXERTS ANTI-EDEMATOUS
EFFECT IN A MODEL OF TRAUMATIC BRAIN INJURY

Valerie C. Besson, Xiaoru R. Chen, Michel Plotkine, Catherine Marchand-Verrecchia

Laboratoire de Pharmacologie de la Circulation Cérébrale, UPRES EA2510, Faculté des
Sciences Pharmaceutiques et Biologiques, Paris, France

INTRODUCTION

The neuroinflammatory response following traumatic brain injury (TBI) leads to the
formation of edema, the production of cytokines, the induction of NOS2 and COX2,
the parenchyma infiltration by leukocytes [1,2] and a deleterious oxidative stress [3].
As it has been demonstrated that inflammatory markers and antioxidant enzymes
could be modulated by the activation of Peroxisome Proliferator-Activated Receptor
o (PPAR) [4], this led us to study the effect of fenofibrate, a PPARa agonist, on the
consequences caused by TBI.

MATERIALS

Male Sprague Dawley rats were randomised in five groups: non-operated (n=8),
sham-operated (n=8), TBI + vehicle (n=8), TBI + fenofibrate 50 mg/kg (n=8) and TBI
+ fenofibrate 100 mg/kg (n=8). TBI was induced by lateral fluid percussion of the
temporoparietal cortex [5]. Sham-operated rats underwent the same surgery except
for percussion. Rats were given fenofibrate (50 and 100 mg/kg) or its vehicle (water
containing 0.2% methylcellulose) by gavage 1h and 6h after TBI. A first neurological
evaluation was performed 6h post-TBI (score ranging from O=worst to 9=best). The
rats were then given the second administration of fenofibrate or its vehicle. The
second neurological evaluation was performed at 24h, then animals were killed for
brain edema determination. Brain edema was obtained with the brain water content
(BWC) measured by the wet weight/dry weight method [2].

RESULTS

Neurological scores of non-operated and sham-operated rats were not different. TBI
led to a decrease in the neurological score at 6h (6.0 + 0.5 vs 8.6 £ 0.4 for sham-
operated rats, P < 0.01) that persisted at 24h post-injury (5.1 £ 0.7, P < 0.001). Six
hours post-TBI, both doses of fenofibrate did not modify the neurological score (50
mg/kg: 6.4 + 0.9; 100 mg/kg: 6.6 + 0.7). Twenty-four hours post-injury, fenofibrate at
50 mg/kg improved the neurological score without reaching the statistical significance
(7.1 £ 0.7, P=0.09). At 100 mg/kg, we observed a significant increase of the score
demonstrating a neurological recovery (7.6 £ 0.5, P<0.05). The brain water contents
of non-operated and sham-operated were not different. TBI led to an increase of the
BWC (84.9 = 0.5 % vs 80.6 + 0.2 % for sham-operated rats, P<0.001) showing brain
edema formation, which is reduced by the two doses of fenofibrate (82.7 £ 0.8 %,
P < 0.05 and 83.3 £ 0.9 %, P < 0.05).

CONCLUSION

The present study shows that fenofibrate, a PPARa agonist, promotes neurological
recovery and exerts anti-edematous effect in the early phase after TBI. The activation
of receptor PPARa may be beneficial by counteracting the deleterious
neuroinflammatory response following TBI. This suggests that PPARa activation
could be a potential therapeutic strategy for TBI.

REFERENCES

[1] Ray S.K. et al. (2002). Histol. Histopathol., 17: 1137-1152. [2] Hellal F. et al.
(2004). Neurosci. Lett., 357: 21-24. [3] Mésenge C. et al. (1998). J. Pineal Res., 25:



41-46. [4] Chinetti G. et al. (2000). Inflamm. Res., 49: 497-505. [5] Besson V.C. et al.
(2003). Brain Res., 989: 58-66.
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EFFECT OF THREE INDUCIBLE NOS INHIBITORS ON CEREBRAL EDEMA
FORMATION AND NEUROLOGICAL DEFICIT IN A RAT MODEL OF
TRAUMATIC BRAIN INJURY

Gaélle Louin, Catherine Marchand-Verrecchia, Bruno Palmier, Michel Plotkine,
Mehrnaz Jafarian-Tehrani

Université René Descartes Laboratoire Pharmacologie EA, Paris, France

Introduction: The role of NO produced by inducible nitric oxide synthase (iNOS) following
traumatic brain injury (TBI) remains a subject of debate. Deletion of iNOS and treatment with
iNOS inhibitors could be either beneficial or detrimental suggesting a dual role for iNOS in
TBI 1-4. The aim of the present study was to clarify whether iNOS could be a therapeutic
target in TBI. Therefore, the effect of three INOS inhibitors was evaluated on cerebral edema
formation and functional outcome in a rat model of TBI. Methods: Fluid percussion brain
injury was performed on male Sprague-Dawley rat anesthetized with chloral hydrate (400
mg/kg, i.p.)3. In order to design an appropriate treatment protocol, kinetics of brain water
content (BWC) and neurological score were studied. In the first treatment protocol, a single
administration of vehicle (NaCl 0.9%) or iNOS inhibitor, aminoguanidine (AG) (100 mg/kg,
i.p.), L-N-iminoethyl-lysine (L-NIL) (20 ma/kg, i.p.), or N-[3-
(aminomethyl)benzyl]acetamide (1400W)(20 mg/kg, s.c.) was started at 6h post-TBI. In the
second treatment protocol, 1400W (20 mg/kg, s.c.) was administered at 5 min, 8 and 16h
post-TBI. Cerebral edema and neurological score were evaluated at 24h. Results: Trauma
caused a significant increase in BWC at 6h (81.8 + 0.6 %, vs 79.1 + 0.4 % in corresponding
sham-operated rats, P<0.001) and 24h (82.2 £ 0.9 % vs 79.9 = 0.1 %, P<0.01) following TBI.
The neurological score of naive rats was 9 and was reduced after TBI with a minimum at 24h
(4.5 £ 0.3, P<0.01). In the first treatment protocol, the neurological score was improved by
AG (6.4 £ 0.3 vs 5.6 = 0.3 in vehicle-treated rats, P<0.01), L-NIL (6.6 £ 0.4 vs 5.0 + 0.4,
P<0.01), and 1400W (6.2 = 0.3 vs 5.3 + 0.3, P<0.05). However, only AG was able to
significantly reduce the post-traumatic increase in BWC (80.3 £ 0.2 % vs 81.6 + 0.5, P<0.01).
In the second treatment protocol, 1400W administered even early improved the neurological
score (6.0 £ 0.2 vs 4.5 + 0.3, P<0.001), with still no effect on the cerebral edema. Conclusion:
Our results provide evidence that the three iINOS inhibitors improve the post-traumatic
neurological function and therefore strengthen the notion that an early induction of iNOS is
detrimental to functional outcome following TBI. The fact that only AG was able to reduce
the cerebral edema suggests that the anti-edematous effect 1) is not the origin of the
functional improvement and 2) does not related to the inhibition of iNOS. In conclusion,
iNOS inhibitors are able to reduce the post-traumatic neurological deficit without reducing
the cerebral edema. The large therapeutic window of iNOS inhibitors could allow their use in
the treatment of functional deficit following TBI. References: 1. Wada K et al. (1998)
Neurosurgery 43: 1427-1436. 2. Jones NC et al. (2004) J Neuropathol Exp Neurol 63:708-
720. 3. Jafarian-Tehrani M et al. (2005) Nitric Oxide (in press). 4. Sinz EH et al. (1999) J Clin
Invest 104: 647-656.
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Introduction: The mechanisms underlying functional recovery after stroke are poorly
understood. Hypoxia Inducible Factor 1 (HIF-1), a transcription factor regulated by the
oxygen levels, has been reported to be increased after focal ischaemia in the rat (1). Since
HIF-1 regulates the expression of several beneficial genes in cerebral ischaemia such as
erythropoietin (EPO) (2), its activation could trigger endogenous adaptive mechanisms
promoting tissue viability, reparation and/or functionality, thereby contributing to recovery
after ischaemia. In order to strengthen these endogenous mechanisms and evaluate their effect
on functional recovery, we investigated the effect of deferoxamine (DFX), an iron chelator
known to activate HIF-1a, on the functional deficits induced by focal ischaemia in the rat.
Materials and methods: Anesthetized male Sprague Dawley rats were subjected to transient
(60 min) intraluminal occlusion of the middle cerebral artery or to sham operation. DFX
treatment (300 mg/Kg s.c.) or its vehicle, started 24h after ischaemia and continued 2 times
per week during 2 months. Functional recovery was evaluated in four sensorimotor tests
performed regularly during two months. After euthanasia, the volume of the lesion was
determined histologically on coronal brain sections. Results: Ischaemia resulted in a large
cortico-striatal lesion in the vehicle-treated animals (210 + 35 mm3, n=8). DFX decreased
significantly the extent of the lesion (146 + 59 mm3, p<0.05, n=8) and improved significantly
the behavioural deficits. Indeed, the neurological score, as well as the sensorimotor
performances in the adhesive removal test, recovered earlier in the DFX-treated animals.
Moreover, the long lasting, skilled paw reaching, deficits observed in the Montoya’s staircase
have been decreased by the administration of DFX. Discussion: Our results suggest that DFX,
administered chronically, deceases the infarct volume and improves functional recovery after
ischaemia in the rat. Several hypotheses can be drawn to explain this beneficial effect. First,
by chelating iron, DFX may exert an antioxidant effect that could limit the expansion of the
lesion. Second, by activating HIF-1a, DFX could increase the expression of beneficial genes,
such as EPO (2,3), glucose transporters-1 (GLUT-1) (4) and vascular endothelial growth
factor (VEGF) (5). Although further experiments are needed to clarify the mechanisms
underlying its beneficial effects, our preliminary data suggest that a delayed administration of
DFX could represent an interesting therapeutical approach to treat ischaemia. References: (1)
Bergeron M et al. Induction of hypoxia-inducible factor-1 (HIF-1) and its target genes
following focal ischaemia in rat brain. Eur J Neurosci (1999) 11:4159-4170. (2) Bernaudin M
et al. A potential role for erythropoietin in focal permanent cerebral ischemia in mice. J Cereb
Blood Flow Metab. (1999) 19:643-651. (3) Shingo T et al. Erythropoietin regulates the in
vitro and in vivo production of neuronal progenitors by mammalian forebrain neural stem
cells. J Neurosci (2000) 21:9733-9743 (4) Lawrence MS et al. Overexpression of the glucose
transporter gene with a herpes simplex viral vector protects striatal neurons against stroke. J
Cereb Blood Flow Metab. (1996) 16:181-185 (5) Sun Y et al. VEGF-induced
neuroprotection, neurogenesis, and angiogenesis after focal cerebral ischemia. J Clin Invest
(2003) 111: 1843-1851.
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INTRODUCTION: Estrogen is protective in experimental cerebral ischemia, but the
mechanism of neuroprotection remains unknown. In cultured cortical neurons, estradiol
enhances Akt phosphorylation, and pharmacological inhibition of Akt phosphorylation
prevents protection by estradiol against glutamate-induced neurotoxicity (1). Phosphorylation
via phosphatidylinositol 3-kinase (P13-K) activates Akt, which promotes neuronal survival.
There are three isoforms of Akt. It is not known, however, which isoform is involved in
estradiol-mediated neuroprotection. Aktl has been implicated in cellular growth,
development, and survival (2). Therefore, we tested the hypothesis that Aktl gene deletion
abrogates the neuroprotective effect of estradiol in vivo, and to evaluate AKT and ischemia
when estrogen is low. METHODS: Female homozygous Aktl knockout (KO) and wild-type
mice (18-25 g) were ovariectomized and implanted subcutaneously with Silastic capsules
containing 180 mg 17b-estradiol (E2) or vehicle for 7 days. Male Aktl KO and WT mice
were also included in the study for comparison. Mice were subsequently subjected to 2-hour
MCA occlusion via the intraluminal filament technique (3), followed by 22 hours reperfusion.
Cortical, caudate-putamen and total hemispheric infarct volumes were determined by digital
image analysis of sequential 2-mm thick coronal brain slices after staining with 2,3,5-
triphenyltetrazolium chloride. Laser-Doppler perfusion was monitored to estimate the relative
drop in cortical perfusion at initiation of occlusion and restoration of blood flow at
reperfusion. Body temperature was monitored and regulated during surgery by warming
blankets. RESULTS: Body temperature was maintained within normal physiological range
and was equivalent among groups. Laser-Doppler perfusion was reduced to less than 20% of
baseline after MCA occlusion, and recovered to at lease 55% of pre-occlusion baseline after
reperfusion. Estradiol replacement increased plasma E2 from 20 + 2 to 47 + 3 pg/ml WT, and
from 18 + 1 to 50 = 3 pg/ml in Aktl KO mice. Estradiol significantly reduced infarct size in
the cerebral cortex (13.8 = 3.5% compared to 26.8 + 4.6% in vehicle-treated mice, n=11 per
group, p<0.05, mean * sem) and caudate-putamen (49.2 + 5.7% compared to 70.5 £ 4.7%,
n=11 per group, p<0.05) in WT mice. Estradiol replacement also reduced infarct size in Aktl
KO (9.6 £ 1.9% total hemispheric infarct in E2-treated vs. 18.9 + 5.3% in vehicle-treated
mice, n=10 per group, p>0.05). Both male and female Aktl KO mice sustained smaller
infarcts after MCA occlusion compared to WT mice (14.2 = 4.1% in male KO vs. 35.1 +
5.5% in male WT, n=10 per group, p<0.05, 18.9 + 5.3 in female KO, n=10 vs 29.2 £ 4.5in
female WT, n=11, p<0.05). CONCLUSION: Aktl KO mice are paradoxically protected from
ischemic brain injury. The protection by estradiol does not seem to be mediated via Aktl.
REFERENCES: [1] Honda K et al. J Neurosci Res. 2000;60:321-7. [2] Cho H et al. J Biol
Chem. 2001;276:38349-52. [3] Sampei K et al. Stroke. 2000;31:738-43
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EFFECT OF NUCLEAR FACTOR-KAPPA B ON CELL SURVIVAL OF SOD1 TG
ASTROCYTES AFTER OXYGEN GLUCOSE DEPRIVATION

Yong-Sun Lee', Yun Seon Song', Jian Wang®, Rona G. Giffard"?, Pak H. Chan'
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Purpose: NF«B is activated in brain cells after various insults, including cerebral ischemia. In
cytoplasm, NF«B is tightly associated with inhibitory protein, IkBa. On activation by H202,
IxBa is phosphorylated and degraded, exposing the nuclear localization signals on NFkB
heterodimer. Cyclooxygenase (COX2) is known as an NFkB-inducible gene, expressed in
leukocytes and brain. It is an important mediator of cell injury in inflammation. We
investigated the effect of oxygen glucose deprivation (OGD) on IxkBa phosphorylation, NFkB
activation, COX2 expression and the relation of OGD to cell survival in SOD1 transgenic
(Tg) mice. Methods : Primary astrocytes from postnatal day 2-3 SOD1 Tg and wild type (Wt)
mice were cultured for 14 days. Cells were subjected to OGD for 4 hrs and collected for the
indicated time points. Small interfering RNAs (siRNA) of NF«xB p50 were used to suppress
the gene expression. NFkB p50, IkBa, phospho-IkBa and COX2 antibodies were used for
immunoblotting. Cell death was measured by LDH assay. Results: In Wt and SOD1 Tg
astrocytes, IkBa level decreased rapidly after OGD, and recovered to basal level by 4 hr of
reperfusion (Fig.1). Phospho-IxBa was highly expressed after OGD and 2h reperfusion in
both cell types, which corresponded with the decreased level of IkBa at these time points.
Cytosolic level of NFkB p50 in Wt gradually increased after OGD and decreased by 3.7-fold
during reperfusion. NF«xB p50 level increased by 1.9-fold after OGD in SOD1 Tg astrocytes.
The reduced cytosolic NFkB p50 was consistent with for the increase in nuclear translocation.
SOD1 transfected astrocytes exhibited enhanced elevation of NFkB at 2 hr of OGD. COX2
level was induced by 6-fold and 1.9-fold after OGD in Wt and SOD1 Tg astrocytes (Fig.2).
SOD1 Tg cells were3.3-fold more protected than Wt cells after OGD (p<0.05, n=6).
However, SOD1 Tg cells transfected with siRNA showed 8-fold higher cell death rates and
elevated COX2 expression. Immunostaining showed similar results. Conclusions: After OGD,
IkBa was rapidly phosphorylated, leading to decreased IkBa and translocation of NFkB into
the nucleus. NFkB had a protective role in cell survival after oxidative injury. However,
blocking NFxB p50 expression by siRNA led to attenuation of COX2 expression in Wt, but
enhanced COX2 expression and cell death in SOD1 Tg astrocytes. These results suggest that
the transcriptional mechanism involved in COX2 gene expression may be different in SODI
Tg astrocytes after OGD. Supported by P50NS14543, PN5037520, ROINS25372,
ROINS36147, ROINS38653 and AHA Bugher Foundation.

Fig.1. IkBa protein levels in Wt and SOD Fig.2.COX-2 levels in Wt (A), SOD(B) and SiRNA transfected

astrocytes after OGD and reperfusion. astrocytes (C, D) after OGD and reperfusion.
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ROLES OF THE C-TERMINAL PEPTIDE BINDING DOMAIN OF HUMAN
INDUCIBLE HSP70 IN FOCAL ISCHEMIC BRAIN INJURY

Yunjuan Sun, Yibing Ouyang, Lijun Xu, Rona G. Giffard
Department of Anesthesia, Stanford University, Stanford, CA, USA

The inducible heat shock protein 70 (Hsp70) is a molecular chaperone that is expressed
primarily in response to stress, including heat shock, ischemia and glucose deprivation. Hsp70
consists of a 44 kDa amino terminal ATPase domain, an 18 kDa peptide or substrate binding
domain, and a 10 kDa carboxy terminal domain. While a large number of proteins interact
with Hsp70, only in some cases has the domain with which they interact been identified.
Although it is accepted that Hsp70 can protect cells from ischemic injury, the mechanism is
not known. Possible protective effects include prevention of protein aggregation, refolding
denatured proteins and reduction of apoptosis. The relative importance of the ATP-binding
domain compared to the peptide binding domain of HSP70 in ischemic protection is
unknown. To explore this question we tested whether two Hsp70 mutant proteins could
protect against ischemia-like injury of primary cultured murine astrocytes and reduce focal
ischemic injury induced by transient (2h) middle cerebral artery occlusion (MCAOQ). The two
mutants studied were 1) Hsp70 K71E, a point mutation that abrogates ATP binding and
renders the protein deficient in folding ability and 2) Hsp70 381-640 a deletion mutant
lacking the ATP binding domain. Hsp70 wild type (WT), -K71E, -381-640 and vector
plasmid LXSN were expressed in primary murine astrocyte cultures using retroviral mediated
transfection. After G418 selection, more than 95% of cells expressed these proteins by
immunostaining. Cultures were then subjected to combined oxygen-glucose deprivation
(OGD) and cell survival was assessed by MTT assay or Pl staining and cell counting.
Astrocytes overexpressing Hsp70 -WT, -K71E or -381-640 were all significantly protected
from 4h OGD (cell viability was increased about 50%, p < 0.05). We then tested the ability of
these mutant proteins to protect rats from transient focal ischemic injury. Plasmids encoding
Hsp70 -K71E, -381-640, or the control backbone plasmid LXSN were stereotactically
injected into the left lateral ventricle 24 h prior to MCAO. These mutant proteins were
expressed in both astrocytes and neurons as determined by double immunostaining. Animals
that overexpressed either of these two mutant proteins had significantly better neurological
scores and smaller infarct volumes (30-35%) assessed at 24 hr (infarction volume (mm3):
233.5+38.6 in control group; 152.25+43.95 in Hsp70 K71E group; and 162.71+32.5 in Hsp70
381-640 group, P<0.05 compared to control, n=8 in each group). Protection by both mutants
was associated with reduced protein aggregation and apoptosis, as assessed by ubiquitin
immunohistochemistry and Klenow staining. Both the point mutant and the deletion mutant
were found to reduce ischemic injury. Since the carboxy terminal half of the protein is
sufficient for protection, interaction with protein partners that bind the aminoterminal half of
the protein are not essential to ischemic protection. Also, since neither mutant can facilitate
folding, their efficacy against ischemia suggests that inhibiting protein aggregation is
sufficient to reduce ischemic injury and apoptotic cell death. 'Supported in part by GM49831
and NS37520'
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NEUROPROTECTIVE EFFECTS OF DIKETOPIPERAZINES, POTENTIAL
CLINICAL APPLICATION OF SMALL CYCLIC FORM OF NEUROPEPTIDE
FOLLOWING ISCHEMIC BRAIN INJURY
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Introduction: A considerable number of neuropeptides have been shown to be neuroprotective
tested in various animal models with ischemic brain injuries. However the central delivery of
peptide has always been problematic due to their large molecular weight and potential
mitogenic effect after being administered into the peripheral circulation. Diketopiperazine
(DKP)s are a group of cyclic forms of bipeptides, naturally occurring in the central nervous
system. The current experiment examined the neuroprotective effects of a native DKP and its
analogues, modified to improve its potency on neuroprotection. Methods: An analogue of
DKP was modified to improve the potency of neuroprotection. The effects of neuronal
survival of both a native DKP and its analogue following glutamate + 3NP neurotoxicity were
first examined in cerebellar neuronal culture. The neuroprotection of the native DKP and its
analogue were also tested in adult rats with hypoxic-ischemic brain injury. Results: Both the
native DKP and its analogue prevented cereballar neuronal death from glutamate/3-NP
induced neurotoxicity in a dose dependent manner. The effect of the analogue on neuronal
survival was more potent (10pM-1nM) compared to that of native DKP (1-100nM). Central
administration of either native DKP (200ng/rat, icv) or its analogue (2-20ng/rat, icv) reduced
neuronal loss in the lateral cortex, hippocampus and striatum, also in a dose dependent
manner. Peripheral administration of the analogue significantly improved neuronal outcome 7
days after HI injury, however the degree of neuroprotection was not as strong compared to
that after central administration. Discussion: Current study demonstrated for the first time that
the cyclic form of proline containing bipeptides were neuroprotective. The data suggest a
potential pharmaceutical development for treating ischemic brain injury.
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PHARMACOLOGICAL CORRECTION OF THE HEMORHEOLOGICAL PROFILE
CHANGES UNDER, CEREBRAL ISCHAEMIA-REPERFUSION INJURY BY
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Ludmila V. Naumenko, Vitalij N. Kotov, Tatjana V. Goncharova, Darya M. Maltczeva,
Ivan N. Tjurenkov, Miroslav N. Bagmetov, Andrey V. Voronkov, Ludmila E. Borodkina,
Jakov Tivon, Vera A. Anisimova
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Previously, hemorheological screening of 162 bi- and tricyclic benzimidazole and xantine
derivatives has been performed. The most active substances were evaluated in class of N9-
imidazobenzimidazoles, which activity exceed widely used drugs (pentoxifylline, gliclazide
etc.). The most potent agent - AKS-17 has been taken out for further examination. Total
cerebral ischaemia was induced by common carotid arteries occlusion (1h) under
hypovolemic hypotension conditions (blood samples were used for evaluation of initial
hemorheological parameters), followed by reperfusion. Intravenous injection of AKS-17 (5
mg/kg) or pentoxifylline (equalmolar dose 4 mg/kg) or saline (control groups - ischaemic and
sham-operated) had been performed before operation. Blood samples were taken from
abdominal aorta 1h after reperfusion onset. Blood rheology properties were tested using
rotational viscosimetry, micropore filtration system, light microscopy, light transmission
aggregometry, coagulation parameters were evaluated, DSM+ RBC fluorescence rates were
determined. Regional cerebral blood flow (CBF) in cortex supplied by the right middle
cerebral artery was measured by Doppler flowmetry during ischemia period. ANOVA was
used to analyze statistical differences among groups, with significance level at P<0.05.
Significant increase of blood viscosity at low and high shear-rates (11% at 300 and 39.36% -
3s-1), RBC aggregation index - 15.85% (associated with decrease of DSM+ fluorescence
(33,84%) - negative surface charge diminishment - 'exhausted' aggregation mechanism), as
well as decreased RBC deformability (40.54%) and osmotic fragility (73.1%) were evaluated
in ischaemic versus control (sham-operated) rats. AKS-17 or pentoxifylline reduced blood
viscosity at high shear rates (21,93 and 12,48%, respectively) as well as at low shear rates
(40,79% and 19,31%, respectively). AKS-17 decreased RBC aggregation index (24,35%
versus 11% - pentoxifylline), RBC filtration rate (exceed pentoxifylline in 61.85%), viscosity
of RBC suspensions (24.29% versus 13.36% - pentoxifylline). AKS-17 significantly
decreased platelets aggregation parameters and improved hypercoagulable state. Local CBF
decreased in 1.9 times after bilateral CCA occlusion and was stable up to 1 hour. In a group,
receiving AKS-17 reduction was only 23,7% and returned to initial level to 10 minute of
ischaemia. So, preventive AKS-17 administration leads to improvement of the
microcirculation parameters so it may be useful for a new cerebroprotective agent creation.
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NEUROPROTECTIVE OF SESAME SEED AND ITS COMPONENT SESAMIN ON
THE BRAIN ISCHEMIA IN RATS
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Introduction: Sesame seeds (Ss; Sesamum indicum Linn, Pedaliaceae), has been widely used
in traditional Korean medicine for anti aging. Ss contains significant amount of lignan, such
as sesamin. It is known to have many biological activities. The aims of this study were to do
investigation of neuroprotective effect of Ss and its component sesamin on brain ischemia
using 4-vessel occlusion (4-VO) rat model. Method: Ss was extracted with methanol. We
analyzed the content of sesamin by HPLC. We fractionated the extract repeatedly from
vacuum silica gel column chromatography and isolated the component, sesamin. We
investigate the The neuroprotective effect of samples on CAl hippocampal neurons was
evaluated by measuring the neuronal cell density in CA1 hippocampal region at 7 days after
10min ischemia. Ss treated group (at a dose 500 mg/kg) were orally administered at 0 min and
60 min after ischemia. Sesamin (0.3, 1, 3, 10 mg/kg) was dissolved in 100% DMSO and
intraperitoneally injected at 0 and 90 min after ischemia. We investigated the neuroprotective
effect on 2 hr of oxygen glucose deprivation (OGD) in primary neuronal culture. As
mechanisms, we investigated the effect of sesamin on NO production in BV2 cell line after
LPS treatment. We also investigated the inhibitory effects of sesamin on RNA and protein
expression of COX-2, iNOS, IL-1f and TNF-a by RT-PCR, immunohitochemistry and
western blot analysis, after 4-VO. Results: We confirmed that Ss contained 3% of sesamin.
Oral administration of Ss methanol extract (500 mg/kg) showed 29% of neuroprotective
effect While, intraperitoneal injection of sesamin (3 mg/kg) protected 42.5% in neuronal
death in hippocampal CAl neurons at 7 days after 4-VO without changing of body
temperature. Sesamnin (1 mg/kg) protected 40% after OGD 2 hr in primary neuronal cells. It
also inhibited NO production in BV-2 cell after LPS treatment. Sesamin inhibited COX-2 and
microglial activation in the CAl of hippocampus after 4-VO. Sesamin (1, 3 mg/kg)
suppressed iNOS induction and blocked the enhancement of IL-1B and TNF-a levels.
Conclusion: Sesame seed including sesamin reduced neuronal cell density in global cerebral
ischemia in rat by ant-inflammatory effects. and these results lead to the possibility that
Sesame seed and its ingredient including sesamin may be available for treatment of brain
ischemia patients. References: [1] Kim HC. Herbal Pharmacology Seoul; Jipmoondang, 432-
433(2001). [2] Pulsinelli WA, Brierley JB ; Stroke, 10:267-272 (1979). Grant support:
supported by a grant (PF0320201-00) from Plant Diversity Research Center of 21st Century
Frontier Research Program funded by Ministry of Science and Technology of Korean
government.







58
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The reperfusion step during cerebral I/R is known to be responsible for the generation of free
radicals which play significant role in the development of alterations of cerebral tissue and
vessels. The aim of our study was to investigate the effects of stobadine (STO), a
pyridolindole derivative, previously experienced in different models of pathologies for its
scavenging effects towards free radicalsl. Rats were ischemized for 1 h then allowed to
reperfusion for 24 h. STO (1 mg/kg) or vehicle (VEH) was administered (IV) at t=0 and 5 h
of reperfusion. Brain infarct volumes were quantified and MCA studied either with patch-
clamp technique for KIR2.1 of smooth muscle cells (SMC), either by vasomotricity for
endothelium and smooth muscle functions (Halpern myograph). STO reduced brain infarct
volumes from 238+9 mm3 on VEH-treated rats (n=18) to 182+9 mm3 (p<0.005, n=21).
KIR2.1, an inward rectifier potassium current of SMC was drastically reduced after I/R2.
Tested on SMC of I/R STO-treated rats, the KIR2.1 density was significantly preserved (-
1.06+0.17 pA/pF, n=9, p<0.05) compared to —0.48+0.07 pA/pF (n=6) in I/R VEH-treated rats
and -1.23+0.11 pA/pF in SHAM VEH-treated rats (n=9). The endothelial-dependent
vasorelaxation was induced by ACh (3.10-5M) on serotonin-preconstricted (10-6M) MCA.
The percentage of diameter increase induced by ACh was 22.20+1.60% (n=11) on sham-VEH
MCA but was significantly reduced to 12.31+1.42% (n=6) on I/R VEH-treated MCA. After
STO treatment, endothelium-dependent vasodilation was significantly preserved on I/R MCA
(20.73£2.63%, p<0.01, n=6). Concerning the smooth muscle dependent relaxation induced by
KIR2.1 activation, stobadine pretreatment didn't allow any protection towards the I/R induced
reduction of this vasodilation. Application of 15 mM KCI allowed SHAM VEH-treated MCA
to relax to a 25.53+2.25% increase of its basal tone (n=15). Same application on I/R VEH-
treated MCA induced only 5.00+1.35% of increase basal diameter (n=8). After STO
treatment, vasodilation reached 11.45+2.28% (n=11) on SHAM MCA and 6.24+2.18% (n=8)
on /R MCA. These data revealed the potent protective effects of the antioxidant agent
stobadine towards neuronal tissue (i.e. reduction of infarct size) in parallel to endothelial
vascular function. Smooth muscle KIR2.1 density is also protected while the relaxation
depending on is still altered. This result suggested another step between KIR2.1 activation
and the triggering of the smooth muscle dependent relaxation. However stobadine appeared to
be a promising tool to reveal new therapeutic strategies against cerebral ischemia.

1- Horakova & Stolc, 1998, Gen Pharmac, 32 : 627-638. 2- Bastide et al, 1999, J Cereb Blood
Flow Metab, 19 : 1309-1315.
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Introduction Chronic pre-treatment by Peroxysome Proliferator-Activated Receptor-a agonist
induces a neuroprotective effect in experimental model of focal cerebral ischemia by both
anti-inflammatory and anti-oxidant mechanisms (1). The aim of our study is to demonstrate if
an acute activation of PPAR-a could also induce cerebral protection during cerebral ischemia
as well as a prevention of post-ischemic endothelium and Kir 2.1 smooth muscle impairment,
which are mediated by oxidative stress. Materials Male Wistar rats were subjected to a 60
minutes middle cerebral artery occlusion (MCAo). Vehicle or fenofibrate (50 or 200 mg/kg
per day), a PPAR-a activator, was administered by gavage twice a day during 72 hours after
onset of ischemia. The infarct volume was determined at 72 hours of reperfusion. The
ipsilateral MCA was removed and mounted in a small vessel arteriograph. The endothelium
and smooth muscle reactivity was then studied. Results Fenofibrate at 50 and 200 mg/kg
induced a significant decrease in infarct volume by 21% and 32 %, respectively (p<0.05
versus vehicle). Acute administration of fenofibrate at 50 mgkg prevented the
ischemia/reperfusion-impairment of endothelium relaxation (21.6+5.0% versus 12.942.9%,
p<0.05) but not at 200 mg/kg (9.8+1.8%, NS). KCl-induced smooth muscle relaxation was
reduced in ischemic animals compared to control (12.1£1.5% versus 26.0+2.4%, p<0.05)
whereas fenofibrate administration at 50 mg/kg prevented the post-ischemic impairment of
smooth muscle Kir 2.1 relaxation (22.6+2.9%, p<0.05 versus ischemic animals) and not at
200 mg/kg (14.8+4.4%, NS versus ischemic animals). Endothelium-independent relaxation to
sodium nitroprusside was similar in all groups. Conclusion Acute administration of PPAR-a
agonist induces a significant neuroprotection. But our results show also a discrepancy
between the neuroprotection and the vasculoprotection level according to the dose, suggesting
that the vascular wall should not be considered as the only pharmacological target in the
treatment of stroke. References 1. Deplanque D, Gelé P, Pétrault O, Six I, Furman C, Bouly
M, Nion S, Dupuis B, Leys D, Fruchart JC, Cechelli R, Staels B, Duriez P, Bordet R (2003)
Peroxisome Proliferator-Activated Receptor-a as a mechanism of preventive neuroprotection
induced by chronic fenofibrate treatment. J Neurosci 23(15):6264-6271.
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TALAMPANEL, A NON-COMPETITIVE AMPA-ANTAGONIST IMPROVES THE
FUNCTIONAL RECOVERY AFTER FOCAL CEREBRAL ISCHEMIA IN RATS - A
30-DAY FOLLOW UP STUDY
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Background and aim of the study: The beneficial effect of the anti-epileptic talampanel was
previously shown in acute focal cerebral ischemia models in rats and mice. The compound (6
x 2 mg/kg i.v.) reduced the infarct size by 49% (in rats) and 44.5% (in mice) after 1 h
ischemia and 24 h recirculation. The aim of present study was to test the therapeutic potential
of talampanel under clinically more relevant conditions, in a chronic model of stroke with not
only morphological but also functional assessments. Methods: Three groups of male CDBR
rats (sham operated, ischemic control and talampanel treated) were used for the experiments.
Transient middle cerebral artery occlusion (tMCAQ) was produced by intraluminar filament
technique. On the day of the operation the animals were treated with talampanel (10 mg/kg
i.p.) or vehicle (saline containing 0.5 % Tween 80) six times (30 min, 1.5h,2.5h,3.5h,4.5h
and 5.5 h post-occlusion). The functional deficit was measured on the days 1, 2, 3, 4, 7, 15, 22
and 29 after the tMCAOQ. Survival rate, body weight, neurological status, locomotor activity,
spontaneous rotation, muscle strength, motor coordination, balancing and reaction time
following forepaw stimulation were monitored. At the end of the 30-day observation period
the brain tissues were histologically analysed after hematoxylin eosin staining. Results and
conclusions: Due to the restitutive capacity of the rat brain a spontaneous improvement of
motor deficit was observable in several behavioral tests during the 30 days in the ischemic
control animals. Talampanel treatment improved the survival rate, the stroke-induced rotation,
the failure of the motor coordination, the balancing disturbances and the prolongation of the
reflex time at every timepoint comparing with the ischemic control. The effects were
statistically significant in rotometer, rotarod and beam walking tests. Analysing the size and
structure of the infarcted area of the brain tissue no remarkable differences were found
between the vehicle and talampanel treated animals at 30 days after the ischemia. These
results suggest that the size of the infarction and the severity of the sensorimotor deficit is not
necessarily correlate. In conclusion our results indicate that talampanel is able to attenuate the
long-term neurological and motor dysfunctions following stroke in rats. However, a
spontaneous recovery of the behavioral functions is detectable in the ischemic control animals
as well. The complex functional monitoring applied in the present study is unique in the
literature and may serve as a relevant approach to predict the anti-ischemic effect of the drug
before a possible clinical investigation. Acknowledgements: The authors are grateful to Maria
Szaniszlo, Zsuzsa Doma, Krisztina Kiirti, Agnes Hada and Monika Csatari for the excellent
technical assisstance.
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'The Second Department of Internal Medicine, Nippon Medical School, Tokyo, Japan
Department of Biochemistry and Cell Biology, Institute of Development and Aging Sciences,
Graduate School of Medicine, Nippon Medical School, Kawasaki, Japan
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Back ground and purpose: Ischemic cerebral infarction is a major cause of death. However,
few practical therapies have been explored for clinical applications. We show here a potential
combination therapy in a rat focal ischemic model to improve neurological symptoms as well
as reduces the infarct volume at the maximum level. Methods: As reported previously (1), we
applied a protein transduction technology using super anti-cell death FNK protein (artificially
modified Bcl-xL protein, ref 2) fused with a protein-transduction-domain peptide from HIV
Tat protein (PTD-FNK). Focal ischemia was produced by intraluminal occlusion of the left
middle cerebral artery (MCA) with a nylon monofilament for 1.5 h. Results: When PTD-FNK
(0.25mg/kg) was administrated intravenously at 1 hr after initiating ischemia, the infarct
volume were reduced down to 50% of the vehicle treated group. Furthermore, if FNK post
treatment was followed by an intravenous injection of an immunosuppressant FK506
(Img/kg) with 30 min interval, the infarct volume of the cortex was markedly reduced down
to 14%. This procedure not only reduced the infarct volume but also markedly improved the
neurological symptoms. All ischemic rats post-treated with the combination of PTD-FNK and
FK506 could walk smoothly whereas untreated ischemic rats could not walk at all. The
therapeutic time windows for PTD-FNK alone treatment was until 3h after ischemia and the
combination therapy elongated the timewindow to at least 4.5h after ischemia. Conclusions:
Protein therapy with cell penetrating technology such as using Tat-PTD is quite effective for
cerebral ischemia. Furthermore the combination with FK506 synergistically enhanced the
protective effect. Since PTD-FNK localizes around Mitochondria and FK506 will influence
the ER function, mechanisms of additive therapeutic effects of PTD-FNK and FK506 could
be due to protection of both mitochondira and ER. References 1. Asoh et al. (2002) Proc.
Natl. Acad. Sci. USA. 99, 17107-17112. 2. Asoh et al., (2000) J. Biol. Chem., 275, 37240-
37245.
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Background and purpose We applied a protein transduction technology using super anti-cell
death FNK protein (artificially modified Bcl-xL) fused with a protein-transduction-domain
peptide from HIV Tat protein (PTD-FNK)(Ref1,2). We present strong protective effects with
rat middle cerebral artery occlusion model in this meeting. When PTD-FNK administration
was followed by administration of an immunosuppressant FK506 with 30 min interval, the
protective effect was markedly enhanced. We tried to explore protective mechanisms of the
combination therapy for cerebral ischemia using in vitro cell death system. Methods
Neuroblastoma SH-SY5Y cells were cultured, and PTD-FNK and/or FK506 were
administered. Then, thapsigargin (TG), a potent inhibitor of endoplasmic reticulum calcium-
ATPase, was added. After 24hours, viable cells were counted under a microscope. For
determination of intracellular free Ca2+ ([Ca2+]i), the fluorescence Ca2+ indicator Fluo-3
AM was added at first, and pretreated with PTD-FNK and/or FK506, and further stimulated
with TG. Results Cell viability was lost to 47.3% in the treatment with TG. PTD-FNK and
FK506 showed 80.9% and 72.5% cell viability, respectively. The combination of PTD-FNK
and FK506 with 30 min interval showed 88.7% cell viability(right most column of figure),
however, the simultaneous treatment did not have protective effect. [Ca2+]i increased after
the addition of TG. After the addition of FK506, [Ca2+]i also increased. In contrast, the
increase of [Ca2+]i was suppressed with PTD-FNK and the combination of PTD-FNK and
FK506 with 30 min time lag. If PTD-FNK and FK506 were added simultaneously, [Ca2+]i
increased to similar level of TG alone treatment. Conclusions These experiments suggest that
the combination treatment of PTD-FNK and FK506 with 30 min interval affects the
movement of calcium ions, leading to protection against cell death. It is reported FK506 can
cause an inhibition of endoplasmic reticulum calcium-ATPase which could increase cytosolic
calcium level. Furthermore, FK506 was reported to strip FKBP12 from 1,4,5-triphosphate
receptor or ryanodine receptor, making those channels “leaky” for calcium. If PTD-FNK were
treated before FK506 administration, the adverse effect of FK506 (increase cytosolic calcium
level) decreased and the protective effect appeared more effectively, leading to synergistic
protection References 1.Asoh et al., (2002) Proc. Natl. Acad. Sci. USA. 99, 17107-17112
2.Asoh et al., (2000) J. Biol. Chem. 275, 37240-37245
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STROKE PROTECTION BY ATORVASTATIN TREATMENT IN STROKE-PRONE
SPONTANEOUSLY HYPERTENSIVE RATS (SHRSPS):2. MEASUREMENT OF
REGIONAL CEREBRAL BLOOD FLOW (RCBF) BY AUTORADIOGRAPHY

Tatsuo Otori, Toshiya Katsumata, Noriko Tanaka, Yutaka Nishiyama, Hidenori Nakamura,
Yasuo Katayama

Internal Medicine 2, Nippon Medical School, Tokyo, Japan

Purpose We are reporting in the first study that daily atorvastatin treatment in SHRSPs
demonstrated stroke protection and decreasing mortality. In the second study, to reveal the
protective mechanism from the aspect of cerebral blood circulation, SHRSPs were treated
daily with atorvastatin, and rCBF were measured by autoradiography at premorbid period of
stroke. Methods Male 8 weeks SHRSPs were treated daily orally with atorvastatin suspension
at a dose of 20mg/kg (n=5, A group). Vehicle male 8 weeks SHRSPs were treated daily orally
with same amount of suspension without atorvastatin (n=5, V group). RCBF were measured
by autoradiography (Sakurada et al) at age of 13 weeks, which was considered at premorbid
period of stroke from the result of the first study. Briefly, rats were anesthetized with a
mixture of halothane, oxygen and balance of nitrous oxide. Catheters were placed into
femoral artery and vein, and physiological variables were monitored, such as blood pressure
and arterial blood gas. After recovered from anesthesia, 150uCu/kg of [14C]-iodoantipyrine
(IAP) was infused into the vein, and 10 blood samples were obtained from the arterial
catheter. RCBF were calculated from brain sample and blood samples. Region of interest was
set for 15 sites bilaterally (cingulate, frontal, temporal, parietal, occipital, rhinal and
entorhinal cortex, caudoputamen, globus pallidus, thalamus, hypothalamus, substantia nigra,
CA1l and CA3 hippocampus and dentate gyrus). Averages of both hemispheres from each
regions were used for rCBF, and values were indicated as mean+SD. Differences between A
and V groups were tested for statistical significance using unpaired t-test. A P value less than
0.05 was considered statistically significant. Results There were no significant differences in
physiologic variables between A and V groups. RCBF was significant larger in A group in
cingulate cortex (A:128+14, V:96+21), and there were larger tendency in the other cortex,
caudoputamen and grobus pallidus. There were no significant difference between A and V
groups in thalamus, hypothalamus, substantia nigra, CA1 and CA3 hippocampus and dentate
gyrus. Conclusions Atorvastatin treatment increased rCBF in many region of interest
especially cingulate cortex at premorbid period of stroke without changing physiologic
variables. It was considered that higher cerebral blood flow at premorbid period contribute to
stroke prevention.
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INTENSIVE INSULIN THERAPY IS ASSOCIATED WITH REDUCED
EXTRACELLULAR GLUCOSE AND INCREASED OXYGEN EXTRACTION
FRACTION AFTER SEVERE TRAUMATIC BRAIN INJURY
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Thomas Glenn?, David Hovda®
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Intensive Insulin Therapy is Associated with Reduced Extracellular Glucose and Increased
Oxygen Extraction Fraction after Severe Traumatic Brain Injury Introduction: Reductions in
extracellular glucose after traumatic brain injury (TBI) is associated with poor outcome and
may be related to substrate limitation. Intensive insulin therapy is a commonly used treatment
in intensive care and is considered to be crucial in limiting brain damage and brain lactic
acidosis after a TBI. Hypothesis: Intensive Insulin therapy (IIT) to maintain normoglycemia
may provoke reductions in available brain glucose and precipitate changes in oxidative
metabolism. Methods: Nineteen patients with severe TBI underwent cerebral microdialysis
(uL/min) in normal appearing brain tissue before and during insulin infusion aimed at
maintaining glucose levels in normal range (5-7 mM). Serial hourly changes in extracellular
glucose, lactate and pyruvate were tracked. Single session oxidative positron emission
tomography (PET) was obtained in each subject during spontaneous uncontrolled states of
glycemia. Regional and whole brain quantitative rates of oxygen extraction fraction (OEF)
were determined and compared with serum glucose and extracellular glucose values. Results:
During HIT, extracellular glucose decreased by 70% + 11of hyperglycemic baseline in 2/3 of
patients (responders). In responders, the extracellular glucose decreased to low levels (< 0.2
mmol/l) in 31% of samples with a corresponding increase in the lactate/pyruvate ratio > 40 in
61% of samples. In nonresponders, the total duration of elevated lactate/pyruvate was
nonsignificantly less than that of the responders (p < 0.06). Regional PET OEF correlated
poorly with extracellular glucose (-0.03) but whole brain OEF negatively correlated with
serum glucose (-0.61, r = 0.01). Serum glucose values of 5-5.5 mM (the goal of IIT) were
associated with the highest PET OEF, ranging from 0.5-0.8. These effects were independent
of severity of injury. Conclusion: During IIT, the brain exhibits signs of metabolic distress
with decreases in extracellular glucose, elevation of lactate/pyruvate ratio and increases in
OEF.
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TRANSLATIONAL COMPLEX AGGREGATION AFTER TRANSIENT CEREBRAL
ISCHEMIA

Chunli Liu, Maryann Martone, Pengfei Ge, Fan Zhang, Shaoyi Chen, Bingren Hu
Department of Neurology, University of Miami School of Medicine, Miami, FL, USA

Background: Transient cerebral ischemia followed by reperfusion causes delayed neuronal
death selectively in ischemic vulnerable neurons after 48 h of reperfusion. Despite the fact
that neuronal ATP production is gradually recovered in neurons destined to undergo delayed
neuronal death after ischemia, inhibition of the overall rate of protein translation continues.
Irreversible inhibition of protein biosynthesis is a most accurate indicator for delayed
neuronal death after transient cerebral ischemia, but the underlying mechanism remains
unknown. A brief elF-2alpha phosphorylation is responsible, at least in part, for the transient
depression of translation in ischemia-surviving neurons, but cannot account for irreversible
translational inhibition in ischemia-vulnerable neurons. This study suggests that translational
complex aggregation destroys protein synthesis machinery and contributes to delayed
neuronal death after ischemia. Methods: This study utilized a 15 or 20 min of transient
cerebral ischemia followed by 30 min, 4 and 24 h of reperfusion in rats to investigate whether
irreversible translational inhibition is due to aggregation of translational complex, i.e., the
ribosomes and their associated newly synthesized polypeptides, protein biosynthesis initiation
factors, translation-coupled folding-chaperones and degradation enzymes after ischemia.
Translational complex aggregation and delayed neuronal death were studied by electron and
confocal microscopy, as well as by biochemical analyses. Results: Both conventional
osmium-uranyl-lead and the EPTA-ribosome-selective EM staining methods clearly show
that ribosomes are clumped into large aggregates only in the cytoplasm of neurons destined to
undergo delayed neuronal death after brain ischemia. The translational complex components
consisting of ribosomal small subunit protein S6, large subunit protein L28, co-translational
chaperones HSC70 and HSP40, translational initiation factor eIF-3n, and co-translational
ubiquitin ligase CHIP, are all deposited into a detergent/salt-insoluble protein aggregate-
containing fraction in vulnerable neurons after ischemia. Sedimentation analysis further
confirms that these translational complex components are aggregated into higher densities of
protein aggregate fractions in a sucrose density gradient. Immuno-fluorescence of ubi-
proteins, CHIP, S6, L28, and HSC70 under confocal microscopy gradually disappears only in
neurons destined to undergo delayed neuronal death after ischemia. These results clearly
demonstrate that translational complex is clumped into large abnormal aggregates, resulting
in destruction of protein synthesis machinery after brain ischemia. Discussion: Translational
complex aggregation in ischemic vulnerable neurons may represent a new mechanism
underlying permanent inhibition of protein synthesis and delayed neuronal death after
transient ischemia. An ischemia-induced cascade of energy failure and changes in
intracellular homeostasis cumulatively disable ATP-dependent protein quality control
machinery for co-translational folding and folding-coupled degradation after brain ischemia.
As a result, nascent polypeptides on ribosomes are unable to fold. Consequently, unprocessed
nascent polypeptides, together with their associated chaperones, initiation factors, degradation
enzymes and ribosomes, are irreversibly aggregated. Translational complex aggregation-
induced damage accumulates over time, and when it reaches a critical degree, may eventually
lead to delayed cell death after ischemia. Supported by: NS040407.
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GLUCOSE UTILIZATION IN NEURONS IN RAT BRAIN EVALUATED WITH
FLUORESCENT ANALOGUE OF DEOXYGLUCOSE

Yoshiaki Itoh, Rie Takaoka, Takato Abe, Norio Tanahashi, Norihiro Suzuki

Department of Neurology, Keio University School of Medicine, Tokyo, Japan

BACKGROUND: Glucose is the major energy source the adult brain utilizes under
physiological conditions. Recent findings, however, have suggested that neurons obtain most
of their energy from the oxidation of extracellular lactate derived from astroglial metabolism
of glucose transported into the brain from the blood. In the present studies we have used a
fluorescent analogue of 2-deoxyglucose, which is often used to trace glucose utilization in
neural tissues, to examine glucose metabolism in neurons in vivo. METHODS: Utility of 2-
[N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)amino]-2-deoxy-D-glucose (2-NBDG) to evaluate
glucose metabolism was assessed through in vitro study. We incubated cultured neurons and
astroglia with 2-NBDG for predetermined time and washed unmetabolized dye out.
Phosphorylated 2-NBDG remaining in the cells was measured with a fluorescent microscope,
a CCD camera, and an image analysis system. To determine glucose utilization in neurons in
vivo, Sprague-Dawley rats were intravenously injected with a pulse bolus of 2-NBDG and
decapitated 45 minutes later. After recording the distribution of phosphorylated 2-NBDG, the
brain section was further stained immunohistologically. RESULTS: In neurons as well as in
astroglia, fluorescence intensity increased proportionately to incubation time (fig 1). These
findings reconfirmed previous in vitro reports that both types of brain cells utilize glucose as
their energy source (1). Phosphorylation of 2-NBDG was linearly dose-dependent up to 90
micro-M (fig 2), suggesting that hexokinase which phosphorylates glucose was not saturated
with the tracer at these concentrations. The metabolized dye remained in the cells at least 60
min after wash. The finding is in good agreement with previous reports that both neurons and
astroglia contain negligible, if any, amount of glucose-6-phosphatase (2), an important fact
when measuring glucose utilization in the brain using 2-deoxyglucose. These results indicated
that, similar to 2-deoxyglucose, 2-NBDG is useful to determine glucose uptake in the brain
cells. Examination of hippocampus sections of rats revealed that phosphorylated 2-NBDG
accumulated in anti-NeuN positive neurons in the pyramidal cell layer and that GFAP-
positive astroglial contribution to overall 2-NBDG accumulation was minor. Sagittal sections
of the cerebellum demonstrated that 2-NBDG accumulated in molecular layer, Purkinje cell
layer and granular cell layer. Immunostaining for calbindin showed that Purkinje cells in the
section all contained metabolized 2-NBDG. Sections at the parietal cortex also suggested the
2-NBDG phosphorylation in neurons as well as astroglia but we could not identify the cells in
these sections. CONCLUSION: This is the first study demonstrating in vivo glucose uptake
and metabolism in neurons in rat brain under physiological conditions. Even though astroglial
contribution to overall glucose consumption seemed minor, further studies are needed to
confirm the extent of glucose utilization compared to lactate in neurons in vivo.
REFERENCE: 1. Itoh Y, Esaki T, Shimoji K et al., Proc Natl Acad Sci USA. 100 (8):4879-
84,2003 2. Gotoh J, Itoh Y, Kuang TY et al., J Neurochem. 2000 Apr;74(4):1400-8.
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GLUCOSE UPTAKE AND METABOLISM IN THE HUMAN BRAIN DURING
HYPOGLYCAEMIA ASSESSED BY IN VIVO MAGNETIC RESONANCE

Marinette van der Graaf', Bastiaan E. de Galan?, Dennis W.J. Klomp®, Laura M. Parkes®,
Cees J.J. Tack?, Arend Heerschap®

'Department of Radiology, Radboud University Nijmegen Medical Center, Nijmegen,
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Introduction: In type-1 diabetes, iatrogenic hypoglycaemia is a serious complication of
intensive insulin therapy that primarily endangers brain function. Little is known about the
effect of hypoglycaemia on brain glucose uptake and metabolism. Magnetic Resonance (MR)
provides several non-invasive methods to investigate these factors in the human brain in vivo,
i.e. 13C MR spectroscopy (MRS) to follow uptake and metabolism of 13C-labeled glucose,
1H MRS to determine local glucose concentrations, 31P MRS to assess high energy
phosphate compounds and pH, and arterial spin labeling (ASL) to measure blood flow. Aim
of the study: To test the feasibility of the application of these MR methods on the human
brain under euglycaemic and hypoglycaemic conditions for the assessment of local changes in
glucose uptake and (energy) metabolism. Methods: Eleven healthy volunteers (9F/2M, 21.9 +
1.6 years) underwent a hyperinsulinaemic (60-120 mUxm-2xmin-1) euglycaemic (~ 5.3
mmol/L; 60 min.) — hypoglycaemic (~ 2.9 mmol/L; 60 min.) glucose clamp [1].
Measurements included: 13C MRS using 13C-1-glucose isotopic enrichment to determine
cerebral glucose uptake and subsequent metabolism (n=6), 1H MRS to determine cerebral
glucose content (n=5), 31P MRS to measure global cerebral energy demand (n=2), and ASL
to measure cerebral perfusion (n=3). In one subject undergoing 13C MRS, a 100% 13C-
enriched glucose solution was used during the hypoglycaemic phase of the clamp. All
experiments were performed on a sophisticated 3T Siemens Trio MR spectrometer using
extended tubing. Results: Cerebral glucose content, measured by 1H MRS, averaged 1
mmol/L under euglycaemic conditions, but was undetectable during hypoglycaemia. Plasma
13C isotopic enrichment (determined by hf 1H-NMR) was 29+1% during euglycaemia and
25+1% during hypoglycaemia, except in the subject receiving 100% 13C-enriched glucose
where it increased to 68%. 13C MRS resulted in spectra of good quality allowing monitoring
of brain glucose uptake and time-dependent conversion to metabolites under both glycaemic
conditions. The experiment using 100% 13C-enriched glucose revealed ongoing cerebral
glucose uptake and subsequent metabolism under hypoglycaemic conditions. Overall brain
perfusion measured by ASL was 47.5+5.8 mLxmin-1x100mL-1 brain tissue during
euglycaemia and 46.9+4.6 mLxmin-1x100mL during hypoglycaemia (P=NS). The 31P MRS
experiments resulted in spectra with clearly resolved resonances of phosphomonoesters,
phosphodiesters, intracellular inorganic phosphate (Pi), phosphocreatine (PCr), and
alpha,beta,gamma-ATP. Upon changing the glycaemic condition to hypoglycaemia, PCr/ATP
remained unaltered, but Pi resonance shifted slightly equaling an intracellular pH increase in
the order of ~0.01-0.02. Conclusion: Hyperinsulinaemic euglycaemic-hypoglycaemic clamp
conditions can be safely applied in a 3T MR magnet. Acute hypoglycaemia results in a lower
glucose content in the human brain, but does not affect cerebral blood flow or global cerebral
energy demand and does not abolish cerebral glucose metabolism. All MR methods worked
sufficiently to allow implementation of these techniques for future studies on hypoglycaemia
in diabetic patients. Reference: [1] De Galan BE, et al., Diabetes 51 (2002).
Acknowledgements: We thank Aarnout Jansen van Rosendaal for assistance during the
hyperinsulinemic euglycemic-hypoglycemic clamps and financial support by the Dutch
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METABOLIC ABNORMALITIES PRECEDE PATHOLOGIC CHANGES IN THE
G93A SOD1 MOUSE MODEL OF ALS

Jon-Paul P. DiMauro, Lichuan Yang, Sara W. Fuller, Susan E. Browne
Department of Neurology, Weill Medical College of Cornell University, New York, NY, USA

Amyotrophic lateral sclerosis (ALS) is a devastating neurodegenerative disease characterized
by selective loss of CNS motor neurons, leading to rapidly progressing muscle weakness,
wasting, paralysis, and ultimately death. Multiple cell death pathways have been implicated in
ALS pathogenesis, but the causal event remains unknown. One hypothesis is that metabolic
dysfunction underlies pathogenesis, since alterations in energy metabolism and mitochondrial
function occur in patients. In addition, expression of mutant Cu,Zn-superoxide dismutase
(mSOD1), associated with approximately 25% of patients with familial ALS (fALS), can
induce mitochondrial abnormalities. To determine whether metabolic defects contribute to
disease onset in vivo, we examined the association between energetic defects and the onset of
symptoms and pathologic events in fALS transgenic mice over-expressing the G93A SOD1
mutation. We measured glucose use rates in 49 brain regions and 9 spinal cord regions in
conscious 60 and 120 day-old G93A mice (n=6/group) and wild-type littermates (n=9/group)
by quantitative [14C]-2-deoxyglucose autoradiography. Glucose utilization rates were
impaired in multiple brain components of the motor system in G93A mice as early as 60 days
of age. This precedes the first detectable pathologic changes in G93A mice (in spinal motor
neuron mitochondria at 70-80 days), and symptom onset (hind-limb weakness at 90-100 days;
mice die at 130-150 days). At 60 days, glucose use was reduced in components of the
corticospinal projection, notably primary motor cortex (Frl) layers I-l1l (innervation sites)
and V (projection zones) (-19%, p<0.005, Student’s unpaired t-test). A pattern of
hypometabolism also emerged in several areas synaptically associated with Frl, including the
pontine nuclei (-25%, p<0.05) and the pontine reticular formation (-17%, p<0.05) of the
bulbospinal pathway, and in several thalamic relay nuclei. In contrast, within the rubrospinal
pathway glucose use was significantly reduced in the red nucleus only at 120 days (-28%,
p<0.005), and sensorimotor cortical regions showed no alterations. In the spinal cord,
generally regarded as the crucial site of neurodegeneration in ALS, glucose metabolism
remained normal at 60 days, but was markedly impaired in cervical and thoracic grey matter
by 120 days. In an additional experiment, 21 month-old mice overexpressing human wildtype
SOD1 showed no alterations in cerebral or spinal cord glucose use with age, implying that the
changes detected in G93A mice are due to the SOD1 mutation rather than SOD1
overexpression. We also examined metabolite levels in G93A brain and spinal cord. HPLC
revealed depletions in ATP levels in the cerebral cortex of G93A mice concomitant with
glucose use changes, which was partially rescued by administration of creatine. Further,
cortical ATP levels were reduced by >40% as early as 30 days of age, implying that reduced
neuronal energy generation is an extremely early consequence of mSOD1 expression. In
conclusion, these studies demonstrate that energetic defects occur earlier than any other
pathogenic processes reported to date in G93A mice, and suggest that dysfunction within the
corticospinal projection may precede alterations in spinal neurons in this ALS model. Overall,
results support a critical role for metabolic dysfunction in the pathogenesis of ALS.
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MODES OF BRAIN OPERATION

Manouchehr S. Vafaee, Albert Gjedde

Center of Functionally Integrative Neuroscience, PET Center, Aarhus University Hospital,
Aarhus, Denmark

Background: Functional neuroimaging studies generally discard the control state in
comparisons with an activation state. The difference is said to be the work associated with an
incremental cognitive task. To ignore the activity of a control state is then meaningful only if
the brain truly is at rest in that condition. However, in principle, the restful baseline state is
equal neither to a default state of absent experimentation, nor to an arbitrary control state of a
given experimental comparison. Although blood flow (CBF) is the conventional marker of
brain activity, oxygen consumption (CMRO2) is a better index of energy turnover. Raichle et
al (PNAS, 2001) define the default mode as the state consistent with the globally average
oxygen extraction (EO2). To assign labels of baseline, control or default state to experimental
conditions of awake volunteers, we contrasted CBF, CMRO2 and EO2 in two PET studies.
Materials and Methods: In the first study, 12 volunteers underwent PET motor activation
studies with control CBF as the first scan of the first session and control CMRO2 as the first
scan of the second session. Eyes were closed with an eye-patch. In the second study, 12
subjects fixated a cross-hair during all scans. Absolute magnitudes of CMRO2 and CBF were
determined with two-compartment weighted-integration and mean subtracted image volumes
were converted to z-statistic volume. Results: Subtraction of the state of eyes-closed from the
state of eyes-open yielded significant bilateral CBF increases in medial frontal gyrus, insula,
thalamus, anterior cingulate, superior parietal lobe, lateral front-orbital cortex, right precentral
gyrus, lateral occipitotemporal gyrus, cuneus, and extrastriate visual cortex, while CMRO2
increased significantly at sites in right lingual gyrus (BA 17/18), precentral gyrus, and
superior parietal lobe that did not coincide with the sites of CBF increase. Discussions: The
direction of change of EO2 from 40% is said to be the index of a functional state’s relation to
the default state. In the present study, however, EO2 declined at the sites of CBF increase,
and increased at the separate sites of CMRO2 increase. Thus, during the control state of eyes-
closed, neurons in middle frontal gyrus, occipitotemporal area, and cingulate cortex went to
rest in terms of CBF, while other neurons in striate cortex and precentral gyrus went to rest in
terms of CMRO2 when not in the state of eyes-open. Therefore, the condition of having
closed eyes is likely to be a more inactive state and hence a baseline in most brain regions
involved. In contrast, the default state of striate cortex and precentral gyrus appears to be the
condition of having open eyes, while the default state of the middle frontal gyrus,
occipitotemporal area, and cingulate cortex is likely to be the condition of closed eyes. We
interpret this to mean that little information is transmitted from primary visual cortex to these
regions in the default mode.
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ACTIVITY-DEPENDENT OXYGEN TRANSIENTS IN RAT CEREBELLAR CORTEX
ARE BLOCKED BY SYNAPTIC INHIBITION
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Introduction: One of the most exciting issues in neuroscience is the exploration of the
complex interaction between excitatory and inhibitory activity in activated brain regions and
the associated vascular and metabolic signals. In this study we explored the effect of tonic
synaptic inhibition on activity-dependent rises in oxygen consumption evoked by stimulation
of the excitatory, glutamatergic climbing fiber system in the rat cerebellum. Materials and
Methods: Experiments were carried out in male a-chloralose-anesthetized Wistar rats (250-
350g). Synaptic activity, measured as local field potentials (LFPs), was recorded with a glass
microelectrode. Tissue pO2 was recorded with a modified Clark-type polarographic oxygen
microelectrode. Muscimol, a selective GABA A receptor antagonist, was used to induce tonic
inhibition of Purkinje cells (PCs). Excitation was evoked by stimulation of climbing fibers
(CF) at 5, 7.5 and 10 Hz for 15 s. To express neuronal activity in terms of synaptic activity
produced by one stimulation train, the summed LFP (3. LFP) were calculated. Results:
Control stimulations of CFs at 5, 7.5 and 10 Hz evoked ) LFPs of 26.5, 35.5 and 44.2 mV,
respectively. The tpO2 responses were either mono- or biphasic, composed of an initial
negative phase and at higher frequencies also of a late positive phase (n=5). During control
stimulations the area of the negative phase amounted to -26+9 %, -31£10 %, and -51+7%,
respectively (n=5), indicating that oxygen consumption increased proportional to the increase
in synaptic activity. After application of muscimol, the negative areas decreased markedly to
4+3%, 2+2% and 1+1%. This finding was unexpected and indicated that synaptic inhibition
strongly attenuated oxygen consumption evoked by excitation. The averaged LFP amplitudes
increased from 5.2 + 0.7 mV to 7.1 £ 0.9 mV for stimulations at 10 Hz (n=5), suggesting an
increased work load on the PCs. The increase in LFP amplitude can be explained by an
increased driving force for the transmembrane synaptic currents, due to the hyperpolarization
that is produced when the GABA A receptors are activated. The shape of the LFPs also
changed - the late positive wave, which indicates the occurrence of a calcium-activated
potassium efflux was abolished suggesting that the rise in intracellular calcium which
normally accompanies activity at the climbing fiber-Purkinje cell synapse was blocked.
Conclusion: Abrogation of oxygen consumption by synaptic inhibition is a previously
unknown mechanism for the regulation of brain oxidative metabolism. We hypothesize that
oxygen consumption under normal conditions may be evoked by synaptic excitation, and
controlled by signalling processes related to increases in intracellular Ca2+ that are sensitive
to synaptic inhibition.
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Introduction: Long-term potentiation (LTP), accepted cellular correlate of memory and
learning, is compromised by hypoglycemia without altering basal synaptic transmission in
rats [1]. When glucose utilization is compromised, other sources of energy may be beneficial
in maintenance of neuronal function important for basal synaptic transmission as well as for
more sensitive functions such as learning and memory. We previously reported that acute
exposure of rat hippocampal slices to stress levels of the glucocorticoid (GC) corticosterone
(CT) exacerbates ischemic neuronal damage in vitro [2]. The present study was designed to
investigate differences between glucose- and lactate-supported LTP in the presence of CT.
Methods: Hippocampal slices (400 um) were prepared from ether-anesthetized rats as
described elsewhere [3], placed in an interface incubation/recording chamber, perfused with
aCSF containing either glucose (5 or 10 mM) or lactate (10 mM) and maintained at 340C
under 95% 02/5% CO2 atmosphere. After 90 min incubation, extracellular recordings of
orthodromically-evoked CAL population spike (PS) were ensued. Upon establishing a
stabilized baseline of neuronal activity (PS) at maximal stimulus strength (~10 V), the
stimulating voltage was reduced to produce PS amplitudes approximately 50% of maximum
(5-6 mV). LTP was induced by a 2 s-long 100 Hz train of electrical pulses at the reduced
voltage. We considered a PS amplitude >125% of baseline to be a successful LTP induction.
When LTP was induced, it was monitored for 30 min. A slice in which LTP could not be
maintained for 30 min was counted as one that failed to exhibit LTP. Statistical analysis of
data on slice function between groups (N=6/group) was performed using paired t-test.
Changes within and between groups were considered statistically significant when the P value
was equal or smaller than 0.05. All data are expressed as the mean + SEM. Results: The
ability to induce and maintain LTP in glucose-supplemented (5 mM) slices exposed to CT (1
uM, for 90 to 240 min) was significantly diminished compared to lactate-supplemented (10
mM) slices (p<0.001). Moreover, the sensitivity of glucose supported LTP to CT was
ameliorated by treatment with RU486 (5 puM), a potent CT receptor antagonist (p<0.01),
demonstrating that the effect of CT on LTP is receptor-specific (Figure 1). When glucose
level was raised to 10 mM, the observed deleterious effects of CT on LTP were abolished.
Conclusion: This study indicates that chronic elevation in CT levels compromises glucose-,
but not lactate-supported LTP. Therefore, we concluded that lactate is a viable energy
substrate capable of sustaining sensitive brain functions involved in neuronal plasticity when
glucose metabolism is compromised. References: [1] Izumi et al., Neurosci Lett 232:17-20,
1997; [2] Payne et al., Neuroreport 12:1261-1263, 2001; [3] Schurr et al., J Neurosci
19(1):34-39,1999.
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Background and Purpose: Glucose has been thought as the principal metabolic substrate of
the brain. However, Magestritti et al. proposed an astrocyte-neuron lactate shuttle hypothesis,
which claims the metabolic role of lactate in the brain, especially in neurons(1). This model
hypothesizes that neuronal activation stimulates the anaerobic production of lactate in
neighboring astrocytes. The produced lactate in astrocytes is then transferred to the neuron,
which then uses the lactate as an energy substrate aerobically. However, this hypothesis has
not been clearly elucidated yet. Therefore, in this study, the role of lactate was evaluated by
“Bioradiography” system with 2-deoxy-2-[18F]fluoro-D-glucose ([18F]FDG.), which is a
positron emitting radiotracer for glucose metabolism measurement. “Bioradiography” is the
dynamic living brain slice imaging system for positron-emitter labeled compounds. We
investigated the brain energy metabolism under steady state and neural activated conditions.
Methods: The “Bioradiography” was performed according to the method of Murata et al.(2).
Two groups of rat brain slices were incubated with [18F]FDG in oxygenated Krebs-Ringer
solution (including 10 mM glucose) for 150min. To the one group, 0.5 mM of lactate
transporter inhibitor, alpha-cyano-4-hydroxycinnamate (4-CIN), was loaded (4-CIN group,
n=8), and to the other group, this inhibitor was not added (control group, n=7). 4-CIN inhibits
the lactate transport to neuron via monocarboxylate transporter-2 (MCT2). After 60min
incubation, 50 mM KCI was added to both groups to activate the neuronal metabolism.
During the incubation, serial [L8F]FDG images of the slices were obtained on imaging plates
at every 10min. [18F]FDG uptake rate (R) was obtained from the slope of time activity curve.
The lactate concentration of the incubation medium was also measured in every 20min.
Results: [18F]FDG uptake increased with time in both 4-CIN added and control conditions.
No significant difference was observed in the [18F]FDG uptake rate between both conditions
before KCI addition (R=0.013 min-1 for both 4-CIN and control group). These observations
suggest that neurons do not use exogenous lactate as a dominant energy substrate in steady
state. On the other hand, KCI elevated the uptake rate in both 4-CIN and control group, but
increased extent was significantly larger for the 4-CIN added condition (R=0.075 min-1 for 4-
CIN and 0.040 min-1 for control group). This indicates that activated neuron consume lactate
for energy substrate. The lactate concentration in the incubation medium was increased with
KCI treatment in both groups and the extent was slightly greater in 4-CIN group. Conclusion:
These results suggested that: 1. The brain mainly uses glucose, not lactate, as an energy
substrate in steady state. 2. When neuron is stimulated, excess amounts of lactate are
produced in astrocytes and the lactate is mobilized as an energy substrate. References: P. J.
Magistretti et al. Science 1999;283(5401):496-7. T. Murata et al. J Neurol Sci
1999;164(1):29-36.
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INTRODUCTION: In the adult brain cerebral energy metabolism has been functionally
compartmentalized using the barbiturate thiopental into active part, associated with
electroencephalographic (EEG) activity, and the balance, basal component, associated with
the maintenance of neuronal viability. It has been shown that whole-brain estimation in adult
monkeys showed an active:basal distribution of approximately 50:50 for CMRO2, 40:60 for
CBF, and 60:40 for CMRGIluc. However, similar studies have not been done in the immature
brain. Moreover, we asked whether or not re-gional differences exist. METHODS:
Experiments were performed on 14 newborn (age: 2 — 5 days) and 11 juvenile (age: 6 — 7
weeks) pigs. Animals were anesthetized and artificially ventilated. Several arterial, venous
and sagittal sinus cathe-ters were inserted for taking blood pressure measurements and
obtaining blood samples. ECoG recording was per-formed using 2 screw electrodes, inserted
above the parietal cortex bilaterally. A left thoracotomy was performed through the third
intercostal space and a catheter was inserted into the left auricle for injection of colored
microspheres for re-gional CBF measurement. CMRO2 was calculated as forebrain CBF x
avDO2. Regional CMRGIuc was estimated by 18FDG and positron emission tomography. 7
newborn and 5 juvenile pigs served as sham-operated control. In remaining animals and after
an initial measurement of CBF and CMRO2 under baseline conditions, burst suppression
(BS) ECoG was induced by infusion of thiopental (TP, 50 mg/ml; 0,2 ml/ min x kg b.w.). 30
min later 18FDG (100 -250 MBq) was infused in all animals and regional CMRGIluc was
estimated for 60 min. RESULTS: Under baseline conditions, CBF of newborn pigs was
increased by ~20% (p< 0.05), whereas CMRO2 was similar in both age groups. Regional
CMRGluc, however, was markedly reduced in all brain regions between 22% and 30% in
newborn piglets (p < 0.01). BS induced a similar reduction in CBF (by ~50 %) and CMRO2
(~56-61%) in both groups (p < 0.05). Juvenile pigs exhibited a compa-rable CMRGluc
reduction in all brain regions studied, with the most pronounced suppression in forebrain
regions (~63%), whereas midbrain and cerebellum showed a diminished reduction of 73 and
80% of control (p < 0.05). In contrast, new-born piglets showed a BS-induced suppression of
CMRGluc only in the forebrain regions, whereas brain stem and cere-bellum did not show
changes in CMRGIuc. In addition the amount of CMRGIuc suppression in newborn piglets
was markedly diminished in all brain regions compared with the older animals (p < 0.05).
CONCLUSION: There is a regional difference in active:basal distribution of brain cerebral
energy metabolism even in the mature brain as estimated by re-gional CMRGIluc under
normal conditions vs. BS. Brain immaturity aggravates these regional differences, because
brain stem and cerebellum does not respond with CMRGIluc reduction during thiopental-
induced BS. Thus, compartmentaliza-tion is less developed in early postnatal period, possibly
due to an immature state of dendritic development and synapto-genesis. It can be speculated



that neuroprotective procedures which influence prominently the basal component of brain
energy metabolism may be preferred in the immature brain.
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Introduction Development of cognitive enhancing drugs for the treatment of conditions
ranging from mild cognitive impairment to Alzheimer’s disease represents a valuable task. A
family of compounds known as ampakines are potential candidates. Despite clear-cut effects
on excitability, their influence on brain energy metabolism has not been explored. Methods
Deoxyglucose uptake and lactate release were measured in primary cultures of mouse
astrocytes prepared from cortex, hippocampus or cerebellum. Immunocytochemistry was
performed with primary antibodies targeted against each AMPA receptor subunit type and
revealed by epifluorecence microscopy. Results and Discussion Glutamate was previously
shown to enhance aerobic glycolysis i.e. increase glucose utilization and lactate production
with no change in oxygen levels, in mouse cortical astrocytes by a mechanism involving
glutamate uptake. It is reported here that a similar response is produced in both hippocampal
and cerebellar astrocytes. Application of the cognitive-enhancing drug CX546 promoted
further enhancement of glucose utilization by astrocytes from each brain area upon glutamate
exposure. AMPA receptors represent the purported molecular target of cognitive-enhancing
drugs like CX546 and the presence of AMPA receptor subunits GIuR1-4 was evidenced in
astrocytes from all three regions by immunocytochemistry. AMPA itself did not stimulate
aerobic glycolysis but in presence of CX546 a strong enhancement of glucose utilization and
lactate production was obtained in cortical, hippocampal and cerebellar astrocytes. The effect
of CX546 was concentration-dependent with an EC50 of 93.2 uM in cortical astrocytes.
AMPA-induced glucose utilization in presence of CX546 was prevented by the AMPA
receptor antagonist CNQX and the negative modulator GYKI 52466. In addition, the
metabolic effect of CX546 in presence of AMPA was mimicked by the AMPA receptor
modulator cyclothiazide. Our data suggest that astrocyte energetics represents a novel target
for cognitive-enhancing drugs acting as AMPA receptor modulators
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The coupling between synaptic activity and glucose utilization (neurometabolic coupling) is a
central physiological principle of brain function which has provided the basis for 2-
deoxyglucose-based functional imaging with PET (1). About ten years ago we provided
experimental evidence indicating a central role of astrocytes in neurometabolic coupling (2).
The basic mechanism in neurometabolic coupling is the glutamate-stimulated aerobic
glycolysis in astrocytes, such that the sodium-coupled reuptake of glutamate by astrocytes and
the ensuing activation of the Na-K-ATPase triggers glucose uptake and its glycolytic
processing, resulting in the release of lactate from astrocytes. Lactate can then contribute to
the activity-dependent fuelling of the neuronal energy demands associated with synaptic
transmission (3). Analyses of this coupling have been extended in vivo (4,5), and recently
have also defined the modalities of coupling for inhibitory neurotransmission as well as its
spatial extent in relation to the propagation of metabolic signals within the astrocytic
syncytium (6,7). On the basis of a large body of experimental evidence (for a recent review
see 8,9) we have proposed an operational model, 'the astrocyte-neuron lactate shuttle' (10,11),
which has stimulated discussions in the field (12,13). Recently a series of results obtained by
independent laboratories has provided further support for this model (14 -16). This body of
evidence provides a molecular and cellular basis for interpreting data obtained with functional
brain imaging studies. 1) Sokoloff L, Reivich M, Kennedy C, Des Rosiers MH, Patlak CS,
Pettigrew KD, Sakurada O, Shinohara M.(1977) J Neurochem 28:897-916. 2) Pellerin, L. and
Magistretti, P.J. (1994) Proc Natl Acad Sci (USA) 91:10625 — 10629 3) Magistretti, P.J. and
Pellerin, L. (1999) Phil Trans R Soc London B 354:1155-1163. 4) Cholet, N., Pellerin, L.,
Welker, E., Lacombe, P., Seylaz, J., Magistretti, P. and Bonvento, G. (2001) J Cereb Blood
Flow Metab 21:404 — 412 5) Voutsinos-Porche, B., Bonvento, G., Tanaka, K., Steiner, P.,
Welker, E., Chatton, J.-Y., Magistretti P.J. and Pellerin, L. (2003) Neuron 37:1-20. 6)
Chatton, J.-Y., Pellerin, L. and Magistretti, P.J. (2003) Proc Natl Acad Sci USA 100:12456-
12461 7) Bernardinelli, Y., Magistretti, P.J., Chatton, J.-Y. (2004) Proc Natl Acad Sci USA
101:14937-14942. 8) Pellerin, L. and Magistretti, P.J. (2003) J Physiol. 546:325. 9) Pellerin,
L. and Magistretti, P.J. (2004) J Cereb Blood Flow Metab 11:1240-1241. 10) Bittar, P.,
Charnay, Y., Pellerin, L., Bouras, C. and Magistretti, P.J. (1996) J Cereb Blood Flow Metab
16:1079-1089. 11) Pellerin,L., Pellegri, G., Bittar, P.G., Bouras, C., Martin, J.-L., Stella, N.
and Magistretti, P.J. (1998) Dev Neurosci. 20:291 - 299. 12) Gjedde, A., Marrett, S. and
Vafaee, M. (2002) J Cereb Blood Flow Metab 22:1-14 13) Chih and Roberts (2003) J Cereb
Blood Flow Metab 23:1263-1281 14) Porras, O.H., Loaiza, A. and Barros, L.F. (2004) J
Neurosci. 24:9669-9673 15) Serres, S., Bezancon, E., Franconi, J.M. and Merle, M. (2004) J
Biol Chem 279:47881-47889 16) Kasischke, K.A., Vishwasrao, H.D., Fisher, P.J., Zipfel,
W.R. and Webb, W.W. (2004) Science 305:99-103



76

THEORETICAL SUPPORT FOR THE ASTROCYTE-NEURON LACTATE SHUTTLE
HYPOTHESIS. I. MODELING NEURONAL AND ASTROCYTIC NADH/NAD+
KINETICS

Agnés Aubert®, Luc Pellerin', Pierre J. Magistretti®, Robert Costalat®

'Department of Physiology, University of Lausanne, Lausanne, Switzerland
2UMRS 678, Université Pierre et Marie Curie, Paris, France
®Brain and Mind Institute, EPFL, Lausanne, Switzerland

Introduction The question of the compartmentalization of brain energy metabolism has been
the subject of intense debate for the past decade, with the astrocyte-neuron lactate shuttle
(ANLS) hypothesis, proposed by Pellerin and Magistretti [1], which assumes that astrocytes
can provide lactate as an energy fuel to neurons. Some authors challenged this hypothesis,
defending the classical view that glucose is the major energy substrate of neurons, at rest as
well as in response to a stimulation [2]. An important aspect of this discussion is the role that
NADH might play in brain energy metabolism, since it is produced by glycolysis and both
consumed by lactate dehydrogenase-catalyzed reaction and by mitochondria. In order to
assess neuronal and astrocytic NADH/NAD+ ratio changes and then test the ANLS
hypothesis from a theoretical point of view, we developed a mathematical model of
compartmentalized energy metabolism between neurons and astrocytes [3]. Method On the
basis of a previously validated model [4], which describes the relationships between brain
activation, energy metabolism and hemodynamics within the brain tissue, we distinguished
between neuronal, astrocytic, extracellular and vascular compartments. We adopted
hypotheses highly unfavorable to ANLS, e.g. we assumed that at steady state neurons do not
take up lactate and the regulation of mitochondrial activity is the same in both neurons and
astrocytes. Most variable and parameter values were chosen to be the same for neurons and
astrocytes, except a moderate lactate efflux from astrocytes at rest, and a slightly higher
NADH/NAD+ ratio in astrocytes at rest. Results and Discussion Simulation results can be
divided between two groups, depending on the relative neuron versus astrocyte stimulation. If
this ratio is low, ANLS is observed during all the stimulus and post-stimulus period
(continuous ANLS), but a high ratio induces ANLS only at the beginning of the stimulus and
during the post-stimulus period (triphasic behavior). Finally, our results show that (i) current
experimental data on brain lactate kinetics [5;6] are compatible with the ANLS hypothesis,
and (ii) occurrence of ANLS may greatly depend on the neuronal and astrocytic
NADH/NAD+ ratio changes. These theoretical results are fully consistent with the recent
experimental data of Kasischke et al. [7], who used a two-photon fluorescence imaging of
NADH in hippocampal slices. These authors showed that, in response to a short activation,
dendrites undergo an early oxidation, followed by a significant reduction in astrocyte
cytoplasm. This sequence of events agrees with a net lactate transfer between astrocytes and
neurons as predicted by the ANLS. This work was supported by the Fondation pour la
Recherche Médicale and the ACI 'Neurosciences Intégratives et Computationelles' (French
Ministry of Research). Reference 1. Pellerin and Magistretti (1994) Proc. Natl. Acad. Sci.
USA 91:10625 2. Chih and Roberts (2003) J. Cereb. Blood Flow Metab. 23:1263 3. Aubert
and Costalat (2005) J. Cereb. Blood Flow Metab., in press 4. Aubert and Costalat (2002)
Neurolmage 17:1162 5. Hu and Wilson (1997) J. Neurochem. 69:1484 6. Mangia et al. (2003)
Neurosci. 118:7 7. Kasischke et al. (2004) Science 305:99
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Oxygen deprivation, a major characteristic of ischemia, leads to complex metabolic changes,
and is likely to play a central role in the pathogenesis of cerebrovascular diseases. Our work
focuses on the mechanism of cultured astrocytes response to an acute exposure to chronic
hypoxia (one day), or to a long term hypoxic environment (3 weeks), in terms of energy
metabolism. To examine the mechanisms of astrocytes regulation of energy metabolism
during hypoxic conditions, cells were exposed to two different experimental conditions: (1)
acute hypoxia by exposing astrocytes to one day of chronic hypoxia (5% 02), and (2) the
adaptation of astrocytes to hypoxia by exposing the cells to chronic hypoxia for three weeks.
Our results showed: (1) Astrocytes subjected to one day of chronic hypoxia increased glucose
consumption. In addition, overall protein synthesis was decreased without decrease of cells
number. (2) In contrast, astrocytes subjected to chronic hypoxia during 3 weeks decreased
their glucose consumption. In addition, overall protein synthesis was decreased without
decrease of cells number. (3)  Increased glucose uptake after one day hypoxia is not
inhibited by the sodium-independent transport inhibitor cytochalasin B, suggesting a role for
the sodium glucose-linked transporter SGLT1 in this increased uptake. Our study shows for
the first time SGLT1 expression in astrocytes. Quantitative RT-PCR showed that expression
of both the facilitative glial glucose transporter GLUT1 and SGLT1 correlates with glucose
consumption during hypoxia. In addition, expression of GLUT1 and SGLT1 mRNA in
astrocytes was decreased following 3 weeks hypoxia. (4) Lactate production was also affected
depending on the duration of exposure to hypoxia. The relatively short-term exposure to
hypoxia (one day) resulted in increased lactate release that could provide energy to neurons.
In contrast, decreased lactate release was detected after a long exposure to hypoxia, with less
lactate available to neurons as an energy substrate. This finding suggests that hypoxia-induced
lactate deficiency in astrocytes may results in neuronal energy deprivation. Hypoxia-induced
energy metabolism alteration in astrocytes first increases lactate release followed by a
decrease of lactate availability impairing both astrocytic and neuronal survival. Future studies
in our laboratories will explore potential disruption of neuronal-astrocytic interactions and
other aspects of brain energetic and metabolism that could contribute to hypoxia-induced
neurodegeneration.
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Local alterations of brain energy metabolism one of the features of neurodegenerative
desorders, notably of Alzheimer’s disease (AD), for which both amyloid peptide and
inflammation have been shown to play a significant role. The aim of the present study was to
investigate the effects of pro-inflammatory cytokines (TNFa and II-1R) and beta-amyloid (AR)
on glucose metabolism in primary cultures of mouse cortical astrocytes. We observed that
TNFa (0.25ng/ml) increases glucose utilization, as assessed by the [3H]2-deoxyglucose
uptake technique. This effect was detectable within hours, thus after 48 hours of stimulation
(reference time) the increase reached +80%. TNFa induced a decrease in lactate release (-
40%). Beta-amyloid (AR25-35, 25 microM) produced a different metabolic pattern: it caused
a lesser increase in glucose utilization (+40%) and a slight increase of lactate release (+20%).
Very similar effects were observed with II-18 (20ng/ml), another pro-inflammatory cytokine.
When combined, TNFa, 1l-18 and AR acted synergistically on glucose utilization (+220%).
No effect on lactate release was observed. Under these conditions treatment of either pro-
inflammatory cytokines or Abeta peptide were not toxic to astrocytes as assessed by MTT
oxidation and LDH release assays. Taken together these results suggest that both pro-
inflammatory cytokines and beta-amyloid peptide strongly modulate astrocyte glucose
metabolism. Moreover the observation of different metabolic patterns induced by these
factors could indicate alternative fates for glucose.
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Introduction: The mechanisms underlying the coupling between neuronal activation and
changes in cerebral metabolism and cerebral blood flow (CBF) are still incompletely
understood. There is still a debate regarding the relation of increases in cerebral metabolic
rate of oxygen (CMRO?2) and CBF changes during functional activation. We here examined
the influence of infraorbital nerve stimulation on the relationship between oxygen
metabolism, synaptic activity and CBF in rat sensory cortex. Our working hypothesis was that
attenuation of the evoked CBF responses would unmask the initial dip in the tissue oxygen
tension produced by increases in synaptic activity. This was based on the assumption that
increases in CBF during activation clouds the initial dip by acutely increasing oxygen supply
to the tissue. Methods: Partial pressure of tissue oxygen (tpO2) was measured using a Clark-
type O2 microelectrode (tip diameter between 3-4um). CBF was recorded by laser-Doppler
flowmetry. Electrophysiological recordings of local field potentials and spike activity were
made using glass microelectrodes. All experiments were carried out using an open cranial
window preparation in isoflurane and a-chloralose anaesthetized adult male Wistar rats. We
used stimulation trains of 4s duration at increasing frequencies from 0.25 to 6 Hz at 1.5mA.
Evoked CBF responses were attenuated by the combined use of nitric oxide synthase (NOS)
inhibition with 7-Nitroindazole (7-NI) and the non-selective cyclooxygenase (COX1 and
COX2) inhibitor (Indomethacin, INDO). Results: Stimulation consistently increased synaptic
excitatory activity as evidenced by an increase in the summed LFP amplitudes (XLFP). At the
same time CBF increased frequency-dependently. The stimulus-induced tpO2 responses were
extremely variable. The changes in tpO2 often consisted only of a positive peak, on other
occasions the tpO2 responses were biphasic with both an initial decrease in tissue pO2
followed by a longer lasting positive peak. Pure oxygen dips were not observed. 7NI and
INDO significantly attenuated the evoked CBF responses and the positive peak of the pO2
signals. Surprisingly, abolition of the CBF responses did not enhance or produce oxygen
‘dips’. In contrast, negative tpO2 signals, if present before drug treatment, were attenuated.
Conclusion: The initial ‘dip’ of tpO2 in the sensory cortex is independent of the
accompanying rise in CBF. In comparison, oxygen ‘dips’ are common in the cerebellar
cortex, and in this brain region changes in tpO2 depends strongly on CBF. This may point to
differences in capacity and regulation of oxygen consumption among brain regions. Grant
support: Supported by the Lundbeck Foundation and the NOVO-Nordisk Foundation.
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Maintaining near constant brain temperature (Tt) over a wide range of metabolic activity is
critical for normal brain function [1]. However brain temperature is an often ignored
parameter in neuroscience and clinical studies. Time-dependent variations in Tt are likely to
be caused by fluctuations of CBF and CMRO2, both of which are seemingly coupled to
alterations in neuronal activity. To this end, we combined magnetic resonance, optical
imaging, temperature sensing, and electrophysiological methods in a-chloralose anesthetized
rats to obtain multi-modal measurements during forepaw stimulation. Localized changes in
neuronal activity were co-localized with regional increases in Tt (by ~0.2%), CBF (by ~95%),
and CMRO2 (by ~73%). The time-to-peak for Tt (42+11 s) was significantly longer than
those for CBF and CMRO2 (5+£2 and 1844 s, respectively). Net heat (Qnet) in the region of
interest (ROI) was modeled as being dependent on the sum of heats attributed to changes in
CMRO2 (Qm) and CBF (Qf) as well as conductive heat loss from the ROI to neighboring
regions (Qc) and to the environment (Qe). Although tissue cooling due to Qf and Qc can
occur and are enhanced during activation, the net increase in Tt corresponded to a large rise in
Qm, whereas effects of Qe can be ignored. The study shows that Tt increases slowly (by ~0.1
C) during physiologic stimulation in a-chloralose anesthetized rats. Since the potential
cooling effect of CBF depends on the temperature of blood entering the brain, Tt is mainly
affected by CMRO2 during functional challenges. While the importance of the “uncoupling”
between changes in CMRO2 and CBF and the temperature of arterial blood for the cooling
efficiency of the brain are obvious, our current experimental and theoretical results reveal the
significance of the resting CBF and more importantly resting CMRO2 for temperature
regulation in the brain. Although the changes in brain temperature recorded for the entire
study were spread over a wide range, the stimulation-induced change of ~0.1 C in the ROI
was significant for the majority of the experiments. The small changes in Tt were
reproducibly measured from layer 4 of the rat’s somatosensory cortex where the highest
neural activity changes (induced by forepaw stimulation) were localized. The current
temperature measurements from the brain are in accord with previous functional studies in
animals [2,3]. This is the first study which provides a neuroenergetic basis of regional
temperature changes in the brain. The results have implications for functional studies and
temperature regulation. Supported by NIH (DC-003710, MH-067528) and NSF (DBI-
0095173) grants. [1] Baker MA (1982) Ann Rev Physiol 44:85-96. [2] McElligott JG,
Melzack R (1967) Exp Neurol 17:293-312. [3] Melzack R, Casey KL (1967) Exp Neurol
17:276-292.
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HYPEROXIDATION OF NAD(P)H REDOX STATE AFTER ANOXIA AND
REOXYGENATION: EFFECTS OF NITRIC OXIDE AND PARP-1 INHIBITION

Sibel Kahraman, Gary Fiskum

Department of Anesthesiology, University of Maryland School of Medicine,
Baltimore, MD, USA

Background: A detailed description of acute changes in neuronal mitochondrial metabolism
during and after anoxia is essential for understanding how metabolic dysfunction contributes
to the pathogenesis of ischemia/reperfusion. Studies with cultured neurons are typically
performed under relatively high PO2 values that do not simulate clinical ischemic conditions.
We established a fluorescence microscopy perfusion system that induces true metabolic
anoxia, as validated by measurements of the autofluorescence of endogenous reduced
NAD(P)H (1). This system was used to test the hypothesis that metabolic anoxia and
reoxygenation is associated with hyperoxidation of NAD(P)H, an event that can limit
neuronal energy metabolism and impair detoxification of reactive oxygen species. Methods:
Primary cultures of rat cortical neurons were placed in a closed micro-perfusion chamber (2)
and subjected to oxygen-glucose deprivation for 30-45 min at 37°. Oxygen was displaced by
continuous infusion of ultra-high purity argon in the perfusate and the chamber. The PO2 of
the perfusate in the chamber was monitored continuously by a Optronix Oxylite fiber-optic
microprobe. When added, DETA-NO (25 uM) was present in the perfusate as a NO donor to
increase the Km of cytochrome oxidase for O2. NAD(P)H autofluorescence was measured at
355 nm excitation and 460 nm emission wavelengths using a ORCA-ER cooled digital CCD
camera (Hamamatsu Photonics, Hamamatsu, Japan) mounted on a Nikon Eclipse TE2000-S
inverted microscope (Nikon Corp.,Japan). Results: Perfusate PO2 values fell to < 0.4 mm Hg
within 5 min after the chamber was exposed to argon and the argon-flushed perfusate. This
level of hypoxia was associated with an increase in NAD(P)H fluorescence to a level
equivalent to the maximum obtained in the presence of 1 mM KCN. Fluorescence remained
high in the presence of glucose; however, when glucose was substituted with 2-deoxyglucose,
fluorescence declined toward the minimum value observed in the presence of the respiratory
uncoupler FCCP. While the presence of 25-200 uM DETA-NO alone had no effect on
NAD(P)H fluorescence, 200 uM DETA-NO exacerbated the decline observed during
chemical anoxia induced with KCN. Subsequent removal of KCN, or reoxygenation of cells
after oxygen/glucose deprivation caused a further NAD(P)H hyperoxidation. This
hyperoxidation observed in the absence or presence of DETA-NO and the accelerated decline
in fluorescence observed during KCN treatment with DETA-NO was diminished by exposure
of cells with a specific PARP-1 inhibitor, DPQ. Conclusions: 1. True metabolic anoxia in
vitro, as defined by a maximum reduced shift in NAD(P)H redox state, requires a very low
PO2 and (or) a level of NO sufficient to severely limit the consumption of oxygen by
cytochrome oxidase. 2. Maintenance of reduced NAD(P)H during anoxia is dependent on
glycolysis. 3. Hyperoxidation of NAD(P)H is exacerbated by NO, possibly due to PARP-1
dependent degradation of pyridine nucleotides. Acknowledgments: Supported by NIH
RO1NS34152 and HD16596 References: 1. Chance B. Methods Enzymol, 2004; 385:
361-370 2. Ince C, Beekman RE, Verschragen G. J Immunol Methods, 1990; 128: 227-234
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ACTIVITY-INDUCED TISSUE OXYGENATION CHANGES IN RAT CEREBELLAR
CORTEX: INTERPLAY OF POSTSYNAPTIC ACTIVITY AND CEREBRAL BLOOD
FLOW

Nikolas Offenhauser?, Kirsten Thomsen®, Kirsten Caesar®, Martin Lauritzen 2

'Department of Medical Physiology, Copenhagen University, Copenhagen, Denmark
Department of Clinical Neurophysiology, Glostrup Hospital, Glostrup, Denmark

Neuronal activity, cerebral blood flow, and oxygen consumption are all strongly coupled,
although the mechanisms behind remain unclear. We examined this coupling in rat cerebellar
cortex by simultaneously recording local field potentials, tissue oxygen partial pressure
(tpO2), and CBF using laser-Doppler flowmetry. Stimulation of the monosynaptic, excitatory
climbing fiber system evoked activity-dependent increases in synaptic activity and blood
flow, and biphasic tissue pO2 responses. Relating parameters of the initial negative tpO2
response to changes in synaptic activity revealed that the disappearance rate of oxygen in the
tissue varied as a linear function of synaptic activity, while the area of the negative tpO2
response saturated at high levels of synaptic activity. Following the initial oxygen dip, tpO2
increased as a non-linear function of synaptic activity, paralleling the steep rise in blood flow
at high levels of synaptic activity. Attenuation of the activity-dependent rise in blood flow by
NNOS inhibition enlarged the negative tpO2 response and decreased the positive tpO2
response. These findings imply that the activity-induced reduction in tpO2 is counteracted by
an increase in oxygen supply due to the rise in CBF. They also support the hypothesis that the
positive tpO2 response is an overshoot caused by the evoked increase in CBF. Blockade of
glutamatergic AMPA receptors with CNQX abolished synaptic activity, and CBF and tpO2
responses. We suggest, that in the cerebellum activity-dependent increaes in oxygen
consumption can be recorded as the disapperance rate of oxygen in the tissue, and that oxygen
consumption increases as a linear function of activity in postsynaptic cellular elements
without evidence for a threshold. Our results provide new fundamental insights into the
regulation of oxygen consumption during activation, showing direct coupling of activity in
postsynaptic AMPA receptors to oxygen consumption.
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RELATIONSHIP BETWEEN BRAIN MICROCIRCULATORY BLOOD FLOW,
HEMOGLOBIN OXYGENATION AND MITOCHONDRIAL NADH UNDER
HYPERBARIC OXYGENATION

Elhanan Meirovithz, Judith Sonn, Avraham Mayevsky

Faculty of Life Sciences, The Leslie & Susan Gonda, Multidisciplinary Brain Research
Center, Bar-llan University, Ramat-Gan, Israel

Background: Real time evaluation of brain mitochondrial function using NADH fluorometry
In vivo is widely documented. Nevertheless, the identification of the exact NADH redox state
status in the brain In vivo was never determined. Also, the relationship between
microcirculatory blood flow, hemoglobin oxygenation (HbO2) and mitochondrial NADH was
rarely measured. The availability of such data will add significant information to the
understanding of brain energy metabolism. Objective: In this study we tested the effect of
maximal In vivo oxygenation of hemoglobin in brain microcirculation, induced by hyperbaric
oxygenation (HBO), on mitochondrial NADH redox state In vivo. The tested hypothesis was
that the NADH is not fully oxidized in the normoxic brain In vivo. Methods: The monitoring
system includes time-sharing fluorometer reflectometer for NADH and HBO2 measurement
combined with Laser Doppler Flowmetry for CBF monitoring. The rats located, after the
operation, in the hyperbaric chamber connected to the monitoring system by a combined fiber
optic probe inserted via the wall of the hyperbaric chamber. After 4 hours of recovery from
the operation a total of 35 awake rats were exposed to 0.2,1,1.75,2.5,4.5 and 6 absolute
atmospheres (ATA) for a total of 60 minutes of continues monitoring. Results: The results
show that cerebral blood flow (CBF) measured by LDF was not significantly affected by
hyperbaric oxygenation at all levels. The total backscattered light (reflectance) increased
during HBO and may represent the decrease in blood volume due to the vasoconstrictive
response to oxygen. As seen in the figure HbO2 and NADH were inversely affected by the
increased HBO levels, namely the microcirculatory HbO2was significantly more oxygenated
leading to oxidation signal of NADH. Each line represents an average of 7 rats. Statistical
analysis of this correlation was done in three timing points A, B and C representing the steady
state of the signals. Point A (0.2ATA) represent the levels of 0-10 minutes, point B (1ATA)
was calculated under 100% O2 at 10-25 minutes, point C represents the level of signals
measured at 1.75, 2.5, 4.5 and 6 ATA in the time interval 35-45 minutes after the beginning
of monitoring. When the NADH values were plotted against the HbO2 levels of the 2 sets of
results (B and C) two different regression lines were evaluated and found to be statistical
significant. Conclusions: 1. At the microcirculation level, the HbO2 oxygenation was affected
significantly by hyperbaric oxygenation reaching maximal levels at 2.5ATA. 2. The
intramitochondrial NADH redox state was not maximaly oxidated at air breathing conditions.
3. Increase of HBO levels led to the oxidation of NADH (decrease fluorescence) reaching
plateau on minimal level at 2.5ATA.
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PERTURBATION OF HUMAN CEREBRAL ENERGETICS WITH CHRONIC
KETOSIS

Jullie W. Pan', C.J. Segal-Isaacson®, Monika Jamrozek®, Brandy Cowell?, Anne Obertance?

'Department of Neurology, Albert Einstein College of Medicine, New York, NY, USA
“Department of Epidemiology & Population Health, Albert Einstein College of Medicine,
New York, NY, USA

Introduction: It is well known that the human brain switches from its primary fuel of glucose
to (largely) ketones under conditions such as fasting, certain diets and severe exercise.
Whether this switch is accompanied by cerebral metabolic and energetic shifts is unknown.
This question is relevant, particularly given the increasing frequency with which such diets
are encountered in the population, as well as the fact that ketotic diets have been shown to
affect brain function in several disorders, e.g., the success of the ketogenic diet to treat
epilepsy and improve Parkinsons’ symptomatology and the Atkins’ diet in also improving
seizure control in epilepsy (1-3). Methods: We used high field *'P whole brain spectroscopic
imaging to study healthy moderately obese human (n=5, mean age 36.0+10.4years) subjects,
examining them prior to initiating a very low carbohydrate diet and after 4 weeks of
sustaining this diet. For optimum diet control, meals from a licensed caterer were provided to
the subjects, and the macronutrient distribution of the diet was 65% fat: 30% protein: 5%
carbohydrate. The mean body mass index at baseline was 34.2+3.1, and after 4 weeks of the
diet was 30.7+2.4. Weight loss was achieved by all volunteers, averaging 8.4+1.8kg. *'P
spectroscopic imaging was performed at 4Tesla (Varian Inova, whole body MR system) using
a pulse acquire acquisition utilizing a three-dimensional spherical sampling scheme
(13x13x13, FOV = 24x24x24cm, ref. 4). Including scout imaging and calibrations, the
duration of the *'P study was ~75min. The *'P acquisition has an effective sampling radius of
1.4cm; previous studies have shown the reproducibility of the *P acquisition is 10%.
Analysis was performed using single voxel reconstructions, with curve fitting for 9
resonances including PCr, y-ATP, Pi, phosphomonoesters, phosphodiesters. Quantification
was performed accounting for tissue volume, coil loading and relaxation. Results: A moderate
ketosis was achieved in all subjects, with plasma BHB rising from 0.24+0.05 to 1.64+0.93.
Spectra from subject #3 (hypothalamus) is shown in the figure, showing PCr, ATP and
inorganic phosphate Pi. Data and loci of spectral analysis are shown in the Table. The ATP
concentrations in the thalamus, hypothalamus and hippocampus rose significantly between
DO to D28. The hypothalamus increased from 2.68+0.24mM to 3.18+0.33mM ATP.
Conclusions: Cerebral energetics changed with use of a ketotic diet, with increased ATP
concentrations in the hypothalamus, thalamus and hippocampus. In this limited group no
significant changes were detected in PCr concentrations. The largest change was seen in the
hypothalamus, and is consistent with a view that lower structures demonstrate greater
energetic sensitivity to fuel selection. References: 1. Huttenlocher PR. Ped Res 10:536-540
1976. 2. Van ltalllie et al in press Neurology 2005. 3. Kossoff E et al Neurology 61(12):1789-
91 2003. 4. Pan JW and Takahashi K, Ann Neurol 65(1):92-97 2005.

. . Fi, FCr AT
Table: mM concentrations before and during diet

ATPD0 | ATPD28 |PCrDO PCr D28 | 028
Hypothal | 2.68:0.24 | 3.1840.3% | 1514043 | 149:0.30 W«.\/\,J\»«w
Thalamus | 2531005 | 2.76:0.21* | 3241029 | 3.58:0.14

Hippo 234014 | 2464027 | 2744018 | 2954029 D0
Occipttal GM | 2524018 | 2.70+0.24* | 293+0.17 | 3.02:0.12

D0, baseline; D28 after 4weeks on diet
= Significantly different between DO and D28, p<0.05, two tailed ttest
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IS OXYGEN INSUFFICIENCY COMPENSATED DURING ACUTE ISCHEMIA? - A
PET STUDY IN AN ISCHEMIC MODEL OF NON-HUMAN PRIMATES

Rishu Piao, Takuya Hayashi, Nobuyuki Kudomi, Noboru Teramoto, Yoichiro Ohta,
Hedehiro lida

Department of Investigative Radiology, National Cardiovascular Center, Research Institute,
Suita, Japan

Insufficient delivery of oxygen to tissue is the central core of ischemia. A large number of
observations in rodents revealed that compensatory responses against ischemia occurs at
cellular or biochemical level, however, there is a lack of in vivo evidences of biological
responses to fulfil oxygen demand. Among them, vascular response to maintain the delivery
(e.g. vasodilatation) and transport efficiency of metabolic substrates from blood to tissue
assumed to be fundamental (Hayashi et al. 2003). Here, we show using PET whether there is
response in vasculature or in the diffusion efficiency of oxygen in an acute stroke model in
non-human primates. We used four adult male macaque monkeys (macaca fascicularis, body
weight = 5 kg). The study was approved by the local committee of animal experiments.
Experiments were performed under general anesthesia using propofol. A single PET scan
with dual tracer/integration (DTI) method for CBF/CMRO, and a PET scan for CBV were
repeatedly performed before and 360 min after the artificial embolization of intracerebral
artery. Embolization was produced by injecting autologous blood clot through a thin catheter
placed at middle cerebral artery or internal carotid artery. “Ischemic” regions of interest
(ROI) were defined by searching voxels with the highest values in the oxygen extraction
fraction (OEF) images at the time point of 5 min or 180 min after embolization. CBF,
CMRO, and CBV values were also obtained by placing the same ROI to the corresponding
images. CBV values were used for the assessment of vascular response, whereas effective
oxygen diffusibility (EOD) that was calculated from measured CBF, OEF and arterial
haemoglobin content (Hb) and oxygen saturation fraction (Sa) was used as a marker of
efficiency of oxygen transport from blood to brain tissues (Hayashi et al. 2003). The values
were normalized by ROI values in cerebellum for each image and by the values at the time
point of pre-embolization for each subject to minimize measurement- and subject-specific
variability. The mirror regions contralateral to the “ischemic” ROI were used for control.
“Ischemic” regions (n = 7) showed decrease in CBF (-30%, -32% at 5 min and 180 min,
respectively) and CMRO2 (-18%, -10%) and increase in OEF (+18%, +26%) compared to the
control. CBV values showed no change (+1%, +2%) whereas EOD decreased (-12%, -11%).
When the “ischemic regions” were divided in two categories by the final tissue outcome (non-
infarcted or infarcted), significant decreases in CBF, CMRO2 and EOD were found in the
regions of final infracted, but no difference in CBV were seen between the two categories.
Similar results were also obtained in the other time points (30, 60, 120, 210 and 360 min post
embolization). These results reveal that in acute ischemic regions there is little response in
vasculature and that change in diffusion efficiency of oxygen does not act as a compensatory
response rather passively depends on the metabolic demand, although oxygen extraction
fraction is increased. The findings indicate that brain tolerance for oxygen insufficiency is not
so large that oxygen metabolism during ischemia correlates final tissue outcome.
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OXYGEN CONSUMPTION BY SPIKING ACTIVITY IN RAT CEREBELLUM
Kirsten Thomsen®, Martin Lauritzen?
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Introduction: The mechanisms coupling neuronal activity, cerebral metabolism and cerebral
blood flow (CBF) during activation as well as in the basal state (rest) are not clear. The type
of neuronal activity, i.e., synaptic input or action potential output (spiking activity),
responsible for energy consumption is under debate. We here examined the effect of basal
spiking activity per se on oxygen consumption in the cerebllar cortex in rats. Methods:
Spiking activity, as well as field potentials, and tissue oxygen tension (tpO2) were measured
at the same cortical depth using glass microelectrodes (tip diameter 2 mm) and Clark-type
oxygen electrodes (tip diameter 3-4um), respectively. CBF was recorded with laser-Doppler
flowmetry. All experiments were carried out using an open cranial window preparation placed
over the cerebellar vermis in a-chloralose-anaesthetized adult male Wistar rats (n = 6). Basal
measurements were performed in control conditions and after superfusion of the cerebellum
with the GABAA antagonist, bicuculline (0.2 mM). Parallel fiber stimulation with 30 s
stimulation trains at 0.5, 5, 10, and 15 Hz was given before and after bicuculline application.
Results: As we have shown previously, application of bicuculline caused basal spiking
activity to increase 3-4 fold without influencing either basal CBF or mean arterial blood
pressure. Maximal effect of bicuculline on spike rate was achieved after 3 — 12 minutes of
exposure to the GABAA antagonist. PO2 was measured directly before bicuculline
application and when maximal spike rate occurred. In 5 of 6 rats, pO2 decreased, while
remaining unchanged in the sixth. Averaging results from all rats, pO2 decreased by 25% at
maximal spike rate and this decrease was maintained during the 30 minute observation
period. In the parallel fiber system, the magnitude of field potential amplitude, representing
synaptic input, appeared to increase in the presence of bicuculline (control: 0.082 mV vs
bicuculline: 0.116 mV) without reaching significance (p = 0.1522). Conclusion: We conclude
that basal spiking activity per se increases cerebellar oxidative metabolism. We have
previously shown that synaptic input via the climbing fibers is not influenced by GABAA
antagonism. In the parallel fiber system, however, increased synaptic input via the parallel
fibers may be a contributing factor to both spiking activity and brain metabolism. Grant
support: Supported by the Lundbeck Foundation and the NOVO-Nordisk Foundation.
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EFFECTIVELY TRUNCATED TCA CYCLE DURING PROFOUND
HYPOGLYCEMIA

Roland N. Auer"*?, Randy L. Tyson’, Garnette R. Sutherland"*

'Clinical Neurosciences, Calgary, AB, Canada
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BACKGROUND In the medical, scientific and legal communities, it is now widely
understood that hypoglycemic brain damage occurs in the presence of coma (flat EEG), a
prerequisite for brain damage signaled by excitatory amino acid release. Alterations must take
place, however, allowing most brain tissue to survive hypoglycemic coma. METHODS Brain
metabolism was interrogated in rats during and following recovery from 40 min of profound
hypoglycemia using ex vivo 1H MR spectroscopy. RESULTS A time-dependent increase in
aspartate was equaled by a reciprocal decrease in glutamate/glutamine. The kinetics of
aspartate formation during the first 30 min (0.36 + 0.03 pmol g-1 min-1) showed that
glutamate, via aspartate aminotransferase, becomes the primary source of carbon when
glucose-derived pyruvate is unavailable. Oxaloacetate is produced directly from o-
ketoglutarate, so that reactions involving the six-carbon intermediates of the tricarboxylic acid
cycle are bypassed (figure). CONCLUSIONS We demonstrate for the first time that the Krebs
cycle is effectively truncated from a tricarboxylic to a dicarboxylic acid cycle during
hypoglycemia, allowing it to still turn. This fundamental alteration in basic metabolic
pathways explains the partial preservation of energy charge during periods of glucose
deficiency. The results may explain how most brain neurons, and all glia, survive profound
hypoglycemia accompanied by electrocerebral silence.
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MRI & 31P MRS STUDIES OF BRAIN ENERGETICS IN A MODEL OF CEREBRAL
VASOCONSTRICTION

Raman Saggy", John P. Lowe’, Andrew M. Blamire®, Daniel C. Anthony?, Peter Styles®,
Nicola R. Sibson®

'Experimental Neuroimaging Group, Department of Biochemistry, University of Oxford,
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*Experimental Neuropathology Laboratory, Department of Pharmacology, University of
Oxford, Oxford, UK

Ischaemic brain events necessitate prompt diagnosis and clinical intervention if the ischaemia
is to be reversed. At present, MR is unable to distinguish between reversibly and irreversibly
damaged tissue. Although apparent diffusion coefficient (ADC) MRI is established as a
sensitive indicator of acute ischaemia, an unresolved challenge is to non-invasively
distinguish between reversibly and irreversibly damaged tissue early in the ischaemic event.
Endothelin-1 (ET-1) produces a potent and prolonged vasoconstrictive effect on the brain
vasculature and has been used as a model of low flow ischaemia in the rat brain. We
hypothesise that a focal striatal injection of ET-1 creates a graduated lesion consisting of both
reversibly and irreversibly damaged tissue. A longitudinal study of MR-visible changes
following intrastriatal ET-1 injection in the juvenile rat brain was conducted and correlated
with the metabolic status of brain tissue using phosphorus (31P) MRS. Male Wistar rats (50-
55g) were anaesthetised by inhalation using 2% isoflurane in 70% N20:30% O2. Using a
minimally-invasive stereotaxic procedure, 160pmoles of ET-1 was injected in a volume of 1.0
ul of sterile saline into the striatum (n=8). Animals were positioned in a purpose-built head
restraint system and a 2cm-diameter single-turn circular surface phosphorus coil was placed
over the animal’s head. Anaesthesia was maintained in the magnet using 1% isoflurane in
70% N20:30% O2. T1 and T2-weighted images, DWI and 31P spectra were obtained using a
7T horizontal bore magnet (Magnex Scientific) interfaced to a Varian/SISCO spectrometer
(Varian, Palo Alto, CA, USA). We observed a significant decrease in the ADC around the site
of injection at 2.5h post-injection [Figure 1a. & e.]. MRI was repeated at 6, 24 and 72 hrs over
which time ADC changes resolved in the periphery of the lesion, but remained low at the
core. These findings suggest that the tissue at the core of the lesion may be irreversibly
damaged whereas normalisation of ADC in the periphery may be indicative of reversibly
damaged tissue. 31P spectra from the whole of the injected hemisphere did not detect any
reductions in the PCr to ATP ratio. Significant changes in these metabolites may only occur
in the speculated irreversibly damaged core of the lesion, which constitutes less than 25% of
the 31P MRS voxel. The inclusion of a significant volume of healthy tissue in the 31P MRS
voxel may explain the absence of a change in metabolite levels. Ongoing studies are
investigating the perfusion changes in the core and peripheral regions of ET-1-induced focal
lesions and their correlation with ADC changes.
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TURNOVER OF EXTRA-CELLULAR GLUCOSE AND LACTATE IN THE RAT
STRIATUM ESTIMATED BY EQUILIBRIUM MICRO-DIALYSIS

Maria M. Rhemrev-Boom', Gea M.R. Leegsma-Vogt" 2, Jakob Korf"? Folkert Postema’,
Kor Venema®

'Department of Psychiatry UMCG Groningen, Groningen, The Netherlands
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The Netherlands

Introduction: Intercellular trafficking of substrates is essential to meet the energy demand of
the brain. Accordingly, neuronal energy consumption may depend on trafficking of glucose
and lactate through the brain intercellular space (ICS, about 18% of tissue) to neurons. We
report here estimates of ICS steady state levels (Cg) and the relative amounts of lactate or
glucose (indicated here as R%) that diffuse via the ICS of the striatum of conscious and freely
moving rats.

Methods: We applied equilibrium microdialysis (eMD), that is very slow microdialysis (100
nL = 0.1 uL.min™). eMD allows the estimation of C and the turnover rates in the ICS.
Various concentrations of lactate and glucose were continuously infused and measured in the
perfusate with miniature bio-sensors. The difference between the amounts infused and
collected per time unit reflects the sum of diffusion and consumption of the substrates in the
ICS surrounding the eMD-probe. The cellular transporters of lactate and glucose are bi-
directional, so the rate of disappearance is predominantly due to metabolism at steady state
perfusion. Rats were provided with conventional micro-dialyses probes and studied at various
days post-surgery. eMD, animals, surgery, sensors, equipment and probes were done as
reported [1,2].

Results: Cg of glucose (n = 10) and lactate (n= 6) were measured up to 6 days following the
implantation of the probe. The lowest levels (+ SEM) of glucose were measured at days 2, 3
and 4 and were 0.35 + 0.07, 0.18 + 0.04 and 0.31 + 0.05 mM, respectively. The lactate levels
did not significantly vary over 4 days; these levels were at day 2, 3 and 4, 0.64 + 0.03, 0.68 +
0.03 and 0.58 + 0.02 mM, respectively. At day 3 and 4 the turnover rates of glucose (n = 6)
and lactate (n = 6) were estimated by infusing glucose (0.5, 1.0, 2.0, 2.5 or 5.0 mM) or lactate
(1.5, 2.5, 3.0, 4.0 or 5.0 mM). At day 3 six rats were studied either with lactate (3 rats) or with
glucose (3 rats); the same rats were studied next day, but now with the other substrate. The
turnover rate of lactate was 0.13 + 0.03 pMol/g/min and that of glucose 0.03 + 0.01
pMol/g/min. R% is less than 10%.

Conclusions: The relative amount of glucose diffusing through the ICS is far smaller than
that of lactate (<1% versus > 7% of total energy consumption) and are in line with [3]. Our
data do not support the idea that the majority of brain energy need is provided by the
glutamate-recycling shuttle, but they emphasize that lactate, rather than glucose, is the major
trafficking energy substrate.

References:

[1] Rhemrev-Boom MM, Jonker MA, Venema K, Jobst G, Tiessen R, Korf J. Analyst., 2001;
126: 1073-1079.

[2]Rhemrev-Boom MM, Korf J, Venema K, Urban G, and Vadgama P. Biosensors
Bioengeneering 2001;16: 839-847.

[3] Attwell D, Laughlin SB. J Cereb Blood Flow Metab. 2001; 21: 1133-45

Grant support: Dutch technology Foundation (STW) and European Commission (EC).
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Aim of this study was to determine whether REM sleep during early postnatal development is
already characterised by a high cerebral oxygen uptake. In adults, cerebral blood flow (CBF)
and cerebral metabolic rate of oxygen consumption (CMRO2) decrease from wakefulness to
non-rapid-eye-movement (non-REM) sleep and return during REM sleep to values similar to
those in wakefulness, especially in subcortical regions (cf. (1)). No study addressed the issue
of cerebral metabolism during REM sleep in newborn life, when REM sleep duration is at a
lifetime maximum, while CBF is at a lifetime minimum. In this respect, a high CMRO2
during REM sleep could represent a metabolic challenge for newborns, and a situation of risk
owing to the strong dependency of CBF dynamics on fluctuations in arterial blood pressure in
this sleep state (2). Six Merino/Border-Leicester cross lambs 2-5 day old were anesthetised
(halothane / N20O) and instrumented with electroencephalographic and electromyographic
electrodes for determining the sleep state and with a transit-time ultrasonic flow probe around
the superior sagittal sinus to measure CBF (3). Non-occlusive catheters were inserted into the
carotid artery and in the superior sagittal sinus for blood sample withdrawal. Studies began at
least 72 hours after surgery: each animal was recorded for 2-4 days, and every day blood
samples (2 ml) were obtained simultaneously from the carotid artery and the superior sagittal
sinus during uninterrupted epochs of wakefulness, non-REM sleep and REM sleep. Samples
were collected in heparinised syringes and immediately analysed. The arterovenous difference
in oxygen content, computed from the concentration and saturation of haemoglobin in the
arterial and venous blood, was multiplied by CBF to yield estimates of CMRO2. Average
data were obtained for each lamb and state. Data are presented as mean + SEM. Cerebral
oxygen arterovenous difference (mM) was 1.9 £ 0.1 in wakefulness, 1.9 £ 0.1 in non-REM
sleep, and 1.7 £ 0.1 in REM sleep. CBF (ml/min) was 21.2 + 2.1 in wakefulness, 18.5 £ 2.3 in
non-REM sleep, and 25.0 + 2.8 in REM sleep. The oxygen arterovenous difference correlated
negatively with CBF (r = -0.44, p < 0.01, Pearson correlation computed on z-scores from 54
samples). Nonetheless, CMRO2 (micromol/min) was significantly higher (p < 0.05, Friedman
test and Wilcoxon test) in REM sleep (42.4 £ 4.7) and in wakefulness (39.8 = 5.0) than in
non-REM sleep (34.6 + 4.3). Data thus demonstrate that in newborn lambs, cerebral oxygen
uptake in REM sleep is higher than in non-REM sleep and similar to that in wakefulness. In
lambs, the superior sagittal sinus mainly drains from the frontal and anterior parietal lobes (3).
Therefore, these data suggest that in newborn life CMRO?2 is high during REM sleep even in
cortical regions, in which changes in CMRO2 among wake-sleep states are inconstant in
adults (1). (1) Zoccoli et al. Sleep Med Rev 2002; 6: 443-455 (2) Silvani et al. Sleep 2004; 27:
36-41 (3) Grant et al. Am J Physiol 1995; 269: R274-R279
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THE BLOOD-BRAIN UPTAKE OF 3-O-METHYL D-GLUCOSE MAY BE MAINLY
INTERSTITIAL OVER TIMES LESS THAN 45 SECONDS

Joseph D. Fenstermacher’?, Ling Wei'?, Daniel Bereczki', Tadahiro Otsuka’,
Jiann-Liang Chen', Franz-Josef Hans, Virgil Acuff*, Clifford S. Patlak*

1Anesthesiology, Henry Ford Health System, Detroit, MI, USA
Neurosurgery, State University of New York, Stony Brook, NY, USA

Introduction: The equilibrium distribution space of 3-O-methyl-D-glucose (30MG), a non-
metabolizable analog of D-glucose, is around 50 ml/100 g tissue (50%) in most brain areas
[1]. The 30OMG space is considerably larger than the extracellular space (18%) but much less
than the water space (78% in gray matter; 65% in white matter). In the past we [2, 3] and
others have assumed that the 30OMG after crossing the blood-brain barrier instantly mixes in a
50% space in brief (e.g., 30 sec) experiments. This assumption was tested by short-term, ramp
infusions of 14C-30MG in Sprague-Dawley (SPD), spontaneously hypertensive (SHR), and
Wistar-Kyoto (WKY) rats. Methods: Young adult SPD, SHR, and WKY rats were
intravenously infused with 14C-30MG with a schedule that yielded a continuously rising
plasma concentration. Blood was continuously sampled, and experiments terminated at 15 sec
(n=4/rat strain), 30 sec (n=3), and 45 sec (n=3). Radioactivity was determined in plasma by
liquid scintillation counting and in 7 regions of interest (ROIs) by quantitative
autoradiography. The ROIs were sensorimotor (SMC) and occipital (OCC) cortex, caudate-
putamen (CPU), medial geniculate (MGT), inferior colliculus (IC), genu of the corpus
callosum (GCC), and median eminence (ME). The resulting set of multi-time data (n=10)
were inserted into a two compartment (plasma and tissue) model, and the influx (Ki) and
effective tissue distribution space (eV) for the 15 - 45 sec interval were obtained for each ROI
by compartmental analysis. The difference between eV and 0.5 ml/g were considered
significant at p<0.05 level. Results: Among the three strains, plasma glucose concentrations
were comparable, and the rates of 30MG influx were lowest for GCC (white matter; Ki ~0.08
ml/g/ml) and highest for the ME (a circumventricular organ with leaky capillaries; Ki = 0.72 -
1.05 ml/g/ml). The differences in Ki for any ROI were not significant among the three strains.
In SMC, OCC, CPU, MGT, IC, and GCC of SPD rats, eV (£SE of the estimate) ranged from
0.07+0.02 ml/g (GCC) to 0.18+0.05 ml/g (IC). In these ROls, eV was significantly less than
0.5 ml/g and approximated the extracellular space. For these six ROIs, comparable values of
eV were found in WKY, and the differences between eV and 0.5 ml/g were significant. For
the ME, eV was >0.5 ml/g for SPD (p>0.05) but only 0.28 £0.07 ml/g for WKY (p<0.05). For
each of the seven ROls, eV values in SHR were 2 or more times higher than in either SPD or
WAKY and not statistically significantly different than 0.5 ml/g. Conclusions: The assumption
of rapid mixing of 30MG in a 50% tissue space was not upheld for gray and white matter of
SPD and WKY rats. The distribution of 30OMG was completely and strangely different in
SHR, suggesting considerable variations in the glucose transporter systems of neurons and/or
glia among the three strains. References: 1.Namba et al. J Appl Physiol 252:E299-303 (1987)
2.Chen et al. Microvas Res 48:190-211 (1994) 3.Chen et al. Microcirc 1:35-47 (1994) Grant
support: NIH grants HL-35791, NS-21157, and NS-26004.
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NEAR-INFRARED SPECTROSCOPY MEASUREMENTS OF CEREBRAL BLOOD
FLOW AND OXYGEN CONSUMPTION FOLLOWING HYPOXIA-ISCHEMIA IN
NEWBORN PIGLETS

Kenneth M. Tichauer™?, Derek W. Brown"?, Jennifer Hadway"?, Ting-Yim Lee?,
Keith St. Lawrence™?

'Imaging Division, Lawson Health Research Institute, London, ON, Canada
’Imaging, Robarts Research Institute, London, ON, Canada

Introduction Impaired oxidative metabolism after hypoxia-ischemia (HI) is believed to be an
indicator of delayed brain injury (1). We have recently developed a near-infrared
spectroscopy (NIRS) technique that could be used to measure the cerebral metabolic rate of
oxygen (CMRO2) at the bedside of the critically ill newborn. The CMRO2 measurement
requires a combination of indocyanine green-based measurements of cerebral blood flow
(CBF) and measurements of cerebral deoxy-hemoglobin concentration (2-3). The objective of
this experiment was to investigate the ability of NIRS to measure changes in CMRO2
following HI in newborn piglets as a prerequisite to clinical investigation. Methods Nine
piglets were subjected to 30 minutes of HI by occluding both carotid arteries and reducing the
fraction of inspired oxygen to 8 %. An additional nine piglets served as sham-operated
controls. Measurements of CBF and CMRO2 were acquired at baseline, every 30 minutes for
the first 2 hours after the insult, and on the hour for the following 4 hours. Results Figures 1
and 2 display the CBF and CMRO2 measurements, respectively, for each group of piglets
throughout the experiment. The solid line represents the control group, the dashed line
represents the hypoxic-ischemic group and the shaded region represents the duration of HI.
Only CMRO2 showed a persistent change following HI. Five minutes after reoxygenation,
there was a 28 +/- 12 % decrease in CMRO2 and a 72 +/- 50% increase in CBF compared to
baseline (p < 0.05). CBF returned to baseline by 30 minutes post-insult and did not change for
the remainder of the study, whereas, CMRO2 was depressed for the remainder of the study.
Conclusion We have demonstrated that NIRS can measure persistent decreases in CMRO2
following HI, despite the return of CBF to baseline within 30 minutes post-insult. The results
infer a potential for NIRS to be used in the neonatal intensive care unit to detect early signs of
delayed brain injury. Acknowledgements: This work was funded by the Canadian Institutes of
Health Research. References [1] Hagberg H; J Bioenerg and Biomembr 36, 369-373 (2004)
[2] Brown DW, et al.; Pediatr Res 51, 564-570 (2002) [3] Brown DW, et al.; Pediatr Res 56,
861-867 (2003)
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NEAR-INFRARED SPECTROSCOPY MEASUREMENT OF CEREBRAL
OXIDATIVE METABOLISM: A VALIDATION STUDY

Kenneth M. Tichauer™?, Jennifer Hadway" 2, Ting-Yim Lee"?, Keith St. Lawrence® 2

'Imaging Division, Lawson Health Research Institute, London, ON, Canada
2Imaging, Robarts Research Institute, London, ON, Canada

Introduction: The measurement of the cerebral metabolic rate of oxygen (CMRO?2) is an
important indicator of tissue viability following ischemic injury in the neonatal brain (1).
Current methods of measuring CMRO2 such as PET and MRS are unsuitable for use in
newborns from neonatal intensive care units due to their unstable conditions. Our group has
recently developed a minimally invasive technique using near-infrared spectroscopy (NIRS)
for measuring CMRO2 at the bedside. The technique uses cerebral blood flow (CBF)
measurements — obtained with the tracer indocyanine green — combined with measurements
of cerebral deoxy-hemoglobin concentration to determine CMRQO2 (2, 3). This technique was
recently used to measure changes in CMRO2 following hypoxia-ischemia in a piglet model
(4). The purpose of this study was to validate our NIRS measurements of CMRQO2 by
comparison with measurements obtained using a gold standard technique (the Kety-Schmidt
technique). Methods: Measurements were obtained on piglets 0-3 days of age. Five different
states of cerebral oxidative metabolism were created in each piglet by using a range of
anesthetics: 1% isoflurane, 0.04 mg/kg/h fentanyl infusion coupled with 70% nitrous oxide,
and three levels of pentobarbital (5, 10, and 30 mg/kg) added to the fentanyl/nitrous oxide
mixture. Each level of anesthetic was maintained for roughly 30 minutes. At each level,
measurements of CMRO2 were taken using the NIRS technique as well as the Kety-Schmidt
technique. Both methods are based on the Fick Principle: CMRO2 = CBF - arteriovenous O2
difference (AVO2). For the Kety-Schmidt technique, AVO2 was determined from blood
samples collected from the sagittal sinus and a femoral artery. For the NIRS technique, AVO2
was measured indirectly from measurements of cerebral deoxy-hemoglobin concentrations.
At each anesthetic level, CBF was determined using NIRS and the contrast agent indocyanine
green (2). Result A total of 4 piglets were studied (3 females, 1 male, mean age of 1.1 days
and mean weight of 1.57 kg). Figure 1 displays the measurements of CMRO2 from both
methods at the five levels of anesthesia. The Data points are expressed as averages over all
piglets and error bars are standard error. The correlation between the two methods obtained
from these preliminary results yielded an R2 = 0.56. Conclusion: This preliminary study
demonstrated that the NIRS technique of measuring CMRO2 correlates well with the gold
standard. The results imply that NIRS could be used to rapidly and accurately measure
CMRO?2 at the bedside of the newborn as an indicator of brain injury. Acknowledgements:
This work was funded by the Canadian Institutes of Health Research. References: [1]
Hagberg H; J Bioenerg and Biomembr 36, 369-373 (2004) [2] Brown DW, et al.; Pediatr Res
51, 564-570 (2002) [3] Brown DW, et al.; Pediatr Res 56, 861-867 (2003) [4] Tichauer KT, et
al.; Brain05 (submitted)
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THE ADVERSE EFFECTS OF HYPERGLYCEMIA DURING TRANSIENT FOCAL
ISCHEMIA IN RATS ARE NOT ATTRIBUTABLE TO INCREASED PLASMA
CORTICOSTEROIDS OR NEUTROPHIL INFILTRATION

Abraham Martin®, Angel Chamorro?, Anna M. Planas®

'Department of Pharmacology & Toxicology, 1IBB-CSIC, IDIBAPS, Barcelona, Spain
2Stroke Unit, IMSN, Hospital Clinic, IDIBAPS, Barcelona, Spain

Introduction: Hyperglycemia adversely affects the outcome of strokel,2. A raise in plasma
corticosteroids is thought to be involved in this effect after transient global ischemia3. Here
we investigated the harmful effects of hyperglycemia after transient middle cerebral artery
(MCA) occlusion in rats and whether these are dependent on plasma corticosteroids.
Methods: One-hour intraluminal MCA occlusion was induced in adult male Sprague-Dawley
rats (n=159). Sham-operated and non-operated rats were used as controls (n=20). Acute
hyperglycemia was induced by i.p. injection of dextrose (25%) 30 min prior to MCA
occlusion. Corticosteroid synthesis was inhibited by injecting i.p.metyrapone (100 mg/Kg).
Plasma corticosteroids were measured by radioimmunoassay. Neutropenia was induced with
vinblastine (0.5 mg/Kg i.p.) 4 days prior to ischemia, and neutrophils in plasma were
determined. The neurological function was assessed at 24h, then rats were killed and infarct
volume was measured. Neutrophil infiltration was evaluated with the mieloperoxidase assay
(MPO), and matrix metaloproteinase-9 (MMP-9) content was determined by gel zymography.
Measuring Evans blue extravasation at 48h assessed blood-brain barrier leakage. Results:
Hyperglycemia (H) significantly increased infarct volume (p<0.01) (Fig. 1), it worsened the
neurological score (p<0.001), and it enhanced the ischemia-induced rise in MPO (p<0.001)
and MMP-9 (p<0.01) in tissue and the Evans blue extravasation (p<0.001), compared with
normoglycemic (N) rats. Metyrapone maintained plasma corticosterone under the basal level.
Infarct volume in hyperglycemic rats receiving metyrapone (H+Mety) was not significantly
different from hyperglycemic rats not receiving the drug (H) (Fig. 1). Metyrapone did not
prevent the increased MPO and MMP-9 in hyperglycemic rats compared to the
normoglycemic groups. Vinblastine caused neutropenia in hyperglycemic rats and prevented
the increase in MPO and MMP-9 in brain tissue after ischemia, but it did not reduce infarct
volume at 24h. Conclusion: Hyperglycemia exacerbated the outcome of ischemia as infarct
volume was larger and the neurological outcome was worst that in normoglycemic rats.
Subsequently, neutrophil infiltration, MMP-9, and BBB leakage were higher. Inhibiting the
synthesis of corticosteroids did not prevent the adverse effects of hyperglycemia. Also,
neutrophils were not responsible for the worst outcome of ischemia in hyperglycemic rats.
Hyperglycemia during transient focal cerebral ischemia has per se adverse effects that are not
attributable to increased plasma corticosteroids or neutrophil infiltration. References: 1. Toni
et al., 2004. Cerebrovasc Dis. 17 (Suppl 2):30-46 2. Parsons et al., 2002. Ann Neurol. 52:20-
28. 3. Payne et al., 2003. Brain Res. 971:9-17 Supported by the Comisidn Interministerial de
Ciencia y Tecnologia (CICYT SAF2002-01963)
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THEORETICAL SUPPORT FOR THE ASTROCYTE-NEURON LACTATE SHUTTLE
HYPOTHESIS. Il. MODELING BRAIN LACTATE KINETICS

Agnés Aubert®, Robert Costalat?, Pierre J. Magistretti®, Luc Pellerin®

'Department of Physiology, University of Lausanne, Lausanne, Switzerland
2UMR_S 678, Université Pierre et Marie Curie, Paris, France
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Introduction A critical issue in the actual debate around the astrocyte-neuron lactate shuttle
hypothesis is whether lactate produced within the brain by astrocytes can be taken up and
metabolized by neurons upon activation. Although there is ample evidence that neurons can
efficiently use lactate as an energy substrate, at least in vitro [1], few experimental data exist
to indicate that it is indeed the case in vivo [2]. In order to address this question, we used a
modeling approach to determine which parameters are essential and sufficient to explain
typical brain lactate kinetics observed upon activation. Method On the basis of a previously
validated model taking into account the compartmentalization of energy metabolism [3], we
derived a mathematical model of brain lactate kinetics, including cellular lactate production or
consumption, regional cerebral blood flow, exchanges through the blood brain barrier and
extracellular pH variation. This model was applied to published data describing the changes
in extracellular lactate levels following activation [4]. Results and Discussion Results show
that the initial dip in the extracellular lactate concentration observed at the onset of
stimulation requires a rapid uptake within a cellular compartment which is most likely
neurons. Moreover, an increase in uptake occurring with repetitive stimulation explains the
more pronounced dip observed as the extracellular lactate concentration reaches higher levels
due to activation of astrocytic glycolysis. In contrast, neither increased lactate washout, due to
the enhancement of blood flow, nor diffusion parameters could explain such patterns. It is
concluded that instead of being a major fact against the ANLS hypothesis, the initial dip in
brain lactate levels, observed both in animals [4] and in humans [5], strongly suggests that
lactate consumption by neurons occurs from the very start of stimulation. These data concur
with recent demonstrations of a net lactate transfer between astrocytes and neurons in vivo.
This work was supported by the Fondation pour la Recherche Médicale and the Action
Concertée Incitative 'Neurosciences Intégratives et Computationelles' (French Ministry of
Research). Reference 1. Bouzier-Sore et al. (2003) J. Cereb. Blood Flow Metab. 23:1298 2.
Serres et al. (2004) J. Biol.Chem. 279:47881 3. Aubert and Costalat (2005) J. Cereb. Blood
Flow Metab., in press 4. Hu and Wilson (1997) J. Neurochem. 69:1484 5. Mangia et al.
(2003) Neurosci. 118:7
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ADHESION OF LEUKOCYTES TO CEREBRAL ENDOTHELIUM IS SUFFICIENT
TO TRIGGER DELAYED NEURONAL CELL DEATH FOLLOWING FOCAL
CEREBRAL ISCHEMIA

Hiroharu Kataoka, Seong-Woong Kim, Nikolaus Plesnila

Laboratory of Experimental Neurosurgery, Institute for Surgical Research, University of
Munich, Munich, Germany

Introduction: Although it seems to be clear that leukocytes contribute to brain damage after
cerebral ischemia, it is still under debate how and when cells of the immune system mediate
post-ischemic cell death. The aim of the current study was therefore to investigate the
temporal and causal relationship of leukocyte-endothelium interactions, leukocyte migration
into brain parenchyma, and neuronal cell death following reperfusion from focal cerebral
ischemia. Materials & Methods: 129/Sv mice were subjected to 45 minutes of transient
middle cerebral artery occlusion by an intraluminal filament. Leukocyte-endothelium
interactions were assessed by intravital microscopy (IVM) 40 min, 1, 2, 3, 5, 9, and 15 hours
after reperfusion. Neuronal cell death and leukocytes migrated into the brain were quantified
in the same tissue volume by histology and immunohistochemistry using the pan-leukocyte
marker CD45, respectively, at the same time points. For inhibition of leukocyte-endothelium
interactions an anti-CD18 antibody was injected into the left common carotid artery
immediately after reperfusion. Results: We show that interactions of leukocytes with cerebral
endothelium peaked 5 hours after reperfusion following 45 minutes of transient middle
cerebral artery occlusion in mice (P<0.01 vs. control). In the same area of the brain, neuronal
cell death occurred between 5 and 24 hours after reperfusion while infiltration of leukocytes
into the brain parenchyma was limited and started to be detectable only 9 hours after
reperfusion (Figure). Inhibition of CD18, a leukocyte adhesion molecule, reduced adherence
of leukocytes to cerebral endothelium by 60% (P<0.01) and increased the number of viable
neurons by more than 5-fold (P<0.01), but did not affect the number of leukocytes in the brain
parenchyma. Summary & Conclusion: Our results show that intravascular interaction of
leukocytes with cerebral endothelium seems to be sufficient for the induction of neuronal cell
death after transient focal cerebral ischemia, while infiltration of leukocytes into post-
ischemic brain tissue occurs too late to be responsible for this process. Despite the large
number of publications dealing with the role of inflammatory cells for post-ischemic neuronal
cell death, this is the first report suggesting that rather transendothelial signaling of
intravascular leukocytes than physical interaction of leukocytes with neurons is responsible
for cell death after cerebral ischemia. We believe that our data may help to explain previous
contradicting results on the role of inflammatory cells for the pathophysiology of cerebral
ischemia and may serve as a basis for future research on transendothelial signaling.
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CONTRIBUTION OF VASCULAR ADHESION PROTEIN-1 (VAP-1) TO POST-
ISCHEMIC CEREBRAL VENULAR LEUKOCYTE ADHESION AND
INFILTRATION IN DIABETIC, OVARIECTOMIZED (OVX) AND ESTROGEN-
TREATED FEMALE RATS

Hao-Liang Xu', Matthew D. Linnik?, Luisa Salter-Cid®, Dale A. Pelligrino

'Neuroanesthesia Research, University of lllinois-Chicago, Chicago, IL, USA
?La Jolla Pharmaceutical Co., La Jolla, CA, USA

We examined the role of VAP-1 in the increased leukocyte adhesion seen in cerebral venules
during the reperfusion period following transient forebrain ischemia (TFI). We used a model
associated with a high level of post-ischemic leukocyte adhesion and infiltration—diabetic (6-
8 wks post-streptozotocin) OVX females given 1 week of estrogen replacement therapy
(ERT). The behavior of rhodamine 6G-labeled leukocytes in pial venules was monitored
through a closed cranial window, using intravital microscopy and digital videometry. The rats
were observed over 10h reperfusion after 20 min TFI. We compared rats treated (at Oh or 6h
reperfusion) with saline or the novel and selective VAP-1 blocker, LIP-1207 (30 mg/kg iv).
Since results in the 2 control groups were indistinguishable, the data was pooled (n=6). In
controls, increased neutrophil adherence was observed within 1h of reperfusion onset. The
intravascular accumulation of adherent leukocytes was seen to gradually rise up to the point
where neutrophil infiltration commenced (at >6h, in 83% of controls—fig. 1). Not counting
extravasated cells, neutrophil adhesion reached ~17% of the viewed venular area at 6-10h
(fig. 2). In the rats treated with LJP-1207 at the onset of reperfusion (Oh, n=5), limited
neutrophil adhesion, and no infiltration, was observed over the entire 10h period of post-
ischemic observation (fig. 1), with the level of adhesion rising only to ~5% of the venular area
(fig. 2). In rats treated at 6h reperfusion (n=4), the pattern of neutrophil adhesion was similar
to that of the control group up to 6h, but subsequent infiltration was much more limited vs
controls (fig. 1), and the level of adhesion actually declined (from ~14% to ~9%) when going
from 6-10h reperfusion (fig. 2). These findings indicate that VAP-1, presumably on cerebral
vascular endothelium, plays a major role in the process of leukocyte adhesion, as well as
infiltration, in diabetic OV X females provided with chronic ERT.
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SOLUBLE EPOXIDE HYDROLASE GENE DELETION REDUCES INFLAMMATION
AFTER STROKE

Ines P. Koerner®, Wenri Zhang®, Patricia D. Hurn', Dennis Koop?, Nabil J. Alkayed"
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University, Portland, OR, USA
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The brain’s inflammatory response to stroke exacerbates ischemic damage [1].
Epoxyeicosatrienoic acids (EETs) are cytochrome P450 metabolites of arachidonic acid that
are produced in brain [2] and exhibit anti-inflammatory properties [3]. Mice with targeted
deletion of soluble epoxide hydrolase (SEH), a key enzyme in EETs breakdown, are protected
from ischemic brain injury [4]. We tested the hypothesis that inflammatory cytokine
expression after MCA occlusion is blunted in sEH knockout (SEHKO) mice due to higher
brain EETs. Methods: Adult male SEHKO and wild type (WT) C57/BI6 mice (n=7 per group)
were anesthetized with halothane and subjected to 2-hour MCA occlusion using the
intraluminal filament technique. Laser-Doppler perfusion was monitored over parietal
cerebral cortex during occlusion and reperfusion, and body temperature was monitored and
regulated during surgery by warming blankets. Brains were harvested at 3 hours of
reperfusion, and total RNA was extracted from ischemic and contralateral hemispheres.
Cytokine mRNA expression was assessed after MCA occlusion by multi-probe RNase
protection assay, and SEH protein expression was examined in non-ischemic WT and sEHKO
mice by immunoblotting. EETs levels in sSEHKO and WT mouse brains were examined by
liquid chromatography/mass spectrometry. Differences in cytokine expression were evaluated
by two-way analysis of variance (ANOVA). Results: Strong immunoreactivity for SEH was
detected in brains of WT, but not SEHKO mice. A clear peak corresponding to 14,15-EET
was detected in brains from both mouse strains. As illustrated in attached figure, the level of
MRNA expression for the following cytokines was highly induced in ischemic vs.
contralateral hemispheres of WT, but not SEHKO mice: tumor necrosis factor alpha (TNFa,
18-fold), interleukin-6 (IL-6, 10-fold), interleukin-1 alpha (IL-1a, 3-fold), interleukin-1 beta
(IL-1b, 3-fold), and interferon gamma (IFNg, 3-fold). Conclusion: The inflammatory
response in brain to cerebral ischemia is attenuated in SEHKO mice, likely due to higher brain
EETs. These findings suggest that protection in SEHKO mice may in part be linked to EETs-
mediated suppression of brain’s inflammatory response to cerebral ischemia, and that
pharmacological inhibition of SEH may serve as a novel neuroprotective strategy against
stroke damage. References: [1] Boutin H et al. J Neurosci 2001, 21:5528 [2] Shivachar AC et
al. J Neurochem 1995, 65:338 [3] Node K et al. Science 1999, 285:1276 [4] Liu M et al. Curr
Drug Metab 2004, 5:225
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PPAR-y AGONIST ROSIGLITAZONE DECREASES FOCAL CEREBRAL
ISCHEMIA-INDUCED INFLAMMATION AND BRAIN DAMAGE IN ADULT MICE

Kudret Tureyen, Ramya Sundaresan, Kellie Bowen, Raghu Vemuganti

Department of Neurological Surgery, University of Wisconsin, Madison, WI, USA

Acute inflammation contributes to brain damage after focal cerebral ischemia. Although
several transcription factors are known to be upregulated in the post-ischemic brain, the role
of transcriptional events in controlling cerebral inflammation is not evaluated in detail.
Peroxisome proliferation activated receptor-y (PPAR-y) is a ligand activated transcription
factor of nuclear hormone receptor superfamily. When a ligand binds to PPAR-y, it dimerizes
with retinoic acid-X-receptor (RXR) to form a heterodimeric complex that binds to the cis-
acting sequences (peroxisome proliferator response elements) on DNA to modulate the
transcription of target genes. Thiozolinediones rosiglitazone and pioglitazone are potent
exogenous agonists of PPAR-y. Rosiglitazone and pioglitazone are currently FDA-approved
for the treatment of type-2 diabetes. PPAR-y agonists were shown to control inflammation
associated with gut, myocardial and lung ischemia by blocking microglia/macrophage
activation and pro-inflammatory gene expression. We evaluated the efficacy of rosiglitazone
in preventing brain damage following transient middle cerebral artery occlusion (MCAO) in
adult C57/BL6 mice. Real-time PCR analysis showed significant increases (by 2.7 to 4.2 fold;
p<0.05; n of 6/group) in the PPAR-y and RXR mRNA expression in the ipsilateral cortex
compared to the contralateral cortex of mice at 6h to 72h of reperfusion following a 2h
transient MCAQ. Compared to vehicle treated controls, 2 mg/Kg rosiglitazone pretreated
mice (2 doses; at 4h before MCAO and start of reperfusion) showed significantly smaller
infarcts (by 57%=+9%, p<0.05; n of 10 mice/group). A 2 dose post-treatment (at 1 min and 2h
of reperfusion) also decreased the infarct volume by 52%+8% (p<0.05; n of 9 mice/group)
compared to vehicle control. Neuroprotection was also observed with a 1 dose rosiglitazone
(2 mg/Kg) injected at either 1 min (by 46%+8%, p<0.05; n of 10 mice/group) or 2h of
reperfusion (by 37%+7%, p<0.05; n of 9 mice/group). In these mice, post-ischemic
neurological deficits estimated on a 6-point scale were none to mild in the rosiglitazone
groups compared to moderate to severe neurological deficits observed in the vehicle groups.
Real-time PCR analysis showed a significant decrease in the post-ischemic mRNA expression
of the pro-inflammatory transcription factors Egr-1 and c-EBP-f§ and inflammatory genes IL-
1B, IL-6, MCP-1, ICAM-1 and iNOS in the ipsilateral cortex of rosiglitazone-treated mice
compared to vehicle treated controls (n of 6/group). Furthermore, the ipsilateral cortex of the
rosiglitazone treated mice (2 mg/Kg at 5 min reperfusion) showed significantly decreased
numbers of activated macrophages/microglia (identified by ED-1 and CDI1b
immunostaining), compared to vehicle treated mice. These studies showed that PPAR-y
activation by its ligand is a potent anti-inflammatory mechanism that can decrease the post-
ischemic brain damage. Rosiglitazone potassium salt used in these studies was purchased
from the Cayman Chemicals USA. These studies were funded by an RO1 grant from the
United States National Institute of Health to RV.
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PARP-1 PROMOTES MICROGLIAL ACTIVATION, PROLIFERATION, AND MMP-
9 - MEDIATED NEURON DEATH

Tiina M. Kauppinen, Raymond A. Swanson
UCSF/VAMC, Neurology, San Francisco, CA, USA

Activated microglia contribute to cell death in ischemic and neurodegenerative disorders of
the central nervous system. Microglial activation is regulated in part by NF-xB, and the
nuclear enzyme poly(ADP-ribose) polymerase-1 (PARP-1) enhances NF-kB binding to DNA.
Here, the role of PARP-1 in microglia-mediated neurotoxicity was assessed using microglia
from wild type (wt) and PARP-1-/- mice. Cultured microglia were incubated with tumor
necrosis factor a (TNFa), a cytokine that is upregulated in many neurological disorders.
When stimulated with TNFa, wt microglia proliferated, underwent morphological changes
characteristic of activation, and killed neurons placed in co-culture. The effects of TNFa were
markedly attenuated both in PARP-1-/- microglia and in wt microglia treated with the PARP
enzymatic inhibitor 3,4-dihydro-5-[4-(1-piperidinyl)butoxy]-1(2h)-isoquinolinone (DPQ).
These effects were also blocked by (E)-3-(4-methylphenylsulfonyl)-2-propenenenitrile (BAY
11-7082), which inhibits translocation of NF-kB to the nucleus. TNFa also upregulated
microglial release of matrix metalloproteinase-9 (MMP-9), an enzyme with potential
neurotoxic properties that is transcriptionally regulated by NF-kB. This upregulation was
blocked in PARP-1-/- microglia and in wt microglia by the PARP inhibitor DPQ. Microglia
from MMP-9-/- mice were used to evaluate the contribution of MMP-9 to microglial
neurotoxicity. MMP-9-/- microglia treated with TNFa-showed substantially reduced
neurotoxicity relative to the wt microglia. TNFa-stimulated wt microglia treated with the
MMP inhibitor ilomastat also showed reduced neurotoxicity. These findings suggest that
PARP-1 activation is required for both TNFa - induced microglial activation and the
neurotoxicity resulting from TNFa - induced MMP-9 release.
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HSP70 PROTECTS AGAINST EXPERIMENTAL STROKE THROUGH THE
INHIBITION OF POSTISCHEMIC INFLAMMATORY REACTION

Zhen Zheng', Yanli Qiao?, Nina Dunphy?, Joyce Ma?, Jong Eun Lee®, M.A. Yenari

'Neurology, UCSF/VAMC, San Francisco, CA, USA
2Department of Neurosurgery, Stanford University School of Medicine, Stanford, CA, USA
®Yonsei University, Seoul, Korea

We and others previously showed that the inducible 70 kDa heat shock protein (HSP70)
confers neuroprotection in the brain from ischemia. While the mechanism of such protection
is believed to be through reduced protein malfolding and aggregation, recent evidence
suggests that HSP70 may also modulate the inflammatory response in certain of pathological
settings. Whether this is relevant following ischemic insults is unclear, however. Here we
evaluated the effects of HSP70 overexpression on glial cell activation and nuclear factor
kappa-B (NFkB) activity using in vivo and in vitro ischemia models. Primary cultures of
astrocytes and microglia were prepared from neonatal pups and subjected to simulated
ischemia (oxygen-glucose deprivation), then assessed for cell death. Sister cultures were
activated by exposure to lipopolysaccharide (LPS) and assessed for NFkB translocation and
nitric oxide (NO) production. Transgenic mice overexpressing rat HSP70 or wildtype mice
underwent 2 hours of middle cerebral artery occlusion ( MCAO) plus 24 hours of reperfusion
(n=6/group), or were given 5 mg/kg lipopolysaccharide (LPS) intraperitoneally (n=6/group).
Infarct size was assessed by using cresyl violet stains; the neurological deficit was evaluated
using a semiquantitative scale (Bederson et al, 1986); microglial activation was assessed
using isolectin B4 (IB4) and an antibody against MHC-classll. The DNA-binding capacity of
NFkB was assayed using the Trans-AM NFKb p65 transcription factor assay kit (Active
Motif, Carlshad, CA). Phosphoralation of IkB was detected using western blots; nuclear NF-
kB translocation was assessed by fluorescent immunohistochemistry. In transgenic mice,
compared to wildtype, infarct size was significantly reduced by 48% (P<0.01) after
experimental stroke and this effect was related to 51% reduction of activated microglia
(P<0.01). In LPS-treated transgenic mice, microglia activation was also decreased by 32%
(p<0.05), compared with wildtype. HSP 70 transgenic mice had improved neurological
deficits compared with wildtype littermates 24 h after ischemia onset (p<0.05).
Chemiluminescent detection revealed that the DNA-binding capacity of NFkB was
significantly decreased in ischemic brain regions among transgenic mice compared with
wildtype mice (p<0.05). Western blots showed that HSP70 overexpression did not change
IkB expression, but IkB phosphorylation was remarkably inhibited among HSP70 transgenic
mice. Co-immunoprecipitation of HSP70 and NFkB p65 subunit indicated that the two
proteins were bound to one another, especially within the cytosol. In cultures, HSP70
overexpression led to improved survival of both transgenic astrocytes and microglia (90% and
48% reduced cell death, respectively, P<0.01). Transgenic astrocyte cultures also expressed
82% less NO following LPS stimulation (P<0.05) and suppressed nuclear NF-kB
translocation. These data suggest that HSP70 protects against ischemia and simulated
ischemia followed by reperfusion, and this protection may be associated with the inhibition of
the postischemic inflammatory response. Support Contributed By: NINDS and AHA
Postdoctoral Fellowship Award (0325089Y)
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BLOOD LYMPHOCYTES INDICATE ON DIFFERENT ROLE OF TGF-B AND
PDGF-AB AT CEREBRAL AND CORONARY ATHEROSCLEROSIS.

Andrei I. Teplyakov
Research Institute for Ecopathology and Occupational Disease, Mogilev, Belarus

We hypothesized that proatherogenic T cells are controlled by cytokines network balance.
Among them, TGF-b has been implied in atherogenesis, but its mechanism of action remains
unclear. Taken together, abrogation of TGF-b signaling in T cells able to accelerate the
atherosclerosis and permit to suggest that TGF-b reduces atherosclerosis by dampening T cell
activation. Inhibition of T cell activation may therefore represent a strategy for
antiatherosclerotic therapy. Goal: to analyze the possible evidence for TGF-b action on
lymphocytes functions (Go chromatin topography changes) in vitro at cerebral and coronary
atherosclerosis. Object: 29 patients. The original research technique has been used: adding
TGF-b to achievements the final concentration: 0.05, 0.5 and 5.0 ng/ml in whole blood
sampled PDGF-AB for achievement final concentration in whole blood sample: 0.5, 5.0 and
10.0 ng/ml (without separation procedure to goal to do not disturb the “habitual” cell-cell
coordination additionally, i.e. approximated the conditioning in vivo) with following
incubation in plastic tube for each sample. The lymphocytes chromatin nuclei behavior was
estimated after 30, 60 and 360 min for each samples. The chromatin of lymhocytes nuclei was
studied using Computer TV Morphodensitometry System “DiaMorph” (Russia) in the smears
dyed especially for DNA. Results are contraindicated to habitual opinions about common
atherogenic mechanisms without evaluation of organ-target influence. At first sight, it seem to
be possible that mechanisms of sensitivity to PDGF have switched on (i.e. PDGF at cerebral
atheroslerosis acted in other manner or in assembly to other factor, which are could be
known). However, more complex manner of chromatin changes of lymphocytes, implicated
in atherogenesis, have shown, that they have underwent by most of involved components of
cytokines network factors, which are reversed timely. The main detected features at cerebral
in comparison to coronary atherosclerosis have consist of initial hetero- and euchromatin
rebuilding. Obtained results have conflicted to becoming fixed opinion that cerebral and
coronary atherosclerosis are common process, unified any atherosclerosis without locations
evaluation. So it is possible, that the detected changes have resulted more disseminated
vascular implication in cerebral atherosclerosis in comparison to coronary ones. Conclusion.
Obtained results are controversial to described the dampening lymphocytes activation,
induced by TGF-b. We have no satisfied results, evidenced the TGF-b suppressive manner on
lymphocytes functioning at atherosclerosis. Received results, in our opinion, reflects the more
complicated interaction between TGF-b and lymphocytes functioning changes. It has been
confirmed by the facts, that GO lymphocytes chromatin (dependent from concentration and
exposition time) have changed its portrays on biphasic manner after PDGF-AB adding:
initially at short period of time we detected the same nuclear activation (and gene expression
activation, correspondingly) with following stable chromatin topography changes, reflected
the stable lymphocytes functioning changes on pathologic manner, which is needed to more
detail investigation.
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NEUROGENESIS IN ORGANOTYPIC HIPPOCAMPAL SLICE CULTURES
INHIBITED BY INFLAMMATION EARLY AFTER OXYGEN-GLUCOSE
DEPRIVATION IS RESTORED AT LATER TIME POINT

Olga Chechneva®, Klaus M. Dinkel"?, Klaus G. Reymann®?

!Leibniz Institute for Neurobiology, Project Group Neuropharmacology, Magdeburg,
Germany
?Institute for Applied Neuroscience (FAN GGmbH), Magdeburg, Germany

The neurogenesis in the dentate gyrus (DG) of the hippocampus is regulated by many factors
including the pathological conditions like stroke, epilepsy, traumatic injury or inflammation.
Increase of neurogenesis occurring in response to injury has been reported and considered as
a mechanism of regeneration after neuronal loss. We studied the neurogenesis in organotypic
hippocampal slice cultures (OHCs) after oxygen and glucose deprivation (OGD). 14 days old
OHCs from P7-9 rats were exposed to 40 min of OGD. OGD caused the neuronal damage
that reached the significant level at 6h as revealed by propidium iodide uptake. At the same
time point activation and increase in number of microglial cells was observed that resulted in
the development of inflammatory reaction in the system. Application of anti-inflammatory
drug indomethacine (10puM) prevented neuronal degeneration. Upregulation of pro-
inflammatory cytokines was found 8h after OGD. gPCR showed 4 fold increase in the IL-1b
and 2 fold increase in TNF-a mRNA. To label proliferating cells the OHCs were treated with
bromodeoxyuridine (BrdU) and increase in cell proliferation was revealed by BrdU
immunohistochemistry at 16h after OGD. Newly generated neurons were detected with early
neuronal markers doublecortin (DCX) and R-I1 Tubulin. The neurogenesis (DCX
immunostaining) was restricted in the dentate gyrus where the BrdU/DCX+ neurons could be
found already at day 3 after first BrdU application with further increase to day 6. At early
time point (3d) after OGD very few BrdU/DCX+ cells might be observed in DG however at
6d the number of BrdU/DCX+ neurons increased and some of the newly generated neurons
expressed B-111 Tubulin. Our data indicate that OGD results in the neuronal degeneration and
activation of inflammatory reactions that inhibit the basal neurogenesis in the DG at early
time point. However neurogenesis seems to restore later on.
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NEUROPROTECTIVE ROLE OF FC GAMMA RECEPTOR IN ISCHEMIA-
REPERFUSION INJURY USING FC GAMMA RECEPTOR KNOCKOUT MICE

Takao Urabe, Miki Komine-Kobayashi, Ning Zhang, Yoshikuni Mizuno

Department of Neurology, Juntendo University School of Medicine, Tokyo, Japan

Background and Purpose: Cerebral ischemia-reperfusion injury is associated with the
development of inflammatory response including pathologic contributions by vascular
leukocytes and endogenous microglia. Expression of Fc receptors (FcRs) on macrophages and
microglia is thought to be involved in the inflammatory cascade. The present study assessed
the role of FC gamma receptor in ischemia-reperfusion injury, using Fc gamma receptor
knockout (FCgR-/-)mice and bone marrow chimera FCgR-/-mice, which express enhanced
green fluorescent protein (EGFP). Methods: Studies were conducted in 8-week old FCgR-/-
and C57BL/6 (wild-type, WT) (n=50/group) mice of the same genetic background. Mice
underwent occlusion of the middle cerebral artery for 60 minutes, followed by reperfusion.
We generated the FcgR-/-/EGFP transgenic model by bone marrow transplantation of EGFP
into FcgR-/- mice and induced transient cerebral ischemia in these animals 6 weeks later. At
6, 12, 24, 72 h, or 14 days post-reperfusion, the mice were anesthetized by intraperitoneal
injection of 50 mg/kg pentobarbital (n=5/group) and decapitated. Infarct volume and
mortality was calculated at several time points after ischemia. To clarify the function and
distribution of microglia/macrophages, immunohistochemical staining and immunoblotting of
ionized calcium-binding adapter molecule 1 (Iba-1), inducible nitric oxide synthase (iNOS),
and nitrotyrosine were performed. Results: FCgR-/-mice showed significantly reduced
mortality (20%) and smaller infarcts (P < 0.001) than wild-type (WT) mice at 72 hours post-
reperfusion. FcgRI staining was detected in glial cells, which morphologically resembled
microglia. However, no specific FcgRI staining was noted in the brain of FcgR-/- mice. In
FcgR-/- mice, microglial activity in the transition area was weak compared with WT mice. In
WT mice, induction of iNOS in microglia of peri-ischemia area reached a peak level at 48-72
h post-reperfusion. On the other hand, in FCgR-/- mice, iNOS was only detected in
endothelial cells of the ischemic core area. Western blotting revealed that microglial
activation (P < 0.002) and induction of iNOS (P < 0.005) was reduced in FCgR-/-mice
compared with WT mice. At 7 days post-reperfusion, sections double-immunostained for
EGFP and Iba-1 showed less activation and migration of EGFP-positive bone marrow-derived
macrophages in FCgR-/- chimera mice than WT mice. In WT/EGFP chimera mice, induction
of nitrotyrosine in microglia of transition area was detected and nitrotyrosine-staining was
observed in the luminal surface of vessels at ischemic lesion, while there were few
nitrotyrosine-positive cells in FCgR-/~/EGFP chimera mice. These nitrotyrosine-positive
microglia did not stain for EGFP. Conclusions: In this study, we demonstrated that FcgR
deficiency decreased the inflammatory responses through microglial activation, iNOS
induction and bone marrow-derived macrophage infiltration after transient focal cerebral
ischemia/reperfusion. Therefore, Our results demonstrated that the neuroprotective effect of
FcgR deficiency in our model might be primarily attributed to the suppression of activation
and infiltration of inflammatory cells. Our data showed that anti-inflammatory therapy
through the FcgR might be useful for neuroprotection after cerebral infarction.
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SOD1 OVEREXPRESSION REDUCES MCP-1 AND MIP-1a EXPRESSION AFTER
TRANSIENT FOCAL CEREBRAL ISCHEMIA

Tatsuro Nishi, Carolina M. Maier, Hidenori Endo, Hiroshi Kamada, Pak H. Chan

Department of Neurosurgery, Department of Neurology and Neurological Sciences, and
Program in Neurosciences, Stanford University School of Medicine, Stanford, CA, USA

Introduction: Proinflammatory cytokines and chemokines are quickly upregulated following
ischemia/reperfusion (I/R) injury. However, the relationship between I/R-induced oxidative
stress and cytokines/chemokine expression has not been elucidated. Overexpression of some
of these molecules has been shown to exacerbate ischemic injury, while their deficiency has
been shown to confer neuroprotection. Our hypothesis is that, if oxidative stress is involved in
cytokine/chemokines-induced neuronal death, then we should observe the upregulation of
these inflammatory molecules in the ischemic brain. Furthermore, reducing the oxidative
stress should also lessen the cytokine/chemokine expression. To test our hypothesis, we first
investigated the temporal profile of cytokine and chemokine gene expression in transient
focal cerebral ischemia using cDNA array technology. Based on those results, we then
proceeded to compare the gene and protein expression profiles of monocyte chemoattractant
protein 1 (MCP-1) and macrophage inflammatory protein 1 o (MIP 1a) between wild-type
(Wt) mice and copper/zinc-superoxide dismutase (SOD1) transgenic (Tg) mice. Method:
Male CD-1 mice (SODI1 Tg and Wt) were anesthetized with 1.5% isoflurane (68.5% nitrous
oxide, 30 % oxygen), underwent MCA occlusion (60 min) and were reperfused for 6, 12, 24,
or 48 h ( n =4 per group & per time point). We monitored the physiological variables prior,
during and after the surgery. Body temperature was maintained at 37 C throughout the
surgical procedure. MCP-1 and MIP-la gene expression was investigated by real-time
quantitative RT-PCR, and protein expression was examined by immunohistochemistry and
ELISA. Result: MCP-1 and MIP-1a gene expression was significantly upregulated at 6 to 12
hours of reperfusion. In SOD1-Tg mice, however, MCP-1 and MIP-1a. mRNA expression
was significantly decreased 12 hours post-insult. MCP-1 immunoreactivity, observed
throughout the cellular cytoplasm, was more intense in the striatum (ischemic core) compared
with the cortex in Wt animals. MCP-1 immunopositive staining was observed at 12 to 48
hours of recirculation with peak intensity observed at 24 hours. SOD1-Tg mice showed less
MCP-1 immunoreactivity even within the ischemic core. MIP-1a, immunopositivity was
observed in the ischemic penumbra at 6 to 48 hours in both Wt and SOD1-Tg mice; however,
the latter showed qualitatively less immunoreactivity than their Wt littermates. ELISA results
showed that SOD1-Tg mice had significantly lower MCP-1 and MIP-1a levels at 24 hours of
reperfusion compared with Wt animals. Double-immunohistochemistry showed that MCP-1
was expressed in neurons, astrocytes and endothelial cells, while MIP 1a was colocalized
only activated microglia. Conclusions: These results suggest that MCP-1 and MIP-la
expression is influenced by the I/R-induced oxidative stress that occurs following a transient
focal stroke. Supported by NIH grants NS 14543, NS25372, NS36147, NS 38653 and Bugher
Award from AHA
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MICROGLIA POTENTATE INJURY TO THE BLOOD BRAIN BARRIER:
REVERSEAL BY MINOCYCLINE

Xian N. Tang", Yanli Qiao? Lijun Xu?, Rona Giffard®, Midori A. Yenari*

'Department of Neurology, University of California, San Francisco & SF VAMC,
San Francisco, CA, USA
Department of Anesthesia, Stanford University, Stanford, CA, USA

Background and Purpose-: Microglial function is a double edged sword. Under normal
circumstances, it supplies neurons with trophic factors, contributes to the rearrangement of
neural connections and plasticity of normal brain tissue. But after stroke, microglia are
activated and may potentiate ischemic injury. Blood-brain barrier (BBB) disruption can
complicate stroke due to edema and hemorrhage. Minocycline is a semisynthetic second-
generation tetracycline known to inhibit microglial activation. In this study, we examined the
influence of microglia on blood brain barrier (BBB) components and whether this could be
reversed by minocycline treatment. Methods-: In vitro, neocortical astrocytes (G), endothelial
cells (E) and microglia (M) were isolated from postnatal Swiss Webster mice. Primary EG or
EGM mixed cultures were prepared. Cultures were subjected to oxygen & glucose
deprivation followed by reperfusion. In vivo, 28 C57BL/6J male mice (25~30 grams) were
subjected to 1.5 h middle cerebral artery occlusion followed by 22.5 h reperfusion. Mice were
treated with minocycline (Mi) (n=16) or vehicle (n=12). Results-: When microglia were
added to cocultures, cell death nearly doubled compared to cocultures lacking microglia
(*P<0.01). The increase in cell death in the presence of microglia could be reversed by
minocycline (*P<0.05) (Fig 1D). Infarct volume (Fig. 1A, *P<0.01), Evans blue extravasation
(Fig. 1C, **P<0.001) and neurological deficit scores (***P<0.001, Fig. 1B) decreased
significantly in the minocycline treated mice compared with the vehicle treated group.
Minocycline also prevented the occurrence of gross cerebral hemorrhage (P<0.05). Fewer
microglia and MHC Class Il positive cells were found within the penumbra in minocycline
treated mice (P<0.001, P<0.05, respectively). Conclusions-: Minocycline can reduce BBB
disruption and decrease injury to BBB components after ischemia by inhibiting microglial
function and activation. This suggests a novel therapeutic target for stroke treatment.
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OSTEOPONTIN MEDIATES NEUROPROTECTION VIA INHIBITION OF
INDUCIBLE NITRIC OXIDE SYNTHASE

Sebastian Jander?, Michael Schroeter*, David T. Denhardt?

'Department of Neurology, Heinrich-Heine University, Diisseldorf, Germany
Department of Cell Biology and Neuroscience, Rutgers University, Piscataway, NJ, USA

Neurodegeneration following ischemic stroke extends from the ischemic infarct to
nonischemic subcortical regions such as the ipsilateral thalamus. At both sites, inflammation
with activation of resident microglia/brain macrophage ensues and may exacerbate the
degenerative process. Osteopontin (OPN) is a macrophage-derived secreted glycoprotein with
cytokine-like and chemoattractant properties mediated via RGD-binding integrin receptors
and CD44. OPN exerts proinflammatory effects in autoimmune conditions, but also
participates in beneficial wound healing responses. Here, we addressed the role of OPN in
ischemic brain injury using OPN knock-out (KO) mice in models of cortical stroke.
Compared to wild-type (WT) animals, OPN KO mice exhibited unaltered infarct development
at the primary injury site but greatly increased secondary neurodegeneration of the ipsilateral
thalamus. Thalamic neurodegeneration in OPN-deficient mice was associated with excessive
microglia activation and inflammatory gene expression and could be attenuated via
pharmacologic blockade of the inducible nitric oxide synthase (iNOS). Thus, OPN provided
neuroprotection through down-regulation of microglia activation and iNOS. OPN-dependent
pathways may represent a new target of neuroprotective therapy in neurodegenerative
diseases and stroke. Supported by the Deutsche Forschungsgemeinschaft (Ja 690/5-1).
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TEMPORAL PROGRESSION OF SEIZURES-INDUCED
AMYGDALOALLOCORTICAL MICROVASCULAR INFLAMMATION LEADING
TO EDEMA AND MULTIFOCAL MICROHEMORRHAGIC STROKE IN THE RAT

Sima Mraovitch*?, Angélique Régnier?, Yolande Calando®, Eric Vicaut?

! aboratoire de Recherche Cérébrovasculaire, CNRS, FR2363, Faculté de Médecine
Université Paris VII, Paris, France
“Laboratoire D'Etude de la Microcirculation (EA 3509), Faculté de Médecine Université
Paris VII, Paris, France

Introduction: We have recently demonstrated that generalized convulsive seizures (GCS)
induced by cholinergic stimulation of the thalamus provoke a focal post-seizures
amygdaloallocortical neurovascular injury characterized by neuronal loss, microvascular
TNFo and IL-1p expression and gliosis, followed by atrophy (1). Here we report the temporal
progression and spatial specificity of the seizures-induced neurovascular amygdaloallocortical
injury. Methods: Adult Wistar rats were injected stereotaxically with carbachol (55nmol in
100nl PBS) under halothane anesthesia unilaterally in the ventroposterolateral and reticular
thalamic nuclei as previously described (2). Behavioral alterations were observed for 2 hours.
After at least one episode of GCS, animals were sacrificed at 3h (n=2), 6h (n=3), 12h (n=2),
24h (n=3), and 72h (n=3). Brain sections immunohistochemically processed for COX-2,
TNFa and IL-1( staining were examined with a camera lucida. Edema and microhemorrhage
sites were estimated on digital photographs of fresh frozen tissue using an image analyser.
Results: Three hours after the initial GCS, neuronal COX-2 induction was observed
bilaterally throughout the brain. However, as compared to the contralateral side, the ipsilateral
side was devoid of neuronal COX-2 expression in the insular and perirhinal cortices, in the
amygdaloid complex including the basolateral, the posteromedial cortical amygdaloid nuclei
and the amygdalohippocampal area. At approximately 6h after the initial GCS, the TNF-
o and 11-103 staining was clustered in the COX-2 devoid area including the rostral part of the
amygdaloallocortical area, the claustrum and the dorsal endopiriform nucleus, the piriform
cortex and the basolateral, central and medial amygdaloid nuclei, as well as in the internal
capsule. Between 12h and 24h, 11-1p3 induction was also seen in microglia/macrophage-like
cells throughout the allocortex and amygdala, particularly the insular cortex, the perirhinal
cortex, the upper layer of the piriform cortex, the posteromedial, posterolateral cortical
amygdaloid nuclei and the amygdalopiriform transition. Edema, seen as a gray area on fresh
frozen tissue coronal sections, appeared at 24h after the initial GCS along the rostro-caudal
amygdaloallocortical axis and remained relatively unchanged up to 72h. Rostrally to the
anterior commissure, edema was observed in the insular cortex, the piriform cortex, the dorsal
endopiriform nucleus and the claustrum representing 6+0.2% (n=5) of the total coronal
surface area. Caudally, edema was observed in the perirhinal cortex, the basolateral and the
centromedial amygdala, the anterior cortical amygdaloid nucleus and amygdalopiriform
transition reaching 11+0.1% (n=5) of the total coronal surface area. Edema was associated
with multifocal microhemorrhage scattered along the rostro-caudal amygdaloallocortical axis.
Conclusion: We conclude that generalized convulsive seizures elicited by cholinergic
stimulation of the thalamus are at the origin of amygdaloallocortical microvascular
inflammatory processes leading to edema and multifocal microhemorrhage. The spatial
distribution of multifocal microhemorrhages was shown to correlate with microvascular and
glial-like cells expressing TNF-o and IL-1p within the amygdaloallocortical area
characterized by reduced and/or absent neuronal COX-2 expression. References: (1)
Mraovitch S. Isocortical hyperemia and allocortical inflammation and atrophy following
generalized convulsive seizures of thalamic origin in the rat. Cell Molec Neurobiol 23 (4/5)
773-791, 2003. (2) Mraovitch S., Calando Y. Limbic and/or generalized convulsive seizures
elicited by specific sites in the thalamus. Neuroreport. 6: 519-23, 1995.
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INTERFERON-GAMMA EXPRESSING IN FOCAL RABBIT CEREBRAL ISCHEMIC
INJURY

Xiaoping Wang', Fengcai Tang?

'Division of Neonatal-Perinatal Medicine, Emory University, Atlanta, GA, USA
Harbin Medical University, Department of Neurobiology, Harbin, China

Introduction: Interferon , a proinflammatory cytokine which has traditionally been associated
with inflammatory CNS, may be involved in the mechanisms of cerebral ischemia. To
investigate a potential role of interferon-gamma on brain injury caused by focal cerebral
ischemia (FCI), we investigated the expression of interferon-gamma mRNA in the cortex at
various times after FCI. Methods: FCI was induced by inserting a nylon monofilament suture
embolus into the right external carotid artery to occlude the middle cerebral artery (MCA) in
New Zealand white rabbits[1]. At various periods (1, 6, 12, 24h, 2d, and 6d) after FCI, the
brains were obtained, and frozen sections were prepared for INTERFERON-GAMMA
mRNA in situ hybridation(n=6). interferon-gamma mRNA in peripheral blood was also
measured(n=6). Results: In ischemic brain tissues, interferon-gamma mRNA began to
increase from 1 h after FCI and peaked 6d after FCI (Fig. 1). In contrast, in the non-ischemic
cortex, interferon-gamma mRNA also increased from 2d to 6d after FCI. When compared to
the non-ischemic side, interferon-gamma mRNA was significantly increased in the ischemic
hemisphere from 12h to 6d after FCI. (Fig.1). Additionally, in peripheral blood, interferon-
gamma mRNA significantly increased at various times after FCI (Fig. 2). Conclusion:These
results suggested that interferon-gamma might involve in the inflammation progress after
cerebral ischemia and cause brain injury. Reference:1. Longa, E.Z., Weinstein, P.R., Carlson,
S., Cummins, R., 1989. Reversible middle cerebral artery occlusion without craniectomy in
rats. Stroke 20, 84-91
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PERIPHERAL ADMINISTRATION OF INTERLEUKIN-18 EXACERBATES
ISCHAEMIC BRAIN DAMAGE AFTER TRANSIENT FOCAL ISCHAEMIA IN MICE

Barry W. McColl, Nancy J. Rothwell, Stuart M. Allan

Division of Neuroscience, Faculty of Life Sciences, University of Manchester, Manchester,
UK

Introduction Interleukin-1B (IL-1B) is a proinflammatory cytokine implicated in the
pathogenesis of ischaemic brain damage. In experimental models of cerebral ischaemia, IL-18
expression is up-regulated and administration of IL-1p intracerebroventricularly or into the
brain parenchyma exacerbates ischaemic damage. Conversely, administration of the IL-1
receptor antagonist is neuroprotective (1). IL-1p expression is also elevated in systemic
inflammatory conditions, such as atherosclerosis, and acute infection (2), which are risk
factors for stroke (3). However, the effects of increased systemic IL-1 levels on ischaemic
brain damage have not been studied. The present study determined the effects of peripheral
IL-1P administration on outcome after transient focal ischaemia in mice. Methods Transient
focal ischaemia (30min) was induced in C57Bl/6J mice (25 — 28g) by intraluminal filament
occlusion. Anaesthesia was induced with 3% halothane in 70% N2O and 30% O2 and
maintained with 1.5 — 2% halothane in the same mixture. A 6-0 nylon monofilament, coated
at the tip (2mm; 180um diameter) with “thermo-melting” glue, was positioned to occlude the
middle cerebral artery. At the onset of occlusion, mice received an intraperitoneal injection of
vehicle (0.5% bovine serum albumin in PBS; n = 5) or recombinant human IL-1 (4pg/mg; n
= 6). The filament was withdrawn after 30min to allow reperfusion. Neurological deficit (4)
was assessed at 4h and 24h after occlusion. Brains were removed 24h after occlusion and
frozen in isopentane (-42°C). Coronal sections (20um) were cut at 200um intervals, stained
with cresyl violet and the volume of ischaemic damage measured as described (5). Results
Peripheral IL-1P treatment significantly increased the total volume of ischaemic damage
compared to vehicle treatment (43 = Smm3 vs. 15 £ 3mm3, P < 0.001). IL-1pB treatment also
significantly increased the volume of ischaemic damage in the striatum (17 £ Imm3 vs. 12 +
Imm3, P < 0.05) and cerebral cortex (23 = 3mm3 vs. 3 = 2mm3, P < 0.001). The neurological
deficit score was greater at 4h and 24h after occlusion in the IL-1p-treated group compared to
the vehicle-treated group, although this reached statistical significance only at 24h (2 £ 0.3 vs.
1 £ 0.2, P < 0.05). Conclusions These data show that peripheral IL-1beta administration
exacerbates ischaemic brain damage and neurological deficit after transient focal ischaemia
and suggest that the systemic inflammatory status may be an important modulator of outcome
to ischaemic brain injury. Further characterisation of the peripheral inflammatory response
after cerebral ischaemia may reveal novel targets for therapeutic intervention. References (1)
Rothwell NJ. Brain Behav Immun 2003, 17: 152-157. (2) Perry VH et al. Nat Rev Neurosci
2003, 4: 103-112 (3) Emsley HC and Tyrrell PJ. J Cereb Blood Flow Metab 2002, 22: 1399-
1419 (4) Bederson JB et al. Stroke 1986, 17: 472-476 (5) Touzani O et al. J Neurosci 2002,
22:38-43
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EXPRESSION OF CYCLOPHILIN C-ASSOCIATED PROTEIN AND CYCLOPHILIN
C MRNAS IN FOCAL CEREBRAL ISCHEMIA

Tatsuya Shimizu®, Hideaki Imai*, Koji Seki', Shinichiro Tomizawa', Mitsunobu Nakamura’,
Fumiaki Honda', Nobutaka Kawahara?, Nobuhito Saito*

'Department of Neurosurgery, Gunma University Graduate School of Medicine, Maebashi,
Japan
’Department of Neurosurgery, University of Tokyo Graduate School of Medicine, Tokyo,
Japan

Background and Purpose: Immunophilin ligands, such as cyclosporin A and FK506, have
neuro-protective effects in experimental stroke models, although the precise mechanism is
unclear. Cyclophilin C-associated protein (CyCAP) is a natural cellular ligand for the
immunophilin, cyclophilin C, and has a protective effect against endotoxins by down-
modulating the proinflammatory response. The present study examined the pattern of
expression of CyCAP and cyclophilin C mRNA within the ischemic hemisphere using
Northern blotting and in situ hybridization at several time points (at 2 hours, 24 hours, 3 days,
and 7 days) after focal cerebral ischemia. Methods: Permanent middle cerebral artery
occlusion model (Tamura model) was employed in halothane anesthetized adult Sprague
Dawley rats (300-330g, n= 30). Rats were decapitated at 2 hours, 24 hours, 3 days, and 7 days
after ischemia. Sections of 20 um thickness were cut on a cryostat and were stained with
hematoxylin and eosin, and examined by light microscopy. For in situ hybridization, these
sections were applied by Digoxigenin -labeled antisense cRNA for CyCAP and cyclophilin C
probes. For Northern blot analysis, total RNA was isolated from dissected region such as
ipsilateral remote cortex, ischemic core cortex, and contralateral cortex. The [o-*?P] UTP-
labeled cRNA probes for CyCAP and cyclophilin C were used. Results: Both CyCAP and
cyclophilin C mRNAs were ubiquitously distributed in the neurons of the normal brain.
Expression increased in neurons of the peri-infarct zone up to 7 days after MCA occlusion.
The neuronal distribution was confirmed by counter-immunostaining of NeuN. Both mRNAs
were predominantly expressed in microglia of the ischemic core at 7 days, confirmed by
immunostaining with the microglial marker, ED1. The quantification of CyCAP and
cyclophilin C mRNAs at 7 days by Northern blot analysis showed the 8.5 fold increase
(P<0.005, n=6) and 6.8 fold increase (P<0.005, n=6), respectively, in ischemic core compared
with control. Conclusions: The observed changes in CyCAP and cyclophilin C mRNA
expression in response to permanent focal cerebral ischemia strongly suggest that these
molecules participate in intrinsic tissue protection by providing neuroprotection as a mimic of
cyclosporin A; by recruiting microglia/macrophages to remove potentially deleterious debris,
promote tissue repair by secreting growth factors, and facilitate the return to tissue
homeostasis; and by suppressing pro-inflammatory cytokines in response to ischemia.
Preservation of these effects could represent a novel pharmacological approach to counter the
inflammatory reaction triggered by cerebral ischemia. In addition, overexpression of CyCAP
in the penumbra suggests a role in cell survival, an intriguing possibility that deserves further
investigation.
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INNATE IMMUNE SIGNAL TRANSDUCTION MEDIATED
HYPERPHOSPHORYLATION OF TAU AND INFLAMMATORY CHANGES IN
HUMAN SH-SY5Y NEUROBLASTOMA CELLS

Nurun N. Begum®, Toshihisa Tanaka, Golam Sadik, Md. Ashik B. Ansar, Takashi Kudo,
Masatoshi Takeda

Osaka University Graduate School of Medicine,Department of Psychiatry and Behavioral
Proteomics Course of Advance Medicine, Osaka, Japan

Immunological and inflammatory changes and hyperphosphorylation of Tau protein are
observed in the pathogenesis of taupathies like Alzheimer’s disease as well as Subacute
Sclerosing Panencephalitis being caused by measles virus. However these pathological
changes are yet to be interlinked in a common explainable background. In this study the
relevance of mechanisms on phosphorylation of tau protein and up regulation of interleukins
as a mediator of inflammation were investigated in relation with an innate immune signal
transduction system. Toll-like receptors (TLRs) are the basic signaling receptors of the innate
immune system. They are activated by molecules associated with pathogens or injured host
cells and tissue. Toll like receptor-3 (TLR-3) has been shown to respond to double-stranded
(ds) RNA, a replication intermediary for many viruses. Expression of TLR-3 in brain has
been already reported. Activation of TLR-3 was known to transduce its signal into
intracellular transduction pathway, leading to activation of JNK and p38 MAPK and also NF-
kB; a transcription activator of various inflammatory mediators. Method and results: Total
RNA was isolated from SH-SY5Y cells by using with an RNeasy kit (Qiagen) and the
structural integrity of RNA was evaluated by observing the sharpness of 28s and 18s r RNA
band. 2.8 pgm of isolated RNA had been used to perform RT-PCR of TLR-3 in human
neuroblastoma, SH-SY5Y cells. Thus the endogenous expression of TLR-3 in SH-SY5Y cells
was initially confirmed at mRNA level by RT-PCR. Finally, expression of TLR-3 was
confirmed at protein level by western blot analysis. Then the cells were treated with 50ug/ml
of polyinosinic-polycytidylic acid (plpC), a synthetic analogue of dsSRNA and changes of
phosphorylation of tau protein were investigated. Further the level of phosphorylation of tau
protein was investigated when cells had been previously treated with 10 ng/ml of
lipopolysaccharide (LPS) for 6 hours to induce over-expression of TLR-3. Increased
phosphorylation of tau protein at PHF-1 site (Ser396/404) and activated JNK and p38 MAPK
were observed in cells treated with plpC. and these effects were enhanced when cells were
pre-treated with LPS, a known transducer of TLR-3. We also evaluated the level of
interleukin 6, one of the inflammatory mediator regulated by NF-kB in the down stream
signal transduction of TLR-3. Conclusion: In this study for the first time, we evaluated the
expression of TLR-3 and its functional consequences upon activation, in human SH-SY5Y
neuroblastoma cells. These data suggest that Toll like receptor 3, an innate immune molecule
might be a potential link between hyperphosphorylation of tau protein and inflammatory
changes in neurodegenerative processes of Alzheimer’s disease and other taupathies like
Subacute Sclerosing Panencephalitis.
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THE TNFALPHA-TRANSGENIC RAT: ANEW MODEL OF CYTOKINE-MEDIATED
ISCHEMIC BRAIN INJURY

L. Creed Pettigrew"?, Mary L. Holtz"-, Mark S. Kindy> *, Thomas C. Foster,
David S. Grass®, Susan D. Craddock’

'Department of Neurology and Sanders-Brown Center on Aging, University of Kentucky,

Lexington, KY, USA

Department of Veterans Affairs Medical Center, Lexington, KY, USA

3Department of Veterans Affairs Medical Center, Charleston, SC, USA

“Department of Physiology and Neuroscience, Medical University of South Carolina,

Charleston, SC, USA

5McKnight Brain Institute, University of Florida, Gainesville, FL, USA

6Xenogen Biosciences, Cranbury, NJ, USA

Introduction: Tumor necrosis factor-alpha (TNFa) is a pleotrophic cytokine suspected to
enhance or deter cellular survival by activation of signal transduction cascades. Brain tissue
levels of TNFa are increased after middle cerebral artery occlusion (MCAO). We describe a
new model of ischemic brain injury in a transgenic (Tg) rat overexpressing the murine TNFa
gene. We tested the hypothesis that chronic elevation of TNFa in the brain of the Tg rat will
expand infarct volume after MCAO and cause impairment of spatial discrimination compared
to wild type (WT) controls, without affecting post-ischemic reperfusion. Methods: We
constructed a Tg rat overexpressing the murine TNFa gene with its own promoter. Levels of
TNFa protein were quantified in tissue homogenates prepared from Tg rats and WT controls.
Parallel groups of Tg and WT rats underwent MCAO for 1 h before assessment of percent
infarct volume 24 h or 7 d afterward. Animals rendered ischemic and sustained for 7 d
underwent a spatial discrimination task in a Morris water maze before measurement of infarct
volume. Cortical perfusion was monitored by laser-Doppler flowmetry (LDF) during and
after MCAO. Results: TNFa protein in brain was fivefold higher in non-ischemic Tg vs. WT
rats (57+12 [SD] vs. 10£3 pg/100 mg protein; n=3 per group; p<0.01; unpaired t test). At 24
h, mean %infarct volume was greater in Tg animals (32+11%; n=7) than in WT controls
(17£10%; n=9; p<0.01; unpaired t test). Both groups learned a spatial discrimination task
before ischemia (decrease in escape latencies over 5 trial blocks: WT 34.4+16.3 to 8.7+7.2
sec [n=10]; p=0.0002; Tg 44.3£10.9 to 25.8+22 sec [n=6]; p=0.0012; ANOV A /Fisher’s test).
No significant differences between non-ischemic groups were detected except in the fifth trial
block (p=0.02). Post-ischemic WT rats (n=7) showed differential search strategy by spending
more than 25% of allotted time in the goal quadrant (39.9+14%; p=0.03; t-test). Tg rats (n=6)
failed to demonstrate preference for the goal quadrant that exceeded chance. No significant
difference was detected in mean percent infarct volume measured at 7 d between post-
ischemic WT (18+8%) and Tg (21+7%) rats. There were no significant differences between
Tg and WT rats (n=10 per group) in mean cortical perfusion measured by LDF at pre-
ischemic baseline, during 1 h of ischemia, or during 30 min of post-ischemic reperfusion.
Conclusion: TNFa protein was elevated selectively in brain of Tg rats and remained low in
serum and external organs. Overexpression of TNFa in brain had no effect on cortical
perfusion during and after MCAO, but probably contributed to greater observed infarct
volume in Tg animals at 24 h. The difference in infarct volume between WT and Tg animals
observed after 24 h was not apparent after 7 d of post-ischemic reperfusion. This may indicate
time-related amelioration of acute inflammatory reactions. Both groups of non-ischemic
animals performed successfully in cognitive assessment tasks. Ischemic WT rats maintained
spatial discriminatory skills while Tg rats failed to persist in the goal quadrant appropriately,
perhaps due to the effect of chronic TNFa expression on synaptic architecture.
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THE HEPATIC CHEMOKINE RESPONSE TO SPINAL CORD INJURY - A NEW
TARGET FOR THERAPEUTIC INTERVENTION

Sandra J. Campbell, Daniel C. Anthony
Department of Pharmacology, University of Oxford, Oxford, UK

Following acute inflammation in the rodent brain, one of the earliest events is the hepatic
release of regulatory acute phase proteins (APP), which occurs before there is any evidence of
an inflammatory response in the brain. We have found that one of the first APPs to be
released from the liver in response to interleukin-1 beta (IL-1__-mediated experimental brain
inflammation is the CXC chemokine, cytokine-induced neutrophil chemoattractant-1 (CINC-
1). We now show that the hepatic chemokine response to injury is not restricted to the CXC
chemokines and is a significant feature of the APR in a rodent model of spinal cord injury.
CCL-2 and CINC-1 mRNA and protein, are rapidly expressed and released by the liver in
response to injury. This hepatic chemokine response controls monocyte and neutrophil
mobilisation and recruitment to the spinal cord and to the liver. Elevated CCL-2/CINC-1
MRNA and protein were observed in the liver as early as 2h following a mild compression
injury in the spinal cord compared to a sham operation with laminectomy. Intravenous
injection of anti-CINC-1 alone was sufficient to inhibit the mobilisation of blood neutrophils
and to inhibit the recruitment neutrophils to the injured cord and to the liver. CINC-1
inhibition also reduced lesion volume and preserved axon integrity. Thus hepatic chemokine
production may regulate the CNS response to inflammation by controlling leukocyte
recruitment to the injured spinal cord. Figure: A partial laminectomy was carried out at T8,
and a controlled spinal cord compression injury was performed. Tagman RT-PCR (a, ¢) was
used to assess the (a) CCL-2 and (c) CINC-1 mRNA levels in the liver 2h and 4h post-injury.
Immunohistochemistry (b,d) was used to assess the number of activated kupffer
cells/recruited monocytes (ED-1-positive cells) (b) and recruited neutrophils (d) in the liver
post-spinal cord injury. Dashed red lines represent levels of mMRNA and liver cells in naive
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SYSTEMIC ADMINISTRATION OF LIPOPOLYSACCHARIDE DURING
TRANSIENT FOCAL CEREBRAL ISCHEMIA LEADS TO CHRONIC CNS
INFLAMMATION

Kyra J. Becker, Darin L. Kindrick, Mark P. Lester, Connor P. Shea
Department of Neurology, University of Washington School of Medicine, Seattle, WA, USA

Background: Patients who become infected after stroke have worse neurological outcome
than those who remain infection free. The nature of this association is unclear. We sought to
determine the effects of lipopolysaccharide (LPS) administration during middle cerebral
artery occlusion (MCAO) on neuropathology one month later. Methods: Male Lewis rats
were subjected to 3 hours of MCAO. At the time of reperfusion, a subset of animals was
injected intraperitoneally with LPS (1 mg/kg). Animals were sacrificed at various time points
after stroke for histological and immunocytochemical analysis. Temperature and behavioral
outcome were monitored. Results: Initial infarct size at 6, 24, and 72 hours did not differ
between LPS(+) and LPS(-) animals. One month after MCAQO, the ischemic hemispheres of
LPS(+) animals were more atrophic than that of LPS(-) animals (Figure 1; P<0.05) and there
were more apoptotic neurons in this hemisphere (P=0.03). LPS(+) animals also had evidence
of ongoing CNS inflammation with more CD8+ cells in the ischemic hemisphere (P=0.02)
and more neutrophils in the ischemic core (P=0.04). Discussion: We show that injection of
LPS 3 hours after MCAO onset leads to long-term pathological changes in the brain
consistent with chronic inflammation. Exposure to inflammatory stimuli after clinical stroke
may similarly enhance the CNS inflammatory response and neuronal cell death in patients,
which might be expected to lead to worse clinical outcome.
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SEX DIFFERENCES IN POSTTRAUMATIC INFLAMMATORY CYTOKINES IN
THE RAT BRAIN

Sylvia Guerrero, Karell Curbelo, Ofelia Furones-Alonso, Helen M. Bramlett

Department of Neurological Surgery, The Neurotrauma Research Center and The Miami
Project to Cure Paralysis, University of Miami School of Medicine, Miami, FL, USA

Introduction: Several injury cascades are activated following traumatic brain injury (TBI) and
cerebral ischemia, for review see (1), resulting in an increase in damage following the initial
insult. One important response which is also a viable target for therapy is inflammation.
Following trauma, activated microglia, astrocytes and infiltrating macrophages are present.
These cells release both pro- and anti-inflammatory cytokines. We (2) and other investigators
have reported on the acute inflammatory response after TBI in males. However, our recent
findings show smaller contusion volumes in female rats compared to males (3) which leads to
questions of whether this post-TBI inflammatory response is different between the two sexes.
Several in vitro studies have shown positive effects of hormones in regulating cytokines.
Therefore, the purpose of this study was to document sex differences in the acute expression
of inflammatory cytokines following TBI. Methods: 73 rats underwent moderate fluid
percussion brain injury (1.8-2.2 atm) or sham surgery as previously described (4). Groups
included TBI male (n=19), TBI female (n=19), sham male (n=5), and sham female (n=5).
Additional females (n=25) underwent an ovariectomy (ovx) 10 days prior to injury. Animals
were sacrificed at 1, 3, 24 and 72 hours after TBI and the brains immediately removed. Sham
animals were sacrificed at 24 hrs post-TBI. The injured cerebral cortex was quickly dissected
and frozen until analysis. IL-1beta and TNF-alpha protein levels were quantified using a
commercially available ELISA kit. Results: Both IL.-1beta and TNF-alpha protein levels were
significantly different for group (p<0.05) and time (p<0.05). TBI male animals had higher
amounts of TNF-alpha at 1 and 3 hrs post-injury compared to intact female or OVX groups.
IL-1beta levels were significantly (p<0.05) higher for males at 3 hrs compared to intact
female or OVX animals. Interestingly, OVX females had lower protein levels of TNF-
alphacompared to TBI-M and TBI-F groups. All TBI groups were at sham levels by 24 and
72 hrs post-injury. Figure 1: Mean +/- std dev for IL-1beta and TNF-alpha protein levels
which are differentially regulated by TBI and sex. Conclusion: As previously discussed, the
inflammatory response plays an important role in the pathophysiology of TBI. Based on the
data presented here, this profile of cytokine release is influenced by sex hormones. These
results could have possible implications for sex-specific therapeutic interventions targeting
inflammation after brain injury. References: [1] Bramlett HM, Dietrich WD; J Cereb Blood
Flow Metab 24:133-150 (2004) [2] Chatzipanteli K, Alonso OF, Kraydieh S, Dietrich WD; J
Cereb Blood Flow Metab 20:531-542 (2000) [3] Bramlett HM, Dietrich WD; J Neurotrauma
18:891-900 (2001) [4] Dietrich WD Alonso O, Busto R et al., Acta Neuropathol 87:250-258
(1994) Grant support: Supported by NIH grant NS43233
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EFFECTS OF INTRAUTERINE INFLAMMATION ON DEVELOPING MOUSE
BRAIN

Xiaoyang Wang', Carina Mallard®, Bo Jacobsson? 3, Henrik Hagberg" 2

Perinatal Center, Department of Physiology, Goteborg, Sweden
Department of Obstetrics and Gynecology, Sahlgrenska Academy, Goteborg, Sweden
*North Atlantic Neuro-Epidemiology Alliances (NANEA), University of Aarhus, Aarhus,
Denmark

OBJECTIVE Clinical and experimental evidence indicate that the presence of intrauterine
inflammation in pregnancy is not only a cause of preterm birth but is also associated with
perinatal brain damage and long-term neurological handicap. In the present study, preterm
delivery was induced using a recently developed model in C57BL/6 mice through intrauterine
administration of lipopolysaccharide (LPS), and the neuropathological outcome was
investigated in surviving pups. METHODS C57BL/6 mice were subjected to intrauterine
infusion (between the amniotic and chorionic membranes) of LPS (250 pg/mouse or
125ug/mouse) or saline, at a time corresponding to 70% of average gestation (gestational day
15). Fetuses that survived after LPS administration were allowed to deliver and were
sacrificed on postnatal 14 days (PND 14) at a time in development when myelination has
started. Brain injury was examined in parallel sections stained with H & E, Lectin,
microtubule associated protein 2 (MAP2), myelin basic protein (MBP) and glial fibrillary
acidic protein (GFAP). RESULTS The brain weight of LPS-exposed pups (n=12) were
significantly lower than that of saline-exposed pups (n=21) at PND14 (brain weight LPS
0.278 £ 0.008 g vs. control 0.303 £ 0.005g, p=0.017). In all LPS-exposed brain sections
examined (n =12), 8 displayed various abnormalities that were not observed in any of the
saline-exposed animals. Three brains displayed enlarged ventricles as determined in H&E
stained sections. Four brains exhibited decreased MBP density in the white matter indicating
hypomyelination. Focal cerebral white matter cysts surrounded by activated astrocytes were
detected in 5 of the LPS-exposed pups. A focal cortical gray matter lesion was detected by
MAP2 immunostaining. The infarct and border zone area was infiltrated with activated
microglia and astrocytes. The wedge-like form of the injured area in combination with a
vessel located centrally proximal to the lesion suggested a thrombotic infarction. None of
these pathologies were detected in sham-treated animals. CONCLUSIONS LPS impaired
brain development and various brain lesions were produced in both the white and gray matter
in a clinically relevant model of preterm birth in mice. We suggest that some of this brain
damage might be related to LPS-induced perturbation of coagulation. The mechanism by
which LPS induces injury in the developing brain needs to be further explored.
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GONADAL HORMONES MODULATE LPS-INDUCED INFLAMMATORY
MARKERS IN RAT CEREBRAL BLOOD VESSELS

Rayna Gonzales, Ali Razmara, Lorraine Sunday, Diana Krause, Sue Duckles

Pharmacology, University of California Irvine, Irvine, CA, USA

Following ischemic injury, activation of inflammatory mechanisms plays a significant role in
cerebrovascular pathogenesis. In the rodent model, previous studies suggest that endogenous
female sex steroids attenuate cerebral ischemia/reperfusion injury following experimental
stroke. Because sex hormones modulate the outcome of ischemic injury in brain tissue, we
investigated the impact of chronic in vivo estrogen or testosterone administration on
cerebrovascular inflammation induced by the potent endotoxin, lipopolysaccharide (LPS). We
hypothesized that estrogen will suppress, while testosterone will exacerbate the induction of
cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS), important mediators
of vascular inflammation contributing to the onset of cerebral tissue injury. The localization
of LPS-induced COX-2 and iNOS protein was confirmed in both the endothelial and vascular
smooth muscle layers of cerebral blood vessels using antibody specific staining and confocal
microscopy. Initial experiments were performed to establish peak induction of COX-2 and
INOS protein levels in cerebral vessel homogenates from female and male rats using Western
blot. Protein levels of COX-2 and iNOS were greatest at 6 hours post LPS (2 mg/kg i.p.)
injection; thus this time point was selected to determine the effect of estrogen or testosterone
on LPS-induced inflammation in cerebral blood vessels. Fischer-344 rats were
gonadectomized and implanted with hormone filled pellets for 3 weeks. Orchiectomized male
rats were treated without (ORX) or with either testosterone propionate (ORX+T) or 17 beta-
estradiol (ORX+E). Ovariectomized female rats were treated without (OVX) or with 17 beta-
estradiol (OVX+E). LPS treatment increased protein levels of both COX-2 and iNOS in
cerebral blood vessels from all groups compared to saline (6 hr) injected controls. However,
the induction of COX-2 and iNOS protein by LPS was significantly attenuated in cerebral
vessels from OVX+E and ORX+E compared to OVX and ORX controls, respectively. In
contrast, there was a marked increase in LPS-induced COX-2 and iNOS protein levels in
cerebral vessels from ORX+T compared to ORX controls. In conclusion, it is likely that
opposing actions of testosterone and estrogen to modulate cerebrovascular inflammation may
contribute to the well-known gender differences clinically observed in stroke incidence and
outcome. Supported by NIH grant HL-50775 and AHA Postdoctoral Fellowship (RG).
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INTERLEUKIN-6 TRIGGERS HUMAN CEREBRAL SMOOTH MUSCLE CELL
PROLIFERATION

Jinghua S. Yao', Zheng Xue', William L. Young" %3, Guo-Yuan Yang"?

The Center for Cerebrovascular Research, Departments of Anesthesia and Perioperative
Care, University of California, San Francisco, CA, USA
Department of Neurological Surgery, University of California, San Francisco, CA, USA
*Department of Neurology, University of California, San Francisco, CA, USA

Introduction: Interleukin?6 (IL?6), a pleriotropic cytokine, is proposed to play a crucial role in
inflammatory response (ref). Further study shows that IL?6 also plays important roles during
angiogenesis and vascular remodelling, depending upon cell types. We investigated the
effects of IL?6 on a major cell type crucial for remodelling, human cerebral vascular smooth
muscle cells (HCSMCs). Methods: HCSMCs were grown to confluence on gelatin coated
35mm dishes and then treated with IL-6 protein at different concentrations (25-200ng/ml).
HCSMC proliferation was determined using a BrdU assay kit, and migration was determined
using a HCSMC invasion assay. Expression of vascular endothelial growth factor (VEGF)
and VEGF receptor, the kinase insert domain—containing receptor (KDR), and matrix
metalloproteinase (MMP)-3, -9 protein and mRNA levels were determined using Western
blot analysis, ELISA, and real time —polymerase chain reaction (RT-PCR) assay, respectively.
MMP-9 activity was determined using MMP zymography. Results: VEGF had a minimal
mitogenic effect on HCSMCs. However, IL?6 induced HCSMC proliferation and migration in
a dose dependent manner. To explore the signal transduction pathway for the effect of IL-6 on
HCSMC proliferation, we studied the downstream factor expression in HCSMCs (VEGF,
MMP-3, -9). IL-6 significantly enhanced VEGF, MMP-3, -9 both mRNA and protein
expression levels in HCSMCs compared with the control (without IL-6 treatment, p<0.05),
respectively. Neutralizing or inhibiting IL?6 and/or VEGF using antibodies or inhibitors
could block IL-6 induced HCSMC proliferation. Importantly, we demonstrated that IL-6
directly activated KDR phosphorylation in the IL-6 treated HCSMCs. Blocking KDR
abolished I1L?6 induced HCSMC proliferation. Conclusion: Our results indicate that the IL?6
treatment accelerated HCSMC proliferation through stimulation of the VEGF-KDR-MMP
signal pathway. We provide the first evidence that IL?6, by triggering KDR phosphorylation,
plays an important role in IL-6 induced HCSMC proliferation. HCSMC-derived MMPs could
be an additional source of proteases to digest vascular basement membranes, potentially
providing a key step in the initial stage of brain angiogenesis. MMPs may also contribute to
HCSMC migration in angiogenesis. References: [1] He Wang and Joan A Keiser; Circ Res 83
832 - 840 (1998) Supported by NIH grants: PO1 NS and RO1 NS27713 (WLY) and R21
NS45123 (GYY)
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THE INFLAMMATORY CELLS AND TNF, TGF IN HUMAN INFARCTED BRAIN
Yupu Guo', Qingjie Zhao

'Neurological Department, PUMCH, Beijing, China
*Neurological Department, Harbin Medical University Hospital, Harbin, China

Obijective: To study the relationship between inflammation and infarction, protect or damage?
Method: seven infarcted autopsy brain were enrolled in our study with different ischemia
time, we observed the active microglia and macrophage by CD68,and the others including
LCA,GFAP,TNF and TGF,still about the cytoskeleton,NF100 and MAP2. All of them
finished by immunohistochemistry.Results:from 10 hours to 48 hours after ischemia there are
the actived microglia in the centre of the infarct area. From the third day to two weeks the
actived microglia are in the surrounding area, the edge of the infarction and the neighbor
responsive area. The astrocyte disappear in the necrosis centre of the infarction and
astrocytosis appear in the surrounding area from the ischemia 10 hours to two weeks. The
longer of the ischemia time,the more far from the centre of infarction, the astrocytosis
distribution is. The actived astrocyte also show the shape from rod with branch to protoplasm.
The macrophage appear in the centre of infarction at 27 hours after ischemia, and much more
were seen two days later. All the LCA are negative in infarcted brain, but they are positive in
the heamorrhage brain. The TNF distribution are same to the microglia at the early time and
same to the astrocyte at the late time. The TNF are expressed mainly by astrocyte, only a little
by vesseles and neurons. After 27 hours, some isolate area, the hippocampus have a lot of
TNF expression, and in four cases, the opposite hippocampus have a lot TNF expression. TGF
expressed in the surrounding area. Conclusion: The microglia have more relationship with the
infarction mature. The function of astrocytosis seems partly same to the TNF. They may both
have the function of damage and repair.
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PREDICTING EFFECTS OF THROMBOLYTIC THERAPY IN ACUTE STROKE
PATIENTS USING MR IMAGING
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Jens Fiehler®, Joachim Rother4 Leif Ostergaard®

'Center for Functionally Integrative Neuroscience, Arhus University Hospital,
Aarhus, Denmark
?Image Sciences Institute, University Medical Center Utrecht, Utrecht, The Netherlands
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*Department of Neurology, University Hospital Hamburg-Eppendorf, Hamburg, Germany

Introduction: Predicting response to treatment strategies for stroke patients prior to therapy
can aid the clinical decision making process and improve patient outcome. Algorithms
combining multiple MRI parameters accurately predict tissue infarction in patients imaged
<12h from symptom onset who did not receive thrombolysis [1]. This study extends
application of these algorithms to patients imaged at the hyperacute stage who were treated
with thrombolytic therapy. Methods: Acute stroke patients who received diffusion-weighted
(DWI) and perfusion-weighted (PWI) MRI within 6 h of symptom onset and a follow-up after
5-8 days (F/U) [2] were retrospectively analyzed. Patients either received standard medical
treatment (Group 1; n=12), or thrombolysis (Group 2; n=29). All thrombolysed patients were
imaged prior to drug administration. Apparent diffusion coefficient (ADC), T2-weighted
images, isotropic DWI, CBF, CBV, mean transit time (MTT) and transit delay maps were
calculated, coregistered, normalized with respect to contralateral normal white matter values
and used to train a predictive algorithm which outputs infarction risk on a voxel-wise basis
[1]. Model parameters were trained using regions of infarcted and non-infarcted tissue
outlined on the F/U. Model 1 was trained from all Group 1 data. Model 2 was developed
using Group 2 data and applied using jackknifing. Predicted lesion volumes (PLV) were
defined as tissue with > 50% infarction risk. PLV were compared to the measured lesion
volumes (MLYV) that had been used for training. Patients exhibiting complete reperfusion on
F/U according to modified TIMI criteria [2] were classified as reperfusers and others as non-
reperfusers. Results: Absolute differences between PLV and MLV were larger for Model 1
(105+£57 cm3) than Model 2 (78+49 cm3) (p<.001). The calculated infarction risk was greater
for Model 1 than Model 2 (p<.001). Model 2 infarction risk was lower for reperfusers than
non-reperfusers (p=.04). Fig 1 shows an example where, using the same input data,
significantly lower infarction risk is predicted if the patient were to receive thrombolysis.
Discussion: The results show that infarction risk on a voxel-wise basis is predicted to be
reduced by thrombolysis, demonstrating the potential of these algorithms for prospectively
identifying effect of a therapeutic intervention. In addition, statistical algorithms may provide
an objective measure for identifying patients most likely to respond favorably to intervention.
Furthermore, the spatial heterogeneity of predicted risk values likely reflects varying degrees
of existing tissue injury and salvageability within the PLV. References: 1. Wu O, et al.
Stroke. 2001; 32, 933-42. 2. Fiehler J, et al. Stroke. 2002; 33, 79-86.
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ULTRASOUND-AUGMENTED THROMBOLYSIS IMPROVES OUTCOME IN
HYPERGLYCAEMIC STROKE

Sharyl Martini*2, Michael D. Hill®, Andrei V. Alexandrov*, Carlos A. Molina’,
Thomas A Kent"?
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Introduction: Human and animal studies indicate that hyperglycaemia worsens outcome in
acute ischemic stroke, especially after reperfusion or thrombolysis. No treatment has been
shown to overcome its detrimental effects. The mechanism by which hyperglycaemia worsens
stroke outcome is not established. Prior work indicated that reperfusion vascular injury
rapidly impairs eNOS resulting in a contractile phenotype, impairing reperfusion blood flow
and worsening the ischemic deficit. Intriguingly, therapeutic ultrasound can rapidly increase
perfusion of ischemic tissue, possibly via phosphorylation of eNOS. The CLOTBUST trial
(Alexandrov et al NEJM 2004;351(21):2170-8) demonstrated enhanced lytic activity of tPA
when augmented with diagnostic pulsed wave Doppler ultrasound. We hypothesised that
hyperglycaemic stroke subjects might benefit from ultrasound therapy and that this effect
would not be solely due to enhanced recanalisation. Methods: 126 acute MCA ischemic
stroke subjects treated within 3 hours with tPA were randomised to either sham or active
continuous ultrasound therapy of the MCA. Primary outcome was 90 day modified Rankin
Scale score of 0-2. We sought an interaction between glucose and active ultrasound treatment
in a simple logistic regression model, subsequently searching for potential confounding
variables using backwards elimination. Age and baseline NIHSS were included in the final
model. The interaction term was tested using a likelihood ratio test. Results: 32% of controls
and 33% of active ultrasound subjects had baseline serum glucose levels >140mg/dL. High
glucose levels predicted a lower probability of functional independence in the control but not
the active ultrasound group, as demonstrated by a statistically significant interaction between
glucose and treatment group (p=0.043). This beneficial effect of ultrasound on outcome was
particularly prominent at high glucose levels (Figure). Of subjects with admission glucose
>200 mg/dl, none of the controls recanalised at 2 hours, compared to 24% in the active
ultrasound group (NS, p=0.417). None of these controls were functionally independent at 90
days, compared to 75% of the active ultrasound subjects (p=0.024), even though no early
recanalisation was demonstrated in half of the active ultrasound subjects. Discussion:
Ultrasound exposure overcame the negative effect of hyperglycaemia on outcome. This is the
first therapy that has improved functional outcome in hyperglycaemic stroke subjects.
Additional analyses supported our hypothesis that the mechanism of benefit is not due to
enhanced or earlier recanalisation, suggesting that ultrasound may act through other
mechanisms, including beneficial vasodilatory actions within the vessel wall and downstream.
Future planned studies will test this hypothesis prospectively.
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ALBUMIN THERAPY FOR NEUROPROTECTION IN ISCHEMIC STROKE: ALIAS
| TRIAL

Myron D. Ginsberg', Michael D. Hill?, Yuko Y. Palesch’, Karla J. Ryckborst’,
Diego Tamariz'
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Carolina, Charleston, SC, USA

Human albumin (ALB) therapy is highly neuroprotective in preclinical models of cerebral
ischemia. Multiple mechanisms underlie ALB’s efficacy: fatty-acid and transition-metal
binding, antioxidant and oncotic actions, and salutary microcirculatory effects. Design: In this
dose-escalation trial, ALB (25% solution) was administered within 16 h of stroke onset to
subjects with acute ischemic stroke and NIH Stroke Scale scores (NIHSSS) > 6. Two cohorts
were assessed: 1) those also receiving IV tPA; and 2) those not given tPA. Seventy subjects
have been enrolled into 5 ALB dose-tiers: I [0.34 g/kg; n=9 (tPA) and 8 (non-tPA)]; II [0.68
g/kg; n=5 and 6], III [1.03 g/kg; n=6 and 6]; IV [1.38 g/kg; n=9 and 9]; and V [1.71 g/kg;
n=6 and 6]. Mean age (= SD) was 66 + 15 years; 38 were male. ASPECTS CT-scan score was
8.1 = 2.3. The 2-h ALB infusion was begun at 8.2 + 3.7 h after stroke onset. Post-discharge
assessments (modified Rankin (mRS), Barthel, NIHSSS) were conducted at 1 and 3 months.

Safety: Six of the 70 subjects died; all had severe strokes (NIHSSS 23-38).
Pulmonary edema occurred in 3 subjects of tier IV (but in none of tier V, when prophylactic
administration of furosemide was encouraged). One serious adverse event (SAE) (congestive
failure with prolonged hospitalization) in tier III was possibly ALB-related. No tier IV or V
subject had ALB-related SAE’s. Clinical course: Mean NIHSSS was 13.7 + 6.6
initially; 8.8 £ 8.6 at 72h; and 5.4 = 6.6 at 3 mo. In both cohorts, NIHSSS tended to improve
more extensively over time at higher ALB dose-tiers, particularly in the tPA cohort (Figure).
Overall, mean NIHSSS declined from 14.1 (initial) to 7.8 (3 mo) in tier I, from 16.1 (initial)
to 3.4 (3 mo) in tier IV, and from 8.7 (initial) to 3.6 (3 mo) in tier V. Of note, the tier IV and
tier V ALB doses (1.37 and 1.71 g/kg) exceeded the highly-protective per-kg dose in
preclinical focal-ischemia studies (1.25 g/kg).  In the tPA subgroup (n=35), tPA was given
at 2.3 £ 0.9 h post-stroke onset, and i.v. ALB was started at 6.6 = 3.2 h. By contrast, in the
non-tPA subgroup, i.v. ALB was started 3 hours later (9.6 £ 3.5 h). In the tPA subgroup,
significantly greater improvement in NIHSSS was observed at the higher ALB dose-tiers (IV
+ V) than at lower dose-tiers (Figure). Conclusions: ALB therapy is well tolerated, and data
suggest that higher-dose ALB may improve neurological outcome. We are planning to
implement a randomized multicenter, placebo-controlled Phase III trial of this therapy — the
ALIAS Trial. Supported by NIH Grants NS40406 and NS48784.

Dk NIHSSS a2 el




126

INITIAL EVIDENCE FOR PERI-INFARCT DEPOLARIZATION OR CORTICAL
SPREADING DEPRESSION AS A CAUSE OF NEUROLOGICAL DETERIORATION
IN PATIENTS WITH SUBARACHNOID HAEMORRHAGE

Robin Bhatia', Martyn G. Boutelle?, Parastoo Hashemi?, Martin Fabricius®, Martin Lauritzen®,
Susanne B. Fuhr®, Lisette Willumsen®, Anthony J. Strong*

'Department of Clinical Neurosciences, King's College London, London, UK
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*Department of Clinical Neurophysiology, Glostrup Hospital and University of Copenhagen,
Copenhagen, Denmark
*Department of Neurosurgery, Glostrup Hospital and University of Copenhagen,
Copenhagen, Denmark

Introduction Non-haemorrhagic neurological deterioration occurs in some 20% of patients
with aneurysmal subarachnoid haemorrhage (SAH), is maximal in days 3-8 post SAH and
associated with ischaemia, is difficult to treat, and is linked with worse outcome. It has been
attributed to adverse effects on the cerebral microcirculation of products of erythrocyte lysis
in the subarachnoid space, and superfusion of model post-SAH cerebrospinal fluid over the
brain in rats induces spreading ischaemia resembling a peri-infarct depolarisation{1}. Here
we report findings compatible with a similar mechanism in the human brain. Methods With
ethics approval, 2 patients undergoing surgery for ruptured middle cerebral (1) or anterior
communicating (1) aneurysms were enrolled in the COSBID study ( www.cosbid.org ). We
monitored electrocorticogram (EC0oG){2}, and in the first patient, microdialysate glucose and
lactate{3}, each at 30 second intervals, for a minimum of 2 days following surgery. Results In
patient 1, recurrent waves of depression of the cortical activity propagated along the electrode
strip (middle temporal gyrus) at 2-5 mm/min. 33 events were recorded between 9 and 28
hours after surgery (12 days after SAH), 18 of them associated with stereotyped, coupled
transient reductions in dialysate glucose and increases in lactate (Figure). Focal neurological
deficit increased during this period. In patient 2, 3 episodes of depression occurred,
propagating at 4-5 mm/min. The patient was comatose and ventilated during the entire period
of monitoring. Discussion To our knowledge this is the first report of spreading depression-
like events occurring in patients after SAH: in one there was simultaneous neurological
deterioration, and the associated metabolic transients closely resemble those observed
experimentally in the penumbra{3}. The capacity of peri-infarct depolarisations to reduce
cortical perfusion and to increase infarct size suggests that a clear mechanism for
deterioration and target for treatment in poor grade SAH patients is now emerging.
References 1. Dreier JP et al. J. Neurosurgery: 93: 658-666, 2000. 2. Strong AlJ et al. Stroke:
33: 2739-2744, 2002. 3. Hopwood SE et al. J Cereb Blood Flow Metab, in press.
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A PANEL OF BIOMARKERS MAY SUCCESSFULLY PREDICT ACUTE STROKE
DIAGNOSIS

Joan Montaner, Anna Rosell, Pilar Delgado, Marc Ribo, Francisco Purroy, Anna Penalba,
Israel Fernandez-Cadenas, Carlos Molina, Jose Alvarez-Sabin

Neurovascular Research Laboratory, Stroke Unit, Vall D'Hebron Hospital, Barcelona, Spain

Background- At present, the absence of a widely available diagnostic test for acute cerebral
ischemia remains a significant limitation in the diagnosis (mostly made on clinical grounds
and CT) and management of stroke. Moreover, the relationship between blood biomarkers
and brain tissue expression of those markers following ischemic or hemorrhagic stroke
remains largely unknown. Purpose and methods- To examine the prognostic value of a
diagnostic panel of blood-borne biochemical markers of cerebral ischemia, consecutive
patients with acute focal neurological deficit within the last 24 hours attended by neurologists
were evaluated. Blood samples were drawn at arrival. CT, ultrasonography and other tests
were done to make precise etiologic diagnosis. Patients were classified as “real strokes
(strokes)” or “other causes mimicking stroke (mimics)”. Tested biomarkers were CRP, D-
dimer, RAGE, MMP-9, s-100b, BNP, NT-3, Caspase-3, Chimerin and Secretagogin (assayed
by ELISA). Healthy controls (n=99) were studied to obtain biomarkers normality values. In a
subgroup of deceased stroke patients, biomarkers expression was studied in the brain
parenchyma (ischemic core, penumbra and contralateral areas in ischemic strokes and
perihematoma and contralateral areas in hemorrhagic strokes) by means of Western Blot and
Zymographic techniques. Results- The complete protocol was achieved in 1005 patients (915
were strokes and 90 were mimics). Most biomarkers were higher among stroke patients
compared to controls (CRP, D-dimer, MMP-9, BNP and Caspase-3, p<0.05) except for lower
levels of Secretagogin (p=0.017). Main independent predictors of stroke versus mimics were:
Caspase-3 >1.96 (OR=3.32; 1.88-5.88, p<0.0001), D-dimer >0.27 (OR=2.97; 1.72-5.16;
p=0.0001), RAGE >0.91 (OR=2.19; 1.26-3.83, p=0.006), Chimerin >1.11 (OR=0.4; 0.19-
0.81, p=0.011), Secretagogin >0.24 (OR=0.51; 0.27-0.97, p=0.041) and MMP-9>199
(OR=1.66; 1.01-2.73, p=0.046). The odds to predict stroke when those six biomarkers are
above/below these cut-offs is 99.01% (0% mimics and 0% healthy controls had such a
combination). Similar results were obtained for patients attended <6 hours of symptoms
onset. Best specificity was for Caspase-3=73% and sensitivity for D-dimer=81%.
Combinations (i.e. Caspase-3+D-dimer+MMP-9) gained specificity (92.8%) but lost
sensitivity (32.7%). The utility of these biomarkers to identify stroke subtypes will be
discussed. Regarding brain tissue, we identified maximal MMP-9 expression in the ischemic
core and areas of hemorrhagic transformation and active forms of Caspase-3 appeared to be
over expressed in the ischemic penumbra. Conclusions- A combination of biomarkers
including caspase-3, an apoptosis related biomarker, seems promising to make an urgent
biochemical diagnosis of stroke. This approach will permit rapid referral of stroke patients to
hospitals were acute treatments are available.
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BILIRUBIN PRODUCTION AND OXIDATION IN CSF OF PATIENTS WITH
CEREBRAL VASOSPASM AFTER SUBARACHNOID HEMORRHAGE
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Delayed cerebral vasospasm after subarachnoid hemorrhage (SAH) remains a significant
cause of mortality and morbidity, however, the etiology is, as yet, unknown, despite intensive
research efforts. Research in this laboratory indicates that bilirubin and oxidative stress may
be responsible by leading to formation of bilirubin oxidation products (BOXes), so we
investigated changes in bilirubin concentration and oxidative stress in vitro, and in cerebral
spinal fluid (CSF) from SAH patients. Non-SAH CSF, a source of heme oxygenase | (HO-1),
and blood were incubated, and in vitro bilirubin production measured. CSF from SAH
patients was collected, categorized using stimulation of vascular smooth muscle metabolism
in vitro (CSFv and CSFc for with vasospasm and without vasospasm respectively). CSF was
analyzed for hemoglobin, total protein and bilirubin, BOXes, malonyldialdehyde and
peroxidized lipids (indicators of an oxidizing environment), and HO-1 concentration. The
study patients comprised 7 males and 5 females. The median age was 46, and the ages ranged
from 32 to 72 years old at time of hemorrhage. The CSFc samples averaged 0.92 + 0.31 g/dL
total protein and 0.39 + 0.06 g/dL hemoglobin, compared with 0.94 + 0.37 g/dL and 0.41 +
0.07 g/dL in the CSFv samples. HO-1 concentrations are significantly higher (p < 0.05) in
CSFv, compared with CSFc. When bilirubin concentration is compared for patients with and
without clinical vasospasm, there is significantly greater bilirubin in the vasospasm patients
(5.6 £ 0.93 vs. 29.4 + 3.9 umols/L). We found that total peroxidized lipids (LOOH) is
significantly elevated in vasospasm patients compared to control (18.24 + 4.4 vs. 7.5 £ 0.53
umols/L respectively). We have found that the concentration of BOXes in CSFv of patients
following SAH is significantly elevated compared to CSFc (1.33 + 0.07 versus 0.02 + 0.004
uM respectively). Bilirubin, BOXes, HO-1 and peroxidized lipid content were significantly
higher in CSF from SAH patients with vasospasm, compared with non-vasospasm SAH CSF,
and correlated with occurrence of vasospasm. We conclude that vasospasm may be more
likely in patients with elevated BOXes. The conditions necessary for the formation of BOXes
are indeed present in CSF from SAH patients with vasospasm, but not CSF from SAH
patients without vasospasm.



129

EARLY PROTEOMIC MARKERS OF VASOSPASM CAN BE IDENTIFIED IN
CEREBRAL MICRODIALYSATES OF PATIENTS WITH SUBARACHNOID
HEMORRHAGE
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Germany
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Introduction: A major complication of aneurysmal subarachnoid hemorrhage (SAH) is
delayed cerebral ischemia (delayed ischemic neurological deficit [DIND], also called
symptomatic vasospasm) several days after SAH, affecting about 30% of the patients. It is
unknown why symptomatic vasospasm develops in some patients after SAH and does not in
others. In this study, we hypothesized that one or more proteins might be detected in the brain
parenchyma of patients before they develop vasospasm and that these proteins do not show up
in SAH patients without vasospasm. Therefore, we searched for protein markers in human
brain microdialysates which might be related to developing vasospasm. Patients and Methods:
We investigated 10 patients with SAH, 5 developing vasospasm and 5 others without
vasospasm. Informed consent was obtained from the patient or legal representative. After the
initial surgery, flexible microdialysis probes (CMA 70 custom probes, CMA Microdialysis,
Solna, Sweden) were inserted into fronto-temporal cortex for later-on metabolic monitoring in
neuro-intensive care. The probes were perfused at 0.3 pL/min with sterile Ringer’s solution.
We analyzed proteomic profiles of the microdialysate 24 hours and 5-6 days after insertion of
the probes by two-dimensional gel electrophoresis. Proteins were separated in the first
dimension according to their isoelectric point, and in the second dimension according to their
molecular weight. Polyacrylamide electrophoresis gels were silver-stained and analysed by
the Phoretix 2D Elite software (Nonlinear Dynamics, Newcastle-upon-Tyne, UK). Proteins
were identified by mass spectrometry (Center for Molecular Biology, University of
Heidelberg). We compared protein expression profiles by hierarchical clustering using the
EMBL online tool EPCLUST, version 0.9.23 beta, at http://ep.ebi.ac.uk. Results: We found
an average of 57 +/- 22 protein spots in the individual gels, ranging from 37 to 149. Thirty-
three spots consistently appeared in at least 50% of the gels analyzed. of these, 20 protein
spots were differentially expressed (P < 0.05), of which we could identify 15.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH, 4 isoforms) was increased by a factor
of 3.7 £ 1.1 (n=33 vasospastic; n=47 non-vasospastic, means + sd) in the vasospasm group,
whereas the concentration of Heat shock protein 73 (HSP73, 9 isoforms) was decreased to
0.47 + 0.2 (n=88 vasospastic; n=101 non-vasospastic). These protein changes occurred 2.4 +
2.1 days before vasospasm developed. Cluster analysis of the proteome data revealed a close
relationship of GAPDH and HSP73 in the context of cell death and apoptosis. Conclusions:
Patients who develop cerebral vasospasm after SAH show a pattern of proteins in their brain
microdialysate which is different from that of SAH patients who do not develop vasospasm.
Since these differences in the protein pattern are evident as soon as 2 days before the
development of vasospasm, they may potentially be used as early prognostic markers for the
development of vasospasm after SAH, enabling selective early therapeutic intervention in this
high risk group of patients. Acknowledgement: Supported by the German National Genome
Research Network NGFN-2 of the German Ministry of Education and Research (BMBF) (to
MHM and WK).
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Introduction: Recently, Japanese extracranial-intracranial (EC-IC) bypass trial has revealed a
benefit of EC-IC bypass for preventing stroke in patients with cerebral artery occlusive
disease and severe cerebral hemodynamic failure. We previously reported that flow velocity
of the superficial temporal artery (STA) was predictive of the extent of bypass flow or the
improvement in the regional cerebral blood flow (rCBF) after EC-IC bypass surgery (1, 2).
The purpose of the present study is compare post-surgical changes in STA blood flow and
cerebral hemodynamics between patients with atherothrombotic carotid occlusive disease and
moyamoya disease. Methods: This study included 37 consecutive patients with
athrothrombotic carotid occlusive disease (Athero-Group) and 11 consecutive patients with
moyamoya disease (Moya-Group) who underwent EC-IC bypass. We adopted the inclusion
criteria using single photon emission computed tomography (SPECT) as follows: rCBF
<32ml/100g/min (80% of the mean value in the normal control subjects) and acetazolamide
(ACZ) reactivity <10% in the ipsilateral middle cerebral artery (MCA) territory. STA duplex
ultrasonography (STDU) was performed to measure the flow velocity and diameter of the
operated STA before and 14 days and 3 months after EC-IC bypass surgery. Relationships
between STA mean flow velocity (MFV) 14 days after EC-IC bypass and various clinical and
radiological factors were investigated. Changes in parameters of STDU and SPECT were
compared between Athero-Group and Moya-Group. Results: STA MFV was correlated with
the rCBF in the ipsilateral MCA territory 14 days after EC-IC bypass surgery (R=0.51,
p<0.0001) 14 days after EC-IC bypass. There was no significant difference in any baseline
STDU and SPECT parameters between Athero-Group and Moya-Group. Two patients in
Moya-Group showed a hemispheric hyperperfusion syndrome within 14 days after EC-IC
bypass. In Athero-Group, hyperperfusion syndrome was not observed. Between Moya-Group
and Athero-Group, there was a significant difference in STA MFV 14 days after EC-IC
bypass (73.2+20.9 vs 55.1+16.7 cm/sec, p<0.01). The rCBF of the ipsilateral MCA territory
was also higher in Moya-Group than Athero-Group 14 days after EC-IC bypass (40.0+8.3 vs
34.6+5.8 ml/100g/min, p<0.05). These differences were not observed 3 months after EC-IC
bypass. There was no difference in STA diameter 14 days and 3 months after EC-IC bypass
between the 2 groups. Changes in STA MFV (42.2+23.7 vs 29.3£13.9 cm/sec, p<0.05) and
rCBF (8.7£4.9 vs 5.3+£4.3 ml/100g/min, p<0.05) before and 14 days after EC-IC bypass were
also higher in Moya-Group than Athero-Group. Conclusions: In patients with severe cerebral
hemodynamic failure, STA MFV is a highly sensitive parameter for predicting rCBF in the
ipsilateral MCA territory after EC-IC bypass. In moyamoya disease, changes in STA MFV as
well as rCBF were higher than those in atherothrombotic carotid occlusive disease after EC-
IC bypass. Hyperperfusion syndrome was observed only in patients with moyamoya disease.
References: [1] Arakawa S, Kamouchi M, Okada Y, et al; AJNR 24:886-891 (2003) [2] Hirai
Y, Fujimoto S, Toyoda K, et al; J Cereb Blood Flow Metab 23(suppl.1):553 (2003)
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COMBINATION THERAPY OF RT-PA AND G-CSF
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Thrombolysis is so far the only successful therapy for ischemic stroke, but essentially limited
by side effects. Therefore, combination therapy with neuroprotective substances is warranted.
We investigated whether Granulocyte colony-stimulating factor (G-CSF) alone or in
combination with rt-PA is neuroprotective in a thromboembolic stroke model. Male Wistar
rats (n=59) were subjected to thromboembolic occlusion (TE) of the middle cerebral artery
(MCA). G-CSF (60ug/kg body weight) was administered intravenously 60 min after TE.
Thrombolysis was performed 3 hours after TE with intravenous rt-PA (10 mg/kg body
weight). Experimental groups included control (C), G-CSF, thrombolysis (Th), and G-CSF
plus thrombolysis (com). Animals were investigated by MRI and silver infarct staining (SIS)
and perfusion status. 70% of the animals in the Th group died within 24 hours, whereas the
mortality in remaining groups ranged between 30% and 40%. G-CSF alone or in combination
with rt-PA significantly decreased infarct volume after 24 hours in T2 and DWI as compared
to the control and Th groups (p <0.05). MRI data showed that late thrombolysis (Th) alone
led to an increase of relative regional cerebral blood volume (rrCBV) above normal values.
G-CSF possesses neuroprotective properties when administered alone or in combination with
rt-PA. Further studies need to investigate long-term outcome after combination therapy.
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EVALUATION OF CEREBRAL METABOLISM BY MULTI-VOXEL PROTON
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Introduction: Proton magnetic resonance spectroscopy (1H-MRS) is a useful method to
evaluate cerebral metabolism directly and non-invasively. We examined 1H-MRS in the
patients with major cerebral artery occlusive diseases and hemodynamic cerebral ischemia to
study whether cerebral metabolism can improve after STA-MCA bypass. Methods: The
subjects were 11 patients. The age of the patients varies between 47-74 years. Six patients had
internal carotid artery occlusion. Two patients had middle cerebral artery occlusion. Three
patients had internal carotid artery severe stenosis. We examined Xenon-CT including
acetazolamide challenge to evaluate the regional cerebral blood flow (CBF) and examined
multi-voxel 1H-MRS using SE-2D-CSI method placed axially above the lateral ventricle
before and at 6 months after STA-MCA bypass. Results: The patency of STA-MCA bypass
was good in 10 patients. In 8 of the 10 patients, percentile changes of regional CBF after
acetazolamide challenge in the affected cortex were less than +10%. In 5 of the 8 patients, the
regional CBF was normalized (more than +10%) after STA-MCA bypass. In 3 of the 8
patients, N-acetyl aspartate/creatine (NAA/Cr) ratios in the affected cortex were normal. In 5
of the 8 patients, NAA/Cr ratios were less than the lower limit (mean-2xstandard deviation).
In all 8 patients at the range of less than +10% in percentile change of regional CBF after
acetazolamide challenge in the affected cortex, NAA/Cr ratios increased after STA-MCA
bypass. Conclusion: Cerebral metabolism improved after STA-MCA bypass in the patients
with the impaired cerebrovascular reserve capacity in the affected cortex.
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MELATONIN REVERSES TISSUE-PLASMINOGEN ACTIVATOR (T-PA)-INDUCED
BRAIN INJURY AFTER INTRALUMINAL MIDDLE CEREBRAL ARTERY
OCCLUSION: ROLE OF INDUCIBLE NO SYNTHASE AND PHOSPHATIDYL
INOSITOL-3 KINASE/ AKT

Ertugrul Kilic, Ulkan Kilic, Claudio L. Bassetti, Dirk M. Hermann
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Purpose: In vivo studies showed that t-PA may aggravate neuronal injury after focal cerebral
ischemia (1-3). We hypothesized that therapeutically delivered t-PA might impair survival-
promoting cell signalling in the ischemic brain, which may be reversed by an anti-oxidative
neuroprotectant, the neurohormone melatonin. Methods: We examined the effects of t-PA (10
mg/Kkg, i.v.), administered alone or in combination with melatonin (4 mg/kg, i.p.) immediately
after reperfusion onset, on ischemic injury, inducible NO synthase (iNOS) expression and
Akt, Bel-XL and caspase-3 signalling following 90 minutes of intraluminal middle cerebral
artery (MCA) occlusion in mice, followed by 24 hours of reperfusion. Results: t-PA,
delivered immediately after reperfusion onset, increased infarct volume at 24 hours after
MCA occlusion, in accordance with previous findings. Melatonin reduced infarct size, when
administered alone, and reversed the t-PA-induced brain injury. Immunohistochemical studies
showed an accumulation of iNOS+ cells in ischemic brain areas after t-PA treatment, which
was abolished after co-delivery of melatonin. Western blots revealed that t-PA decreased
phosphorylated Akt levels, but did not influence Bcl-XL expression and caspase-3 activity in
ischemic brain lysates. Co-treatment with melatonin restored phosphorylated Akt levels,
increased Bcl-XL expression and reduced caspase-3 activity. Conclusions: We provide
evidence that t-PA-induced brain injury is accompanied by an activation of iNOS and
inhibition of phosphatidylinositol-3 kinase/ Akt. Our observation that melatonin reverses the
signalling changes and brain injury evoked by t-PA makes this indole attractive as add-on
treatment with thrombolytics.
References:

1. Y.F. Wang, S.E. Tsirka, S. Strickland, P.E. Stieg, S.G. Soriano, S.A. Lipton

(1998) Nature Med. 4: 228-231.
2. E.Kilic, M. Bahr, D.M. Hermann (2001) Stroke 32: 2641-2647.
3. E. Kilic, U. Kilic, C.M. Matter, T.F. Liischer, C.L. Bassetti, D.M. Hermann
(2005) Stroke: in press.
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ELEVATION OF PLASMA OXIDIZED LDL IN ACUTE STROKE PATIENTS IS
ASSOCIATED WITH ISCHEMIC LESION DEPICTED BY DWI AND PREDICTIVE
OF INFARCT ENLARGEMENT

Masaaki Uno, Keiko Kitazato, Atsuhiko Suzue, Kyoko Nishi, Shinji Nagahiro
Department of Neurosurgery, The University of Tokushima, Tokushima, Japan

Oxidized low-density lipoprotein (OxLDL) plays a major role in atherosclerosis. In our
previous study, we used specific antibody against oxidized phosphatidylcholine (FOH1a/
DLH3) by which OxLDL is recognized, and first demonstrated the significant association
between raised plasma OXLDL and acute cerebral infarction, especially cortical infarction.
We undertook the present study to clarify the relationship between plasma OxLDL and the
ischemic volume. We used ELISA to determine plasma OXLDL levels and performed
diffusion- and perfusion-weighted MRI (DWI, PWI) to measure the ischemic volume in 44
ischemic stroke patients. Based on the location of the ischemic lesion, they were divided into
3 groups: Group | (GI, n=21) had cortical lesions, Group Il (Gll, n=17) had lesions in the
basal ganglia or brain stem, and Group Ill (GllI, n=6) had massive lesions that involved one
entire hemisphere. In GI, but not Gll and GllII, plasma OxLDL was significantly higher than
in 19 age-matched controls (p<0.01) and was significantly correlated with the initial ischemic
volume visualized on DWI (p=0.01), PWI (p<0.01), and the DWI-PWI mismatch
(p<0.05)(Figure a)-c)). A persistent increase in plasma OxLDL was associated with
enlargement of the ischemic lesion in the early phase after the insult. These findings suggest
that elevated plasma OxLDL levels are associated with moderate ischemic damage in patients
with cortical lesions (GI) but not those with massive hemispheric lesions (GI11) which may be
irreversible. In addition, elevated plasma OxLDL may represent a predictor of enlargement of
the ischemic lesion.
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ACTIVATION OF THE JAK-STAT SIGNALING PATHWAY IN BASILAR ARTERY
AFTER SUBARACHNOID HEMORRHAGE

Koji Osuka®, Yasuo Watanabe?, Nobuteru Usuda®, Ayami Nakazawa®, Jun Yoshida®

'Department of Neurosurgery, Nagoya University Graduate School of Medicine, Nagoya,
Japan
Department of Cell Physiology, Kagawa University Faculty of Medicine, Kagawa, Japan
*Department of Anatomy 11, Fujita Health University School of Medicine, Aichi, Japan

Introduction: Janus kinases (JAK) and signal transducers and activators of transcription
(STAT) are those of transcription factors that function as a major signal transduction pathway
in cytokine signaling. Subarachnoid hemorrhage (SAH) produces proinflammatory cytokines
in CSF. The roles of this signaling pathway in cerebral artery after SAH still remain to be
elucidated. This paper describes the chronological and spatial expression of this signaling
pathway after SAH in vivo. Methods: We used a one-hemorrhage SAH model in Sprague-
Dawley rats. Autologus arterial blood (300 pL) was injected into the cisterna magna. Basilar
arteries and CSF were collected at 2, 6, 12, 24, 48, and168 hours after SAH (n=4 series).
Basilar arteries and CSF without injection of blood were used as controls. The concentration
of interleukin-6 (IL-6) in CSF was measured by ELISA. STAT3, phosphorylated STAT3,
JAK1, phosphorylated JAK1, and Actin were identified by Western blot analysis. IL-6 (2 ug /
2 pL) was injected into the cisterna magna and basilar artery was removed one hour later.
Tris-HCI (pH 7.6, 2 pL) was used as control vehicle. Western blot analysis using STAT3,
phosphorylated STAT3, and Actin antibodies were performed. The band intensities were
quantitated by densitometric scanning using the NIH IMAGE program. Immunohistochemical
expression of STAT3 and phosphorylated STAT3 were studied in basilar artery at 2 hours
after SAH and control. Statistical significance was less than 0.05. Results: The concentration
of IL-6 in CSF increased immediately after SAH, peaked at 6 hours, and decreased thereafter
(Fig A). Western blot analysis showed constant expression of Actin, JAK1, and STATS3,
while phosphorylated JAK1 and STAT3 at Tyr705 significantly increased at 2 hours after
SAH (Fig B). Injection of IL-6 significantly increased the phosphorylation of STAT3
compared with control. Phosphorylated STAT3 was detected in the endothelial and smooth
muscle cells of basilar artery at 2 hours after SAH, while that was hardly detected in control
basilar artery. Conclusion: These results suggest that SAH produces proinflammatory
cytokine IL-6, which may activate JAK-STAT signaling pathway in the basilar artery
immediately after SAH. This signaling pathway may be involved with immediate early gene
transcription in the basilar artery and play an important role in cerebral vasospasm after SAH.
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NITRIC OXIDE-BASED PATHOMECHANISM OF DELAYED CEREBRAL
VASOSPASM AFTER SAH

Ryszard Pluta®, Carla Jung?, Brian luliano®, Edward Oldfield"

'Surgical Neurology Branch, NINDS, NIH, Bethesda, MD, USA
“Department of Neurosurgery, Johann-Wolfgang Goethe University, Frankfurt, Germany
*Department of Neurologic Surgery, Mayo Clinic, Rochester, Minnesota, MN, USA
*Surgical Neurology Branch, NINDS, NIH, Bethesda, MD, USA

Nitric oxide (NO) is produced by endothelial NOS (eNOS) in the intima and by neuronal
NOS (nNOS) in the adventitia of cerebral vessels. It dilates the arteries in response to a shear
stress, metabolic demands, and chemoregulation. Subarachnoid hemorrhage (SAH) interrupts
this regulation; oxyhemoglobin and deoxyhemoglobin, gradually released (p<0.05) from the
subarachnoid clot enveloping the conductive arteries, destroy nNOS-containing neurons. This
deprives the arteries of NO, leading to initiation of delayed vasospasm (PHASE 1). However,
the narrowing of the vessel stimulates eNOS through increased shear stress, which normally
would lead to an increased production of NO and dilation of arteries. However, this does not
happen due to transient eNOS dysfunction evoked by an increase of endogenous competitive
NOS inhibitor, asymmetric dimethyl-arginine (ADMA) in CSF in response to the presence of
bilirubin-oxidized fragments (BOXes). This eNOS dysfunction sustains vasospasm (PHASE
I1). ADMA levels are closely correlated with the degree and a time-course of vasospasm in
humans (p<0.002) and in primate model (p< 0.01) and when ADMA levels decrease
vasospasm resolves (PHASE IllI; p<0.05). Increased levels of ADMA is evoked by its
decreased elimination due to decreased presence of ADMA-hydrolyzing enzyme
dimethylamine-dimethyl-L-arginine hydrolase (DDAH II; p<0.05) in the arteries in spasm.
Thus, inhibition of the L-arginine-methylating enzyme (IPRMT3) or stimulation of the
DDAH 1l may provide new therapeutic venues. We will present 1) experimental data
confirming endothelial and neuronal NO synthases dysfunction during vasospasm, 2)
experimental and clinical data supporting the hypothesis that BOXes are responsible for
eNOS dysfunction during vasospasm and pre-clinical data on 3) probucol influence on
ADMA production by endothelial cells exposed to hemoglobin and BOXes in vitro (p < 0.05)
and 4) in vivo data of a double-blind placebo-controlled primate SAH study of probucol to
prevent vasospasm (p =0.09). Despite being negative, the results of this study support the
hypothesis that pharmacological lowering of the CSF ADMA levels may prevent
development of post-hemorrhagic delayed cerebral vasospasm.
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IMBALANCE BETWEEN OXIDANT/ANTIOXIDANT SYSTEMS CONTRIBUTES TO
PLAQUE VULNERABILITY IN PATIENTS UNDERWENT CAROTID
ENDARTERECTOMY

Kyoko Nishi', Masaaki Uno®, Keiko T. Kitazato®, Atsuhiko Suzue', Hao Liu®,
Hiroyuki Itabe?, Shinji Nagahiro®

'Department of Neurosurgery Institute of Health Biosciences, The University of Tokushima
Graduate School, Tokushima, Japan
“Department of Biological Chemistry, School of Pharmaceutical Sciences Showa University,
Tokyo, Japan

Objective: Reactive species of oxygen and nitrogen mediate the oxidative modification of
low-density lipoprotein (LDL). Oxidation of LDL is inhibited by endogenous radical
scavenging enzymes such as MnSOD and Cu/ZnSOD that catalyze dismutation of O2- to
H202. Cu/ZnSOD but not MnSOD is inactivated by H202. Low molecular antioxidants such
as uric acid regulate this inactivation. As the reduction of SOD activity progresses, superoxide
could react more easily with NO to produce peroxynitrite, resulting in an increase in OxLDL.
Here we evaluated whether a focal imbalance between pro- and antioxidant systems induces
plague vulnerability in patients with carotid stenosis. Methods and Results: Carotid plaques
from 35 patients who underwent carotid endarterectomy were classified as vulnerable or
stable based on histopathological findings. In vulnerable plagues, OxLDL, measured by
sandwich ELISA was significantly higher (p<0.01) and the SOD activity significantly lower
than in stable plaques (p<0.05). The plaque and plasma OxLDL level were inversely
correlated with plague SOD activity (p<0.01). There was a significant correlation between
plague and plasma OxLDL levels (p<0.01). The physiological uric acid level in all plaques
was one-fourth to one-eight of that in plasma and appeared to be unable to protect Cu-ZnSOD
from degradation by H202. Immunohistochemical methods disclosed increased peroxinitrite
and OxLDL in vulnerable plaques. The present findings suggest that once the oxidative status
overwhelms the antioxidative defense system, the oxidation progresses rapidly. Although
more patients with vulnerable plaques were symptomatic than patients with stable plaques,
the difference was not statistically significant. and also their stenosis was almost similar.
However, plaque and plasma OXLDL levels in symptomatic patients (n=13) with vulnerable
plague were significantly higher than those in asymptomatic patients (n=9) with stable plaque
(31.9419.4 ng/ug of apoB and 0.26+0.063 vs 3.96+2.14 and 0.142+0.036; p<0.01). On the
other hand, plagque SOD activity in symptomatic patients with vulnerable plaque were
significantly lower than in asymptomatic patients with stable plaque (48.2+8.1 % vs 73.3+6.6
%; p<0.01). Conclusion: Our results suggest that a focal imbalance between pro- and
antioxidant defense systems in patients with carotid plagues induces an increase in plaque
OxLDL levels and consequent plaque instability, and contributes to the high levels of plasma
OxLDL.
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MUTIVARIATE STATISTICAL DIFFERENTIATION OF HEMODYNAMIC
FACTORS IN CHRONIC OCCLUSIVE CEREBROVASCULAR DISEASE WITH
POSITRON EMISSION TOMOGRAPHY. -ANALYSIS OF 100 PATIENTS WITH

MOYAMOYA DISEASE

Tadashi Nariai', Yoji Tanaka', Iwae Yu®, Motoki Inaji, Kikuo Ohno', Kiichi Ishiwata?,
Michio Senda*, Kenji Ishii?

'Department of Neurosurgery, Tokyo Medical and Dental University, Tokyo, Japan
“Positron Medical Center, Tokyo Metropolitan Institute of Gerontology, Tokyo, Japan
*Department of Neurosurgery, Tokyo Metropolitan Toshima Hospital, Tokyo, Japan
*Department of Image Based Medicine, Institute of Biomedical Research and Innovation,
Kobe, Japan

Introduction: Positron emission tomography (PET) is a powerful method that enables the
simultaneous analysis of multiple hemodynamic factors. In the analysis of occlusive
cerebrovascular diseases, various combinations of cerebral blood flow (CBF), metabolism,
and blood volume (CBV) are observed depending on the severity of hemodynamic stress.
Nonetheless, there have been no appropriate analyses to interpret the combination of factors
in multivariate space. In this report, we differentiated the distribution of multiple PET-
measured hemodynamic factors of patients with moyamoya disease, as a representative of
chronic occlusive cerebrovascular disease, to examine if such analysis is useful to clarify the
pathophysiology of the disease. Methods: Data of 100 patients with moyamoya disease (mean
of age 31.3, range 12-58) that were obtained from 1991-2004 were retrospectively analyzed.
PET measurement of CBF, CBV, cerebral metabolic rate for oxygen (CMRO2), and oxygen
extraction fraction (OEF) were performed with inhalation of 150 labeled gases and with
continuous arterial blood sampling. Patients were classified into 5 groups depending on
clinical presentation as presented previously (1);non-symptomatic (NS) patients, patients
presenting transient ischemic attack (TIA group), those with infarction associated with TIA
(VTIA), those with a permanent deficit with infarction (PD), and those with hemorrhagic
onset (H group). Values of patients groups were compared with a normal group (Norm).
Results: 1) In earlier 57 patients, multivariate analysis of covariance to test the distribution of
three dimensional (CBF, CBV, OEF) vector was performed, indicating that the significant
difference of distribution existed between every possible pair out of six groups except NS vs.
H, and H vs. PD among the frontal cortex.(figure 1). 2) Using the data of these earlier
patients, a multivariate discriminant was obtained and applied for the prediction of clinical
presentation of latter patients using three factors (CBF, CBV, OEF) in frontal cortex. In more
than 85 percent of patients, clinical type was correctly determined by this method, but such
prediction was impossible by using single factor. 3) Significant alteration of factors in three
dimensional space was detected before and after surgical revascularization in each patient.
Conclusions: Muti-variate statistical differentiation of hemodynamic factors could provide
useful information that cannot be obtained in single factor analysis. This method was even
useful in the determination of homodynamic stage in single patient. Reference: (1) Nariai T et
al. Severe hemodynamic stress in selected subtypes of patients with moyamoya disease — A
positron emission tomography study-. J Neurol Neurosurg Psychiatry 2005 (in press).
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DYNAMIC CT PERFUSION IMAGING IN SUBARACHNOID HEMORRHAGE
RELATED VASOSPASM

Amanda M. Laslo?*? James D. Eastwood”, Fang Chen*?®, Ting-Yim Lee"??

'Department of Medical Biophysics, University of Western Ontario, London, ON, Canada
2Imaging Research Laboratories, Robarts Research Institute, London, ON, Canada
*Imaging Division, Lawson Health Research Institute, London, ON, Canada
*Duke University Medical Center, Durham, NC, USA

Vasospasm (VSP) and changes in cerebral blood flow (CBF) are complications of
subarachnoid hemorrhage (SAH) that can lead to delayed ischemic deficits (DID). In many
institutions, nimodipine is the standard treatment used to prevent DIDs subsequent to SAH.
However, there are discrepancies regarding the ability of nimodipine to improve outcome in
all SAH patients. As new therapies become available for the treatment of DIDs associated
with SAH, it will be necessary to develop a method to assess the need for, and the response
to, therapy. In response to this need, we attempt to demonstrate the feasibility of using a
functional computed tomography (CT) imaging protocol to quantify the effects of nimodipine
on VSP and CBF in a rabbit model of SAH. SAH was induced by injecting autologous blood
into the cistern magna in New Zealand White rabbits randomized to two groups: nimodipine
(n=14) or control (n=12). Subcutaneous nimodipine (2.5 mg/kg) was given one hour after
SAH, and every 24 hours after this for the duration of the study. CT Perfusion (CTP) and CT
angiography (CTA) were used to measure CBF and basilar artery (BA) diameter at baseline,
10, 30, and 60 minutes after SAH, and on day 3,5,7,9, and 16. Neurological assessments were
performed by a blinded observer on each day of scanning. There was no difference in the
incidence or severity of VSP between the control and nimodipine groups (p > 0.05). When
VSP > 15%, nimodipine significantly increased CBF in the brainstem, cerebellum, parieto-
occipital cerebrum, and subcortical regions (p < 0.05) (See figure). Nimodipine had no effect
on CBF when all degrees of VSP were included in the analysis. The degree of neurological
deficit was less in the nimodipine group compared to the control group (p < 0.05). We
demonstrated that CTP and CTA imaging can quantify arterial VSP and CBF changes in a
rabbit SAH model and that these techniques may be useful for evaluating the potential of new
therapies for SAH compared to, or in the presence of, nimodipine. Specifically, we showed
that nimodipine improves neurological outcome and increases CBF in the presence of
moderate or severe VSP.
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ROLE OF C-JUN N-TERMINAL KINASE IN CEREBRAL VASOSPASM OF
SUBARACHNOID HEMORRHAGE

Hiroshi Yatsushige®**, Mitsuo Yamaguchi®, Changman Zhou?, John H. Calvert’,
Austin R.T. Colohan?, John H. Zhang"?

'Department of Physiology, Loma Linda University School of Medicine, Loma Linda, CA,
USA
“Division of Neurosurgery, Loma Linda University Medical Center, Loma Linda, CA, USA
%Section of Neurosurgery, Tokyo Medical and Dental University Graduate School, Tokyo,
Japan
*Department of Neurosurgery, National Hospital Organization Disaster Medical Center,
Tokyo, Japan

Background and Purpose: We have previously investigated several signaling pathways of
cerebral vasospasm after subarachnoid hemorrhage (SAH). This study explored a pivotal role
of c-Jun N-terminal kinase (JNK) in inflammation and cerebral vasospasm. Method: Twenty-
seven dogs were randomly assigned to 5 groups: control, SAH without treatment,
SAH+dimethyl sulfoxide (DMSO), SAH+JNK inhibitor SP600125 (10 umol/L), and
SAH+SP600125 (30 umol/L). SAH was induced by the injection of the autologous blood into
cisterna magna on day O and day 2. Angiograph was performed on Day 0 and Day 7.
Neurobehavioral scores were evaluated daily. Activation of JINK pathway, the infiltration of
leukocytes, and the production of cytokines were examined by morphology, Western blot and
ELISA. Results: Severe cerebral vasospasm was observed in the basilar artery accompanied
by the activation of JNK pathways in SAH without treatment and DMSO treated dogs. The
JNK inhibitor SP600125 reduced angiographic and morphological vasospasm and improved
behavior scores with a concomitant reduction of the activation of JNK, the infiltrated
leukocytes and the IL-6 production. Conclusions: These results indicated that the JNK
inhibitor attenuated cerebral vasospasm through suppression of inflammatory response, which
may provide a novel therapeutic target for cerebral vasospasm.
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URIC ACID IMPROVES THE BENEFICIAL EFFECTS OF RT-PA IN A RAT MODEL
OF THROMBOEMBOLIC ISCHEMIA

Eduardo Romanos®?, Anna M. Planas, Angel Chamorro?

'Department of Pharmacology & Toxicology, 11BB-CSIC, IDIBAPS, Barcelona, Spain
%Stroke Unit, IMSN, Hospital Clinic, IDIBAPS, Barcelona, Spain

Objectives: Thrombolysis with rt-PA is the only treatment of stroke with proven benefit in
randomized clinical trials. Most neuroprotective agents added to rt-PA have proved so far
clinically ineffective. Uric acid is a natural antioxidant that reduces infarct volume after
middle cerebral artery (MCA) occlusion in rats1, and recent clinical studies have described an
association between increased uric acid plasma levels and improved neurological outcome
after stroke 2,3. Here we sought to confirm the neuroprotective effects of uric acid in a
tromboembolic model of brain ischemia in the rat, and to investigate whether it increases the
global benefits of thrombolysis. Methods: Male adult Sprague-Dawley rats (n=88) were
anesthetized (halothane) and ischemia was induced using a thromboembolic model of MCA
occlusion. Thrombin-blood clots were injected into the internal carotid artery using our own
modification of previously described procedures 4. Uric acid (16 mg/Kg) was dissolved in
Locke’s buffer and was injected i.v. 20 min after the induction of ischemia. At 3h, rats were
anesthetized and received rt-PA (10 mg/Kg) that was given as an i.v. bolus (10%) followed by
a 1-hour i.v. perfusion (90%). At 24h rats animals were killed and infarct volume was
measured in the following treatment groups: controls (n=16), uric acid (n=15), rt-PA (n=16);
and uric acid + rt-PA (n=16). Results: Uric acid significantly reduced infarct volume at 24h
(p<0.05). rt-PA given at 3h caused a very strong and significant reduction of infarct volume
(p<0.001). As shown in Fig. 1, uric acid + rt-PA reduced infarct volume more than rt-PA
alone (p<0.05). Nonetheless, the protective effect of combined therapy was restricted to the
cortex. Combined therapy also showed a trend to significance (p=0.058) in the reduction of
fatal and non-fatal bleeding compared with rt-PA alone (Fig.2). Conclusions: Uric acid given
early after thromboembolic ischemia is neuroprotective and improves the safety profile of rt-
PA. This combined therapy deserves further clinical investigation. References: 1.Yu ZF, et
al.(1998) J Neurosci Res 53:613-625 2. Chamorro A et al. (2002) Stroke 33:1048-1052
3.Chamorro A, Planas AM (2004) Stroke 35:e11-12 4. Busch E et al. (1998) J Cereb Blood
Flow Metab 18:407-418 Acknowledgment: Supported by grants from the Comision
Interministerial de Ciencia y Tecnologia (CICYT SAF2002-01963).
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SUBARACHNOID HEMORRHAGE IN RATS - NEUROPROTECTIVE EFFICACY
OF BRADYKININ B2 RECEPTOR BLOCKADE

Stefan Zausinger®, Sporer Sonja®, Thal Serge?, Plesnila Nikolaus®, Schéller Karsten®,
Schmid-Elsaesser Robert*

'Klinikum Der Universitat Minchen-Grosshadern, Department of Neurosurgery, Munich,
Germany
2Johannes Gutenberg-Universitét, Department of Anesthesiology, Mainz, Germany

Obijective: Increased ICP and decreased CBF leading to global cerebral ischemia are the
primary causes of death after severe subarachnoid hemorrhage (SAH). One reason for
dramatic initial increase of ICP is the rapidly developing cerebral edema as a result of
breakdown of cerebral autoregulation and the blood-brain barrier, constituting an independent
risk factor for mortality and poor outcome. Bradykinin, an active peptide of the kallikrein-
kinin system has been found to enhance brain edema formation, mediated by bradykinin B2-
receptors. LF 16-0687, a novel bradykinin B2 receptor antagonist decreased brain swelling in
various models of traumatic and ischemic brain injury. We investigated the influence of LF
16-0687 in a rat model of SAH on ICP, CBF, neurological recovery and evolution of brain
edema. Method: 28 rats were subjected to SAH by an endovascular filament. ICP and
bilateral CBF were continuously recorded by a parenchymal probe and Laser Doppler
flowmetry. Animals were randomly assigned to 3 groups: (a) vehicle, (b) LF 16-0687 s.c. (3
mg/kg), given 30 min before and 6 hours after SAH or (c) LF 16-0687 s.c. (3 mg/kg), given
30 min and 6 hours after SAH. Cerebral water content and functional recovery were assessed
24 hours after SAH at the maximum of brain edema evolution. Results: SAH resulted in an
immediate increase of ICP up to ~60 mmHg initially and ~30 mmHg for the following 90 min
without significant differences between groups. Bilateral CBF fell by over 80% with partial
recovery without differences between groups. Blockade of bradykinin B2 receptors with
treatment started before SAH (group b) afforded significant attenuation of brain water content
after 24 hours (79.1 £ 0.07 % vs. control: 79.8 + 0.3 %). Furthermore, this group exhibited
significantly better neurological recovery after 24 hours (50 pts. vs. control: 24+7 pts.).
Discussion: The present findings provide evidence for an involvement of the kallikrein-kinin
system and of bradykinin, its active metabolite, in evolution of brain edema after SAH. Our
results demonstrate that blocking of bradykinin B2 receptors by LF 16-0687 before SAH
attenuates increase of brain water content. Furthermore, pretreatment improved neurological
recovery in the early post-SAH period. Failure of treatment started after SAH warrants further
experiments with higher dosage or i.v. application.
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PLASMA BRAIN NATRIURETIC PEPTIDE ON THE DIAGNOSIS OF
CARDIOEMBOLIC STROKE DUE TO PAROXYSMAL ATRIAL FIBRILLATION

Takayuki Naya, Kazushi Yukiiri, Nachisa Hosomi, Tsutomu Takahashi, Masakazu Kohno

Second Department of Internal Medicine, Division of Stroke, Kagawa University School of
Medicine, Kagawa, Japan

Objective: When ischemic stroke patient had sinus rhythm in hospitalization, it is difficult to
differentiate cardioembolic stroke from atherosclerotic stroke (atherothrombotic stroke and
lacunar stroke). The plasma brain natriuretic peptide (BNP) was evaluated for the
discrimination of cardioembolic stroke. Methods: Ninety-four consecutive patients with acute
cerebral infarction were admitted to Kagawa University Hospital from January 1, 2000 to
December 31, 2003. The patients with valve disease, cardiomyopathy, or heart failure were
excluded from the evaluation (n = 23). The mean age of the study sample was 69.6 years and
49 patients were men and 22 were women. The patients were categorized into cardioembolic
stroke (CE) or atherosclerotic stroke (AS) using echocardiography, brain computed
tomography, magnetic resonance imaging, magnetic resonance angiography, and carotid
ultrasonography by two stroke specialists. In the same time, atrial fibrillation was diagnosed
as permanent atrial fibrillation (Af), paroxysmal atrial fibrillation (PAf), or sinus rhythm (-)
with electrocardiography. The plasma BNP was evaluated at their hospitalization in these
patients. Results: Plasma BNP was significantly higher in CE(Af), AS(Af), CE(PAf) group
than in AS(-) group (112+29 (n=16),91+18 (n=7),90 £ 29 (n = 8) vs. 27 £ 14 pg/ml (n =
40), p < 0.01; respectively). Furthermore, plasma BNP at hospitalization was the strong
independent predictor of cardioembolic stroke among plasma BNP at hospitalization, E/A at
hospitalization, and left atrium dimension with multivariate analysis (Fs 47 = 44.1, p < 0.001, n
= 48). In all patients of CE(PAf) group and 21 patients of AS(-) group, plasma BNP was
evaluated again in 24 hours after hospitalization. Plasma BNP in CE(PAf) group has
decreased significantly in 24 hours after hospitalization from 90 + 29 pg/ml to 52 + 19 pg/ml
(p < 0.01). In AS(-) group, there was no significant change on BNP in 24 hours after
hospitalization. Conclusion: From the present study, it was shown that cardioembolic stroke
patients with PAf showed high plasma BNP even they had sinus rhythm at hospitalization. In
addition, plasma BNP did not change in atherosclerotic stroke patients, but decreased in
cardioembolic stroke patients with PAf. Therefore, it was shown that cardioembolic stroke
with PAf and atherosclerotic stroke patients were differentiable with plasma BNP evaluation.
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BIOCHEMICAL MARKERS OF ACUTE ISCHEMIC STROKE PATIENTS
Genki Mizukoshi, Ken-ichiro Katsura, Megumi Watanabe, Yasuo Katayama

Second Department of Internal Medicine, Nippon Medical School, Tokyo, Japan

Background and purpose: Early predictors of prognosis in patients with acute ischemic stroke
may help therapeutic decisions. Several studies have been made on several biochemical
markers of ischemic stroke, however 8-hydroxy-2-deoxyguanosine (SOHdG), a novel marker
of oxidative DNA stress, has never been studied in human yet. We investigated whether
measurements of urinary 8OHdG can predict the course of acute ischemic stroke of middle
cerebral artery (MCA) territory. At the same time we measured serum S100p, the astroglial
protein which is reported to be correlated to cerebral infarct volume and prognosis, and
compared with SOHdG.

Methods: 23 patients were divided into an edaravone-treated group (n=16) and an edaravone
non-treated group (n=7). We evaluated efficacy of edaravone by calculating urinary 8-OHdG
and plasma S100[ per unit volume of cerebral infarction. Urine was collected for 24h for 8-
OHdG measurement and plasma was sampled for S100(3 analysis at the 3rd, 4th, Sth, 7th, and
14th day after onset. All patients were treated similarly except for edaravone use.

Result; Total urinary 8-OHdG content during the 3rd to 5th day was significantly higher in
stroke patients than in non-stroke patients (p<0.01, Figure). The total urinary 8-OHdG
contents showed significant correlation to volume of infarction (p<0.05), modified Rankin
Scale (p<0.05), and plasma S100B values (p<0.05). Edaravone treatment did not show
significant effects on delta 8-OHdG values divided by volume of infarction. In contrast,
S100B index (individual S1003 values minus value at 14th day divided by volume of
infarction) showed significant reduction in the edaravone-treated group (p<0.05).
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MAPPING OF ADC ABNORMALITIES ASSOCIATED TO ACUTE SPONTANEOUS
INTRACEREBRAL HEMATOMA AS EVALUATED BY DIFFUSION-WEIGHTED
IMAGING

Enrico Fainardi', Stefano Ceruti!, Massimo Borrelli*, Andrea Saletti',
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Avrturo Chieregato®, Riccardo Tamarozzi*
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Neurosurgery Unit, Arcispedale S. Anna, Ferrara, Italy
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*Neurointensive Care Unit, Ospedale M Bufalini, Cesena, Italy

Objectives. Accumulating experimental evidences suggest that acute spontaneous
intracerebral hemorrhage (SICH) is surrounded by a zone of perihematomal brain edema.
However, data coming from human studies based on the assessment of perihemorrhagic
regional Apparent Diffusion Coefficient (rADC) changes by using Diffusion-Weighted
Imaging (DWI) are still controversial. Thus, in this study we sought to quantify rADC values
around SICH in order to clarify the effective presence of perilesional edema. Patients and
Methods. DWI was performed on a 1-Tesla Magnetic Resonance Imaging (MRI) unit
equipped for isotropic DWI. Axial images covering the whole brain were obtained by single-
shot echo-planar spin-echo sequences in 45 patients (22 male and 23 female; mean age = 64.1
+ 10.4) with supratentorial acute SICH at admission CT scans and having a Glasgow Coma
Scale at entry ranging from 9 to 15. Mean hematoma volume was 18.3 £ 12.7 cm3. ADC
maps were generated for each patient by using an imaging workstation. rADC values were
measured in four different regions of interest (ROI) drawn freehand on the T2-weighted
images at b 0 mm2/s on every section in which hematoma was visible and including: 1) the
perihematomal hyperintense area; 2) 1 cm of normal appearing brain tissue surrounding the
perilesional hyperintense rim; 3) an area mirrored the region including the clot and
perihematomal hyperintense area placed in the contralateral hemisphere. rADC values within
the hemorrhagic core were not evaluated due to the well-known presence of susceptibility
artifacts. rADC levels were expressed in mm2/s. rADC values lower than 70 x 10-5 and
higher than 80 x 10-5 mm2/s were considered as suggestive of cytotoxic and vasogenic
edema, respectively. All DWI studies were obtained within 48 hours after symptom onset.
Statistical analysis was performed by Mann-Whitney U test and Spearman rank correlation
coefficient test. Results. rADC mean values were higher in perihematomal hyperintense and
in contralateral than in normal appearing areas (p < 0.001). The analysis of absolute values
revealed that rADC mean levels were increased in perihematomal hyperintense (111.6 + 36.7
x 10-5), in normal appearing (93.1 £ 11.1 x 10-5) and in contralateral areas (105.9 + 20.1 x
10-5). No definite correlations were observed between perihematomal rADC mean levels and
hematoma volume. Conclusions. rADC values reflecting vasogenic edema were found in
perihematomal area and in normal appearing brain tissue located both ipsilaterally and
contralaterally to hematoma, with less pronounced values in non-injured area located around
the periclot T2 hyperintense rim. In addition, the edema formation in perilesional T2 high
signal area seems to be independent from hematoma size. These findings suggest that acute
SICH is associated to both local and global edematous brain responses and indicate that DWI
with analysis of rADC values represents a powerful tool for the evaluation of early edema
development occurring around an acute hemorrhagic focal lesion.
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CONTRACTILE AND CYTOSKELETAL PROTEIN CHANGES IN RABBIT
BASILAR ARTERY 7 DAYS AFTER SUBARACHNOID HEMORRHAGE AND
EFFECTS OF DEXAMETHASONE TREATMENT
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Object. Following subarachnoid hemorrhage (SAH), cerebral arteries undergo morphologic
and functional modifications. We aimed to study the perturbations of the expression of four
smooth muscle cytoskeletal and contractile proteins and an extracellular protein, collagen-I,
after SAH, and the possible preventive effects of an anti-inflammatory drug, dexamethasone.
Methods. Using a one-hemorrhage rabbit model (autologous blood injection into the cisterna
magna), we studied, first, the effects of SAH on the expression of alpha-actin, h-caldesmon,
vimentin, smoothelin-B, and collagen-I, and second, whether post-SAH systemic
administration of dexamethasone (3 daily injections of 5.6 mg/kg i.m.) corrected the
alterations induced by the SAH. Measurements were made at day 7 after SAH. The proteins
were studied by indirect immunohistochemical staining of 20u frozen artery sections using a
laser-scanning confocal microscope and attached software to determine the relative protein
staining densities. Results. Compared to sham arteries, the staining density of the media of
SAH arteries was reduced for alpha-actin (-11%, p = 0.01) and for h-caldesmon (-15%, p =
0.06), but increased for vimentin (+15%, p = 0.04) and smoothelin-B (+53%, p = 0.04).
Compared to arteries of the SAH group, those from the dexamethasone-treated SAH group
showed higher values of density for alpha-actin (+13%, p = 0.05) and h-caldesmon (+20%, p
=0.01), and lower values for vimentin (-55%, p = 0.05) and non-significantly different values
for smoothelin-B. The density of collagen-I in the adventitia decreased significantly after
SAH (-45%, p = 0.01), but dexamethasone treatment was without effect on this decrease.
These results are summarized in the figure. Conclusions. Thus, SAH-induced alterations in
the density of 3 out of 4 smooth muscle proteins were reversed by dexamethasone treatment;
two of these are directly related to contraction. This drug may potentially be useful to prevent
certain morphological and functional changes in cerebral arteries after SAH. Figure legend.
Means and SD of immunostaining intensities expressed relative to values in sham animals.
Coll-med=medial collagen; coll-adv=adventitial collagen. * p<0.05 between sham and sah
groups (p=0.06 for h-cald). § p<0.05 between sah and sah dexa groups.
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PERIOPERATIVE EVALUATION OF CAROTID ENDARTERECTOMY BY 3D-CT
ANGIOGRAPHY WITH REFINED RECONSTRUCTION: PRELIMINARY
EXPERIENCE OF CEA WITHOUT CONVENTIONAL ANGIOGRAPHY
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'Department of Neurosurgery and Restorative Neuroscience, Nagoya City University
Graduate School of Medical Sciences, Nagoya, Japan
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Object: For preoperative studies in cases of carotid endarterectomy (CEA), conventional
arterial angiography has been used as a golden standard to evaluate extent of carotid stenosis.
Three-dimensional computed tomography angiography (3D-CTA) has been developed and
utilized in visualization of various cerebral lesions. Here we present a preliminary report of
our experience with CEA using perioperative 3D-CTA in place of selective angiography for
evaluation of carotid stenosis. Methods: A total of 62 carotid arteries were examined before
and after CEA, 26 with an early 3D-CT system and 36 with a multidetector helical CT
allowing sophisticated reconstruction by personal workstation. In addition to patients who had
undergone conventional angiography at other institutes, ten subjects underwent CEA on the
basis of 3D-CTA findings alone. Results: Three D-CTA provided detailed information with
an excellent view of carotid stenoses. Volume rendering images comprehensively visualized
lesions and surrounding structures as well as calcifications, which were also well depicted by
maximum intensity projection images (Fig.). With postoperative evaluation, amelioration of
stenosis of carotid arteries and disappearance of calcifications on walls were obviously
displayed in 3D images. Evaluation of the cerebral circulation is one problem that still
requires solution, although cerebral vessels were delineated by 3D-CTA. One patient
experienced transient hemiparesis but no significant permanent deficit. Conclusions: Our
preliminary experience of CEA on the basis of 3D-CTA without conventional angiography
indicates that this approach with a high-performance workstation provides detailed images
with satisfactory preoperative information for CEA. We conclude that 3D-CTA is a safe and
accurate modality which is a practical alternative to conventional perioperative angiography.
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PREDICTING THE FATE OF ACUTE ISCHEMIC LESION WITH CT-PERFUSION

Hiroshi Hagiwara, Hidenori Nakamura, Hironaka Igarashi, Tatsushi Kamiya,
Yasuo Katayama

The Second Internal Medicine, Nippon Medical School, Tokyo, Japan

Purpose: To clarify whether CT-Perfusion (CTP) derived maps, namely regional cerebral
blood flow (rCBF) map, regional cerebral blood volume (rCBV) map, and regional mean
transit time (rMTT) map, provide feasible information to predict the fate of the ischemic
tissue on acute stage of ischemia, and, if so, which is a best predictor among three.
Methods:13 patients with the obstruction of major artery were recruited. CTP was taken
within six hours of onset in all cases. Seven regions of interest (ROI) were set on ischemic
hemisphere at the level of basal ganglia. The value of rCBF, rCBV and rMTT in these ROI
were calculated. Besides, ratio of these three parameters against the mirrored region on non-
ischemic hemisphere, namely CBF ratio, CBV ratio and MTT ratio, were also calculated.
Then discriminant analyses were performed to access whether threshold for the fate of
ischemic tissue (infracted or salvaged) can be established on these six parameters. Then ROC
analyses were taken to evaluate the sensitivity, specificity, and likelihood ratio on each
parameter. Results:Thresholds by discriminant analyses were 27.9ml/100g/min for rCBF,
0.63 for CBF ratio, 1.69ml /100g for rCBV, 0.85 for CBV ratio, 6.53s for rMTT, and 2.2 for
MTT ratio, respectively. Evaluated by sensitivity, the best predictor was 0.91 for each rCBF
and CBF ratio; the other sensibilities were 0.84 for rCBV, 0.69 for CBV ratio, 0.86 for rMTT,
and 0.88 for MTT ratio. Evaluated by specificity, the best predictor was 0.89 for MTT ratio;
the other specificities were 0.75 for rCBF, 0.71 for CBF ratio, 0.59 for rCBV, 0.71 for CBV
ratio, and 0.86 for rMTT. The highest likelihood ratio was 8.167 for MTT ratio; the other
likelihood ratios were 3.625 for rCBF, 3.383 for CBF ratio, 2.054 for rCBV, 2.406 for CBV
ratio, and 5.906 for rMTT. Areas under the ROC curve(meanzS.E) were almost equal for
rCBF, CBF ratio, rMTT, and MTT ratio, these were 0.92 + 0.03, 0.93 £ 0.03, 0.93 + 0.03, and
0.91 + 0.03, respectively, and larger than 0.77+0.06 for rCBV, 0.80+0.06 for CBV ratio.
Discussion: These results suggest that parameters of CTP (namely rCBF, CBF ratio, rMTT,
and MTT ratio) can predict the fate of cerebral ischaemia. There are some limitations that the
range of slab is limited by width of detector, and because of using non-diffusible tracer,
measured value is influenced by cardiac function and presence of vascular structure, but CTP
enables the evaluation of cerebral circulation in a short time, and is feasible for therapeutic
decision, particularly in determining the necessity of thrombolytic therapy for hyper acute
cerebral ischemia.
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STRUCTURE AND FUNCTION OF CEREBRAL MICROCIRCULATION AFTER
SUBARACHNOID HEMORRHAGE CAUSED BY PUNCTURE OF THE
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Introduction: Acute response to subarachnoid haemorrhage (SAH) is a severe, reversible
ischemia which in case of the rat model persists for about one hour. Our hypothesis is that this
early ischemia results in long lasting impairment of vascular responses which eventually may
participate in the development of late vasospasm. The aim of this study was to assess: i)
reactivity of cerebrocortical microcirculation to arterial CO2 changes, to intravenous
administration of papaverine or acetylcholine and to inhibition of nitric oxide synthesis, ii)
structural changes of the middle cerebral artery (MCA), basilar artery (BA) and ipsilateral
cerebral cortex 24, 48 and 96 hours after SAH. Methods: Male Sprague-Dawley rats (n=54)
weighing from 280-320 g were anaesthetized with chloral hydrate (40 mg/kg ip). They were
divided into six groups. Group 1 of 20 rats underwent sham surgery, in groups 2-6 (n = 8, 6,
7, 7 and 6, respectively) SAH was induced by endovascular puncture of the bifurcation of the
internal carotid artery (Veelken JA et al., Stroke 1995; Bederson JB et al., Stroke 1995).
Microflow (LDF) in cerebral cortex was measured bilaterally before, during and, for at least 1
hour, after SAH using two channels laser Doppler flowmeter. In group 2 reactivity of
microcirculation was tested at 3 hours following SAH. In groups 3-5 it was assessed at 24, 48
and 96 hours after SAH, respectively. Group 6 and 6 rats from group 1 were perfused
transcardially with 4% buffered glutaraldehyde. Fragments of cerebral cortex, MCA’s and BA
were carefully removed and processed for electron microscopy. Results: Following SAH
reactivity of LDF to CO2, papaverine and acetylcholine in the ipsilateral cortex was severly
impaired up to 48 hours. At 96 hours slight recovery of LDF responses was noted. On the
contralateral site impairment of the reactivity to all tested vasodilators was observed only at
24 hours after SAH. The response to L-NAME was well preserved on both sites at all times.
Electron microscopy demonstrated edema of the ipsilateral cerebral cortex. In ipsilateral
MCA and in BA damage of endothelial cells and rearrangement of the contractile elements
was observed. Conclusion: This study demonstrates that vasodilatory capacity of
microcirculation is severly impaired following SAH. Moreover, preservation of LDF response
to L-NAME and lack of the response to acetylcholine suggest deficiency of the NO/cGMP
system. Structural changes observed in MCA and BA suggest remodelling of the vessel wall.
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PROTEIN KINASE C INHIBITION BLOCKS UPREGULATION OF ETB AND 5-
HT1B RECEPTORS AND REVERSE CEREBRAL BLOOD FLOW REDUCTION IN
SUBARACHNOID HAEMORRHAGE OF RATS
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Introduction: Despite many years of research the pathogenesis of vasospasm after
subarachnoid haemorrhage (SAH) still remains elusive and no specific treatment exists to
alleviate the condition. Previous studies have shown that endothelin type B (ETB) and 5-
hydroxytryptamine type 1B (5-HT1B) receptors are upregulated following experimental
SAH. However, the intracellular pathways responsible for this receptor upregulation remains
unclear. The purpose of the present study was to investigate the involvement of protein kinase
C (PKC) in an experimental induced SAH model. We also wanted to test whether PKC
inhibition could alter the degree of SAH induced ET and 5-HT1 receptor upregulation in
addition to prevent the cerebral blood flow reduction. Methods: SAH was induced by
injecting 250 pl blood into the prechiasmatic cistern. In conjunction and after the induced
SAH the PKC inhibitor RO-31-7549 was injected intracisternally. Two days after the SAH
basilar arteries (BA) and middle cerebral arteries (MCA) were harvested and contractile
responses to endothelin-1 (ET-1; ETA and ETB receptor agonist) and 5-
carboxamidotryptamine (5-CT; 5-HT1 receptor agonist) were investigated by sensitive
myographs. ETA, ETB and 5-HT1B receptor mRNA levels were analyzed by real-time PCR.
In addition the regional CBF in sham, SAH and SAH treated with PKC inhibitor was
evaluated by an autoradiographic technique. Results: The PKC inhibitor RO-31-7549
decreased the maximum contraction elicited by application of ET-1 in BA and MCA as
compared to SAH. A sigmoidal curve was obtained with an Emax of 1134+8%, and a pEC50
of 9.42+0.16 (Fig.1). Interestingly there was no significant difference in the contractile
response between sham and RO-31-7549 treated rats. Treatment with RO-31-7549 also
decreased the maximum contraction elicited by application of 5-CT considerably as compared
to SAH. In parallel the PKC inhibition downregulated ETB and 5-HT1B receptor mRNA
levels. No differences were observed in the ETA receptor mRNA levels. The reduction in
global and regional CBF observed after SAH was significantly prevented with treatment with
RO-31-7549 (SAH: 56.5+4.0 and RO: 116.6.+7.3 ml/min/100g). Statistical analyses were
performed using the nonparametric Wilcoxon rank test, differences were considered
significant at p< 0.05. Data are expressed as mean + s.e.m. Conclusion: Our study suggests
that PKC plays an important role in the pathogenesis of cerebral vasospasm. Inhibition of
PKC prevented the reduction in the perfusion of global and regional CBF. It also attenuated
the vasoconstriction mediated by ETB and 5-HT1B receptors and decreased the receptor
mRNA levels in rat cerebral arteries after SAH. These results indicate that PKC may be an
important intracellular mediator for receptor upregulation and via its inhibition we can
prevent the cerebral vasospasm associated with SAH.
Figure 1.
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ANGIOGRAPHY, AND PERFUSION WEIGHTED MAGNET RESONANCE
IMAGING
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Object:

The double hemorrhage model in the rat is widely accepted to represent a reasonable
simulation of delayed cerebral vasospasm (CVS) after subarachnoid hemorrhage (SAH). A
neurological and angiographic characterization of this CVS, however, was not available so far
and is provided in the present investigation. Additionally, perfusion weighted imaging (PWI)
at 3 tesla magnet resonance (MR) tomography was implemented for determination of cerebral
blood flow (CBF) and volume (CBV).

Methods:

In a prospective experimental setting CVS was induced by application of 0.2 ml of autologous
blood in the Cisterna magna done twice. Surviving rats were examined on the days 2, 3, 5, 7
and 9. Animals were neurologically graded between 0 and 3, followed by MRI, and selective
digital subtraction angiography (DSA). The relative regional (rr) CBF and rrCBV was set in
relation to the perfusion (MBF) and the blood volume of the masseter muscle (MBV).

Results:

Neurological condition was significantly reduced on day 2, 3, and 5 (medians) (Figure 1).
Basilar artery (BA) diameter, however, was not significantly reduced until day 5 reaching
0.15+0.02 mm (SAH) versus 0.32£0.01 mm (sham) (mean = SEM). In correlation the
rrCBF/rrMBF ratio (2.5+0.8 (SAH); 9.2+1.3 (sham)) and the rrCBV/rrMBYV (3.2+0.5 (SAH);
8.5+1.3 (sham)) was also significantly decreased on day 5 (Figure 2). Correlation between
BA diameter and rrCBF/rrMBF was 0.70 and 0.77 for rrCBV/rrMBV.

Conclusion:

A valid and reproducible CVS in the rat double hemorrhage model was proven by
neurological score, DSA, and PWI on day 5. Additionally, our data demonstrate the
practicability and validity of MR PWI1 for the monitoring of CVS in a rat SAH model.

Figure 1 Figure 2
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TISSUE-TYPE PLASMINOGEN ACTIVATOR CROSSES THE INTACT BLOOD-
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Despite uncontroversial benefit from its thrombolytic activity, the documented neurotoxic
effect of tissue plasminogen activator (tPA) raises an important issue: the current emergency
stroke treatment might not be optimum, if exogenous tPA can enter the brain and thus add to
the deleterious effects of endogenous tPA within the cerebral parenchyma. Here, we aimed at
determining whether vascular tPA crosses the blood-brain barrier (BBB) during cerebral
ischemia, and if so, by which mechanism. We have first evidenced that brain lesions induced
by intra-striatal injection of NMDA were enhanced either when tPA was co-infused in the
striatum or when intravenously injected. In addition, co-infusion of PAI-1 with NMDA in the
striatum prevented the deleterious effect of intravenous injection of tPA. No BBB alteration
was observed in any of these conditions, as assessed by confocal microscopy analysis of
FITC-Dextran (77kDa) extravasation. Altogether, these data suggest that tPA (69 kDa) has to
cross the intact BBB to potentiate neuronal death within the parenchyma. By using
biotinylated tPA, we have shown by immunohistochemistry, that tPA crossed the BBB in
vivo in control and NMDA-injected animals. Moreover, tPA can be detected in the
cerebrospinal fluid after its intravenous injection. In order to characterize the mechanism of
this passage, we used a cellular model of BBB. Although tPA did not influence the integrity
of the BBB by itself, tPA was capable to cross the BBB. Its passage was blocked at 4 C and
was saturable, suggesting a transendothelial and receptor-mediated mechanism. As the low-
density lipoprotein receptor related protein (LRP) and mannose receptor have been already
shown to bind tPA, we investigated whether one of these two receptors could be involved in
this passage. Although mannose had no effect on the passage of tPA, RAP (receptor—
associated protein, an antagonist of LRP) blocked the passage of tPA. We next investigated
whether oxygen and glucose deprivation (OGD) could influence the mechanism of the
passage of tPA. OGD led to an exacerbation of tPA passage, and switched the mechanism to a
LRP-independent process. These data suggest two mechanisms by which tPA can cross the
BBB, a moderate receptor-mediated transcytosis in control conditions and an exacerbated and
unsaturable passage involving an unspecific transcellular pathway after ischemic conditions.
Preventing the interaction of tPA with LRP could thus be an interesting strategy to block the
deleterious effect of tPA in vivo, but only as long as the integrity of the BBB is not altered.
These data show the importance of taking the side effects of blood derived tPA into account,
and offer bases to improve the current thrombolytic strategy for stroke treatment.
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AFTER SUBARACHNOID HEMORRHAGE
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Object:

A disturbed balance of the cerebrovascular nitric oxide (NO)-Endothelin (ET)-1 network,
seems to play an important role in the development of cerebral vasospasm (CVS) after
subarachnoid hemorrhage (SAH). The ET-1 effect mediated by the dominant smooth
muscular ET(A)-receptor seems to represent the contractile part of this network. Activation of
the endothelial ET(B)-receptor, however, results in a release of NO, which may imply a
neuroprotective effect by vasodilatation. Accordingly, an ET(A)-receptor selective antagonist
may be the most promising approach for treatment of CVS. Clazosentan is a putatively high
selective ET(A)-receptor antagonist and the first drug that provides clinical prove of ET-1
being involved in the pathogenesis of CVS. Aim of the present investigation was, therefore, to
provide the pharmacological properties of clazosentan including its actual selectivity to the
ET-receptors in the cerebrovasculature in a functional approach.

Methods:

Isometric force measurements were performed in rat basilar artery (BA) ring segments with
(E+) and without (E-) endothelial function. Concentration effect curves (CEC) were
constructed by cumulative application of ET-1, Sarafotoxin S6c (S6c), or bigET-1 in the
presence or absence of clazosentan (10°M - 10°M). To characterize the contractile, ET(A)-
receptor segments under resting tone were used. To evaluate the vasodilatory component
segments were pre-contracted with prostaglandin F,..(PGF F,,). The inhibitory potency of
clazosentan was determined by the pA,-value.

Results:

CEC:s for the contraction by ET-1 and bigeT-1 were shifted to the right in the presence of
clazosentan dose dependently and in a parallel manner, which indicates competitive
antagonism. The pA,-values for ET-1 were 7.8 (E+) and 8.6 (E-) compared to the values for
bigET-1 of 8.6 (E+) and 8.3 (E-), respectively. The relaxation by Séc, ET-1 and bigET-1 was
also inhibited by clazosentan in a competitive manner, yielding pA,—values of 7.1, 6.7 and
6.5, respectively. The selectivity to the ET(A)-receptor in the cerebrovascular system was,
therefore, approximately two logarithmic units.

Conclusion:

The present data characterize clazosentan as a potent competitive antagonist on the ET(A)-
receptor mediated constriction of the cerebrovasculature by ET-1 and its precursor bigeT-1.
A competitive inhibition of ET(B)-receptor mediated relaxation in cerebral vessels by
clazosentan in therapeutically relevant concentrations, however, is suggested by our data.
Therefore, evaluation of its concentration in the cerebrospinal fluid should be performed in
further clinical trials. The present data may additionally be taken to describe the
pharmacological properties for an ET-receptor antagonist specifically tailored for the
treatment of pathological conditions of impaired cerebral blood flow.
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Introduction: Measurement of cerebral blood flow (CBF), cerebral blood volume (CBV),
cerebral oxygen extraction fraction (OEF), and cerebral metabolic rate of oxygen (CMRO2)
by PET is widely used for investigation into the pathophysiology of occlusive cerebrovascular
disease. Decreased cerebral perfusion pressure below the lower limit of cerebral
autoregulation causes a decrease in CBF with an increase in OEF for maintenance of
CMRO2, that is called as “misery perfusion”. On the other hand, decrease in CBF with
decrease in CMRO2 is often observed in brain regions suffered from occlusive
cerebrovascular disease without any organic lesions on MRI (“matched reduction™).
However, cerebral hemodynamics in matched reduction has not been elucidated. In the
present study, we have investigated cerebral hemodynamics and oxygen metabolism using
PET in both groups of misery perfusion and matched reduction. Methods: CBF, CBV, OEF,
CMRO2, and vascular responses to hypercapnia and acetazolamide stress were measured by
PET with H2150, C150, and 1502 in 22 patients with stenoocclusive lesions in unilateral
major cerebral arteries on 2-6 weeks after onset. All patients were divided into two groups,
misery perfusion group (n=6) and matched reduction group (n=16), by ipsilateral/contralateral
ratio of OEF (misery perfusion group: OEF ratio > 1.05, matched reduction group: OEF ratio
< 1.05). Results: In both groups, CBF in ipsilateral side was significantly decreased as
compared with contralateral side. CMRO?2 in ipsilateral side was significantly decreased as
compared with contralateral side in the matched reduction group, but not in the misery
perfusion group. In the misery perfusion group, CBV and vascular mean transit time (MTT,
MTT=CBV/CBF) in ipsilateral side were significantly increased, and vascular responses to
hypercapnia and acetazolamide stress in ipsilateral side were significantly decreased as
compared with contralateral side. In the matched reduction group, no changes in CBV, MTT,
and vascular responses to hypercapnia and acetazolamide stress were observed in ipsilateral
side as compared with contralateral side. Conclusion: In the misery perfusion group, increase
in CBV and decrease in vascular responses to hypercapnia and acetazolamide stress were
observed, indicating decrease in cerebral vascular reserve, as reported previously. On the
other hand, in the matched reduction group, no changes in CBV, MTT, and vascular
responses to hypercapnia and acetazolamide stress were observed, indicating preserved
cerebral vascular reserve. Reduction of CMRO2 with preserved cerebral vascular reserve in
matched reduction indicates that hypoperfusion in this lesion might be caused secondary. It
can be speculated that lesions showing matched reduction might have microscopic lesions
such as neuronal damage that can not be detected by MRI, or remote effects from other
ischemic lesions.
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Hospital, Chiba, Japan
*Department of Neurosurgery, Neurological Institute, Nippon Medical School, Chiba-
Hokusoh Hospital, Chiba, Japan

Introduction: Ipsilateral thalamic diaschisis (ITD) refers to reduced metabolism and blood
flow in the ipsilateral thalamic to a cerebral lesion. We performed single-photon emission
computed tomography (SPECT) in patients with cortical infarction to identify regions
independently related to ITD, controlling for possible confounding effects. Methods: Patients
with unilateral cortical infarction (n=113; 75 male, 38 female; mean age+SD, 66+13 years)
underwent SPECT of the brain with N-isopropyl-p-[1231] iodoamphetamine (123I-IMP).
Regional cerebral blood flow (rCBF) was measured autoradiographically. Asymmetry indices
(Al) were calculated based on ratios representing symmetric rCBF in the thalamus and 16
cerebral regions. ITD was defined as Althalamus exceeding 0.1. Al for 16 cortical regions
were considered as both dichotomous and continuous variables for analysis concerning ITD
occurrence using backward logistic regression. Results: Considering dichotomized variables,
hypoperfusion of inferior frontal (OR=6.24; 95% CI, 2.187 to 17.800), anterior cingulate
(OR=3.91; 95% CI, 1.017 to 15.031), and postcentral (OR=6.372; 95% ClI, 2.226 to 17.979)
regions independently influenced ITD. Considering continuous variables, hypoperfusion of
posterior midfrontal (OR=1.047; 95% CI, 1.012 to 1.082) regions, anterior cingulate
(OR=1.046; 95% CI, 1.003 to 1.092), and postcentral (OR=1.042; 95% CI, 1.019 to 1.066)
regions independently independently influenced ITD.
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QUALITY OF PRECLINICAL EVIDENCE FOR NEUROPROTECTION IN STROKE

Tori O'Collins"?, Malcolm Macleod” *, Laura Horky® *, Dennis Young?, Geoffrey Donnan?,
David Howells"?
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BACKGROUND: The gap between expectations and outcomes in clinical stroke trials of
neuroprotection has brought into question the validity and sufficiency of preclinical evidence.
OBJECTIVE: A review was undertaken in order to identify therapies tested experimentally in
animal models of neuroprotection and to assess the quality of experimental evidence
supporting the use of such agents in acute stroke patients. Furthermore, to better understand
the currently preferred experimental model of stroke - the focal ischemia model (STAIR,
1999) - a meta-analysis was conducted using data from the focal ischemia experiments.
DATA SOURCES: Experimental acute stoke treatments and studies were identified from
PubMed, from clinical trials databases and by cross-reference. For each drug, a PubMed
search was conducted using the terms (drug name) AND (neuroprotection OR cerebral
ischemia OR stroke). STUDY SELECTION: Studies measuring treatment efficacy in
controlled culture and in vivo models of neuroprotection were selected for analysis.
RESULTS: Over 1000 experimental treatments were identified, of which, about 100 have
been administered to acute stroke patients. Using a ten-point quality-of-evidence scale based
on the Stroke Therapy Academic Industry Roundtable recommendations (1999), the general
level of preclinical experimentation fell short of these drug development standards. Whilst the
quality of evidence from animal experiments was found to be higher in those drugs that have
gone to clinical trial, extensive testing of these drugs in animals was frequently undertaken
only after treatments had already been given to patients. Further, the average protection
afforded by clinically tested treatments did not differ significantly from those still in the
experimental phase (30% vs. 25% respectively). CONCLUSION: With hindsight, it is not
evident that the best drugs have been selected for clinical trial. More rigorous preclinical
testing and a greater understanding of experimental models will assist in the evaluation of
promising therapies for clinical trial.
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CEREBROVASCULAR ALTERATION IN ALCOHOLIC PATIENTS
Piroska Szalay', Kornel Sipos®, Attila Szucs®, Michael Bodo®
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For most people who drink alcohol, the substance is viewed as a pleasant accompaniment to
social activities. Moderate alcohol use (in general, two drinks per day for men and one drink
per day for women and older people) is not harmful and protects against arteriosclerosis.
However, uncontrolled alcohol consumption causes mental and somatic problems (1).
Psychological and somatic variables were measured to establish possible correlations with
cerebrovascular alterations due to alcoholism. Cerebrovascular alteration was estimated by
rheoencepholography (REG) (2), a noninvasive bio-impedance technique acknowledged by
the U.S. Food and Drug Administration as a tool for estimating cerebral blood flow (3).
Jenkner (4) established the arteriosclerotic standard of REG. Our hypothesis was that
uncontrolled alcohol consumption may cause cerebrovascular damage detectable by REG.
The test subjects were 48 alcoholic patients in Hungary; the control group consisted of 12
drug-addicted and depressed patients in Hungary and 13 healthy male subjects in the United
States. Subjects were subdivided into young and older subgroups (below and above 40 years).
A REG anacrotic time above 180 ms was considered pathological. Four additional subgroups
were formed according to smoking habits and average daily alcohol dose. Compared to
alcoholic subjects, drug-addicted patients showed significantly shorter REG anacrotic time.
Twelve alcoholics showed a pathological REG value. ANOVA showed that daily alcohol
consumption and smoking were significantly higher in alcoholics than in drug patients or
patients with depression. Factor analysis of variables showed gender differences. Three
factors were found both for males (cumulative%= 64.86) and females (75.56): factor 1 - age
and REG anacrotic time (males) and age with vegetative indexes (females); factor 2 - daily
alcohol and cigarette consumption for both genders; factor 3 - REG and vegetative index
(males). Longer REG anacrotic time was correlated with higher daily alcohol consumption (r
= 0.683, p = 0.007) in a subgroup (n = 12). For all subjects, physiological cerebrovascular
aging was expected to show an identical slope with age. However, in the Hungarian alcoholic
group, the sharper REG slope: 36.68 vs. age: 0.56 (ratio: 64.39) reflected the pathological
impact of alcohol abuse. The U.S. control sample showed a nearly identical slope for both
REG (1.79) and age (3.45; ratio: 0.52). The correlation of increased REG and daily alcohol
consumption supports the accelerated cerebrovascular aging (arteriosclerosis) of the alcoholic
subjects. Further study will be performed to exclude greater Hungarian cardiovascular risk
factors, which may influence the increased REG anacrotic time. 1.Anonymous, The National
Institute on Alcohol Abuse and Alcoholism, Bethesda, MD.
http://www.niaaa.nih.gov/publications/booklet.ntm 2.Bodo et al, A complex cerebrovascular
screening system (Cerberus). Medical Progress through Technology, 21(2):53-66. 1995.
3.Anonymous 1997 Rheoencephalograph. Code of Federal Regulations, Title 21, Volume 8,
Sec. 882.1825. (Washington DC: U.S. Government Printing Office). 4. Jenkner FL. Clinical
rheoencephalography. Ertldruck, Vienna, 1986.
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BEDSIDE MONITORING OF CEREBRAL BLOOD FLOW (CBF) IN PATIENTS
WITH CEREBRAL VASOSPASM AFTER SUBARACHNOID HEMORRHAGE
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Introduction: Cerebral injured and patients with severe stroke are at high risk for secondary
ischemic brain damage, due to intracranial hypertension and cerebral vasospasm (CVS).
Established methods for measurement of cerebral blood flow (CBF) are technically difficult
or need a transport of the patient. Transports for perfusion magnet resonance imaging
(Perfusion-MR), computer tomography (CT), positron emission tomography (PET) or single
photon emission computed tomography (SPECT) are high risk situations for the patients. To
avoid such situations of risk a bedside cerebral monitoring approach is necessary. Recently,
conventional near infrared spectroscopy (NIRS) for oxymetry has been extended with an
indocyanine green (ICG) dye dilution method. This non-invasive approach of NIRS used with
ICG can be applied at the bedside to determine mean transit time (mtt), cerebral blood volume
(CBV) and cerebral blood flow (CBF) of the patient based on the observed dye dilution curve
of ICG. The modified NIRS method has been validated with perfusion-MR in a healthy
volunteers study (Keller et al., Neuroimage, 2003, 20:828-39). Methods: Further validation of
the NIRS ICG dye dilution technique is done by correlating the results with clinical events
e.g. intracranial pressure (ICP) crisis or brain herniation. The patient status is observed using
transcranial doppler (TCD) to measure the blood flow velocities, angiography and Perfusion-
CT to estimate the occurrence of delayed ischemic neurological deficits (DIND). In parallel
NIRS used with ICG is done. 4 NIRS optodes are placed bilaterally on the forehead (NIRS-
system Oxymon, Nijmegen). Central venous injections of 0.5mg/kg ICG are performed and
the dye dilution curves are recorded to extract mtt, CBV and CBF. NIRS measurements were
performed with the occurrence of CVS immediately before and after intraarterial spasmolysis.
Results: A case report will be presented of a 42 years old woman with subarachnoid
hemorrhage (SAH) Hunt &Hess 2, Fisher 3, with ruptured left sided aneurysm of the middle
cerebral artery (MCA). The mtt's in both hemispheres are detected with mttleft 7.2sec and
mttright 6.6sec. Day 7 hemiplegia and aphasia occured. With the diagnosis of CVS, between
day 7-14 triple h (hypertensive, hypervolemic hemodilution) therapy has been applied and
three times spasmolysis with intraarterial papaverine instillation was performed. With
persistent CVS, additionally, the patient was treated with hypothermia and barbiturate coma
until day 14. Before papaverine instillation mtt over the left hemisphere (with CVS) has
increased while the mtt over the right hemisphere remained (mttleft 8.8sec to mttright 6.6sec).
After papaverine instillation into the left MCA mttleft decreased to 8sec, whereas the mtt
values over the right hemisphere remained unchanged. Also the leftsided values for CBV and
CBF decreased after spasmolysis (before CBVleft 1.5ml/100g and CBFleft 14ml/100g/min;
after papaverine instillation CBVIeft 2.5 ml/100g and CBFleft 20ml/100g/min). Day 14, the
rewarming was started based on the results of the perfusion-CT. The NIRS results correlated
with the trend in the perfusion-CT (mttleft=mttright). Conclusion: Mtt values may be the most
important values to observe treatment effects of CVS with increasing brain edema. The new
methodology could be a powerful tool in detection and treatment of CVS.
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ADULT-ONSET MOYAMOYA DISEASE WITH ANGIOGRAPHICALLY VERIFIED
PROGRESSION
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Background: The clinical course of Moyamoya disease (MMD) is different in pediatric and
adult patients. MMD seemed to progress with aging in childhood and then stabilized in
adulthood. However, a few reports have indicated the dynamic angiographic change even in
adult-onset MMD. Thus, in this study, we reviewed adult cases with progress in angiographic
stage and report our case of adult-onset MMD with progression confirmed by cerebral
angiography. Methods: We reviewed the clinical and radiographic records obtained in
previous published reports of adult-onset (over 20 years) MMD with progression. This study
encompassed only 19 cases; our case and 18 which were previously reported in the literature.
We could divide these cases to two groups by angiographic appearance (unilateral or bilateral
lesion at diagnosis). In these two groups, there was subgroup in which progression was found
after surgical procedure. Angiographic stage was graded using Suzuki's classification.
Results: The age at onset was 21 - 68 years (mean, 39.8 + 13.3) with age peaks in third
decade. Females were more commonly involved (78.6%) than males. Ischemic stroke was the
most common initial presentation, and there were only two cases with hemorrhagic stroke.
The mean period until follow-up angiography was 35.3 months, and almost cases (84.2%)
have advanced stage within 5 years. Moreover, about half (42.9%) of patients were
asymptomatic, when angiographic progression was confirmed. Our case was a symptomatic
43-year-old Japanese woman with right hemispheric TIA. There was no familial and medical
history. Cerebral angiography revealed MMD (stage Il bilaterally according to Suzuki).
Antiplatelet medication with aspirin (100mg/day) was begun. When she was 45 years old, she
was readmitted to our hospital for surgical treatment because of repeated ischemic episodes.
Cerebral angiography demonstrated the progressive appearance (stage V bilaterally).
Conclusions: To our knowledge, our study is the first review for progressive adult-onset
moyamoya disease in the English-language literature. There seem to be more cases with
adult-onset MMD with progression than previously report. Our review indicates that ‘adult-
onset MMD with progression’ includes the several different pathological patterns. We
suggested that careful observation for at least 5 years is required even if in adulthood.
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RELATIONSHIPS BETWEEN VERTEBRAL ARTERY DIAMETER AND
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Introduction: It is well known that dissection in the vertebrobasilar (VB) systems shows
various clinical features such as aneurysmal dilatation and consequential hemorrhagic stroke,
or occlusive change and consequential ischemic stroke [1]. These features have close
relationships with the clinical outcome. The purpose of the present study was to clarify which
factors had an influence on aneurysm formation in patients with dissection in the VB system.
Methods: This study included 20 consecutive patients with a dissection in the VB system.
All patients underwent cerebral digital subtraction angiography (DSA), MRI including
diffusion weighted image (DWI), MR angiography (MRA), and duplex ultrasonography. We
adopted the diagnostic criteria for VB dissection as follows: 1) intimal flap, double lumen,
pearl and string sign, or string sign was observed in DSA, MRA, or duplex ultrasonography,
or 2) pearl sign or tapered occlusion was observed in DSA and changes in these findings were
documented in the serial studies. In DWI, sites and number of infarct were evaluated. In
duplex ultrasonography, diameter and flow velocity of the cervical portion of the vertebral
artery (VA) were measured. Dominant VA was defined when diameter ratio
(ipsilateral/contralateral) was more than 1.4 [2] or when contralateral VA had occluded.
According to the criteria, dissecting VA was classified into 3 groups: dominant VA, non-
differentiated VA, and hypoplastic VA. We investigated the relationships between the clinical
and radiological factors and dissecting aneurysm formation. Results: On DWI, brain
infarction was observed in 14 patients; 12 in the posterior inferior cerebellar artery (PICA)
territory (cerebellum in 10 and the lateral medulla in 6), 2 in the medial medulla, 1 in the
pons, 1 in the cerebellum of the superior cerebellar artery territory, and 1 in the posterior
cerebral artery territory. One patient had dissection in the bilateral VAs. The remaining 19
patients had the unilateral dissection. Sites of dissection were VA before branching PICA in
16, VA after branching PICA in 3, and PICA in 2. Dominant VA was dissected in 5 patients,
non-differentiated VA in 11, and hypoplastic VA in 4. Dissecting aneurysm was observed in
5 patients (1 in dominant VA and 4 in non-differenciated VA). Aneurysmal change was
absent in the patients with dissection in hypoplastic VA. The remaining 15 patients had VA or
PICA occlusive lesions due to the dissection. The diameter ratio of the VA tended to be
higher in patients with dissecting aneurysm than in patients with occlusive lesions (1.25+0.43
vs 0.88+0.32, p<0.1). Patients with VA dissection in the thicker side tended to more
frequently have aneurysm formation than patients with VA dissection in the narrower side
(50% vs 20%, p<0.1). Conclusions: VA diameter or dominancy evaluated using duplex
ultrasonography may be an important factor for aneurysm formation in patients with VA
dissection. References: [1] Nakagawa K, et al: J Neurosurg 2000;93:19 [2] Saito K, et al:
Stroke 2004;35:1068
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DISEASE BURDEN OF ISCHEMIC STROKE ON FUNCTIONAL ABILITY OF
WORKING

Shigeharu Takagi, Sari Sekiyama, Kentaro Tokuoka, Hiroyuki Mandokoro,
Tomohide Onuki, Ryuya Kumazawa, Satoko Kobori, Tsuyoshi Uesugi, Takashi Yasuda
Department of Neurology, Tokai University School of Medicine, Isehara, Japan

Purpose : To clarify the load of various subtypes of cerebrovascular disease on the functional
ability of workers. Materials and Methods : (1) From the database of Japanese acute
cerebrovascular disease, we studied modified Rankin Scale (mRS) at discharge of 1298
patients with atherothrombotic infarction, 1252 with lacunar infarction, and 1149 with
cardiogenic embolism. These subjects were classified into age classes with range of 5 years.
(2) We studied the patients with the first-ever ischemic stroke who were younger than 65
years when they admitted to Tokai University Hospital from April 2001 to March 2002. We
evaluate mRS of these subjects at discharge, and their functional ability of working by the
questionnaire. Functional disability ratio is expressed as the ratio of subjective disability to
their ability before their onset of ischemic stroke. (3) Disease burden from cerebral infarction
of various clinical categories with various age of onset was calculated as follows. disease
burden = occurrence rate x functional disability ratio x expected workable years until 65.
Results and Discussion : As shown in Figure, disease burden from lacunar infarction is the
highest among the three clinical categories of cerebral infarction due to the highest incidence
of occurrence rate among these categories under age of 65. Also as shown in Figure, disease
burden is the highest on workers with age rank of 45-49, in all of clinical categories, because
they have relatively long expected workable years until 65. Conclusion : From the standpoint
of disease burden on working, lacunar infarction in young subjects is most important and
needs strengthened efforts of prevention.
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CLINICAL DIFFERENCES BETWEEN MONOPARESIS AND HEMIPARESIS IN
PURE MOTOR STROKE
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Background: Pure motor stroke is the most common of any lacunar syndrome and is of
clinical use for the diagnosis of lacunar stroke.[1] However in this syndrome, pure motor
monoparesis (PMM) is unusually considered to be almost due to a nonlacunar stroke.[2] We
sought to clarify the clinical characteristics of ischemic stroke with PMM compared with
those with pure motor hemiparesis (PMH). Methods: We analyzed 201 consecutive patients
(118 men and 83 women with age of 72+11 years) with first-ever acute ischemic stroke who
presented with pure motor syndrome admitted between April 2000 and December 2004.
Subjects were divided into 2 groups; patients with weakness restricted to one part of face,
arm, or leg (PMM group, n = 50), and those with weakness involving more than two parts on
the same side (PMH group, n = 151). Sex, age, vascular risk factors including hypertension,
diabetes mellitus, hyperlipidemia and smoking, arterial occlusive disease in responsible
cerebrovascular system, emboligenic heart disease, neurological symptoms, and infarct size
and location on diffusion-weighted MR imaging were compared between the groups. Results:
The PMM group showed more noticeable predominance of women (56% versus 36%, P <
0.05) than the PMH group. Age, other vascular risk factors, and occlusive cerebral artery
diseases did not significantly differ between the two groups, but emboligenic heart diseases
were more frequently detected in the PMM group than in the PMH group (30% versus 9%, P
< 0.0005). 54% of patients in the PMM group harbored an emboligenic heart disease and/or
an occlusive cerebral artery disease, which was a greater proportion than 31% of patients in
the PMH group (P < 0.005). The PMM group also had more frequently an abrupt onset of
neurological symptoms (66% versus 33%, P < 0.0001) and cortical infarcts on diffusion-
weighted MR imaging (58% versus 21%, P < 0.0001) than the PMH group. Multiple logistic
regression analysis demonstrated that emboligenic heart disease (OR 4.895, 95% CI 2.020-
11.862, P < 0.0005) were independently associated with the PMM group. Conclusions: There
were some clear differences between PMM and PMH in patients with first-ever acute
ischemic stroke. PMM was independently associated with emboligenic heart disease and may
be caused predominantly by embolic stroke as compared with PMH. References 1. Arboix A,
Marti-Vilalta JL, Garcia JH. Clinical study of 227 patients with lacunar infarcts. Stroke.
1990;21:842-847. 2. Melo TP, Bogousslavsky J, van Melle G, Regli F. Pure motor stroke: a
reappraisal. Neurology. 1992;42:789-795.
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THE ACUTE AND LONG-TERM PROGNOSIS OF CEREBRAL INFARCTION ON
THE BASIS OF THE CLINICAL CLASSIFICATION OF THE OXFORDSHIRE
COMMUNITY STROKE PROJECT

Katsunori Isa, Takashi Tokashiki, Koichiro Okumura, Kunitoshi Iseki, Shuichi Takishita
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Background: The Oxfordshire Community Stroke Project (OCSP) clinical classification of
subtypes of cerebral infarction reported to be simple and practicable. The large database of
cerebral infarction is available in Okinawa, Japan. Purpose: The aim of the study was to
evaluate acute and long-term prognosis of cerebral infarction registered in Okinawa
prefecture in 1998-1991 according to the OCSP classification. Method: We divided total 2126
patients with cerebral infarction into the following 4 OCSP categories: total anterior
circulation infarcts (TACI), partial anterior circulation infarcts (PACI), lacunar infarcts
(LACI), and posterior circulation infarcts (POCI). Relative risks of death were examined by
multivariate Cox proportional hazard analysis after adjusting age and sex. Result: The
subjects comprised 202 patients (9.5%) with TACI, 558 (26.2%) with PACI, 1188 (55.9%)
with LACI, and 178 (8.4%) with POCI. The adjusted hazard ratio (95% CI) for the risk of
death in 10-year observation was 1.07 (0.85-1.34) for POCI, 1.24 (1.16-1.33) for PACI, and
1.43 (1.35-1.53) for TACI, when compared to that in patients with LACI (1.00). The
mortality rates within 28 days after the onset were 37.1% for TACI, 6.1% for PACI, 1.85%
for LACI, and 5.6% for POCI. Conclusion: The acute mortality rate of TACI was extensively
high. The long-term prognosis of cerebral infarction differed among OCSP subgroups.
Reference: Bamford J, Sandercock P, Denis M, et al.: Classification and natural history of
clinically identifable subtypes of cerebral infarction. Lancet, 337: 1521-1526, 1991. Tei H,
Uchiyama S, Ohara K, Kobayashi M, Uchiyama Y, Fukuzawa M.Deteriorating ischemic
stroke in 4 clinical categories classified by the Oxfordshire Community Stroke Project.
Stroke, 31:2049-2054. 2000.
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DYNAMIC CHANGES OF THE PYRAMIDAL TRACT AFTER ISCHEMIC STROKE
DETECTED DETECTED BY MR TRACTOGRAPHY
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INTRODUCTION: After ischemia the adult brain can regenerate and compensate for motor
deficits by plastic change, including an initial recruitment of motor pathways in the intact
hemisphere, and in patients with good recovery, return of activity to the ipsi-lesional side.
Diffusion tensor axonal fiber tracking reveals the correlation between brain plasticity and
recovery of motor function during rehabilitation. However, the reorganization of fiber tracks
was not previously mapped in a longitudinal study of humans during recovery from stroke.
We used diffusion tensor imaging (DTI) with 3D fiber tracking to test the relationship
between density ratio (number of tracked fibres per unit volume) of the ipsi- and contral-
lesional pyramidal tract fibres and motor function. We hypothesized that bilateral increase in
fiber density underlies good recovery, whereas a persistent low ratio is associated with poor
outcome. METHODS: Five right-handed patients with subcortical ischemic infarcts were
tested with a battery of neurological motor scales acutely, and at one and three months post-
stroke. Serial DTI was performed using a birdcage head-coil and double spin echo single shot
EPI at 1.5 T, employing 17 isotropically-distributed directions, and a b-factor of 1000 s/mm2,
with additional b-factor=0 s/mm2 images. Maximum gradient strength was 36 mT/m. 50
slices of 3.3 mm thickness were acquired, covering a 24 cm FOV in a 128x128 matrix. TR/TE
=17000/84 ms. The sequence was repeated four times for a total 22 min acquisition time. The
eigensystem was calculated from the diffusion tensor in each voxel using diagonalization.
Fiber tracking was calculated with the FACT algorithm. RESULTS The figure shows
temporal evolution of the density ratio in relation to motor function (Medical Research
Council=MRC), with squares representing acute studies. Overall, fiber density ratio in the
ipsi-lesional pyramidal tract increased in the four patients with good outcome (MRC>4).
Transiently increased contral-lesional fiber density ratio approved to predict better outcome
(not shown). DISCUSSION: The novel finding of fiber density related progression of
outcome from ischemic stroke is based on preliminary data and more studies are needed to
validate the method. The present results in a group of five stroke patients suggest that DTI
fiber tracking detects changes in fiber density correlated with motor recovery within three
months post-stroke. Bilateral increases in fiber density suggest plastic changes in both
pyramidal tracts during recovery from hemiparesis.
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PHARMACOLOGICAL NEUTROPENIA REDUCES THROMBOLYSIS-
ASSOCIATED HEMORRHAGIC COMPLICATIONS AFTER FOCAL ISCHEMIA IN
RATS

Sophie Gautier, Thavarak Ouk, Olivier Pétrault, Maud Laprais, Jacques Caron, Régis Bordet
Laboratoire de Pharmacologie, Faculté de Médecine, Lille, France

Introduction This study investigated whether in neutropenia conditions induced by vinblastine
(Vb), we could prevent the intracerebral complications, the infarct volume increase and the
postischemic endothelial dysfunction induced by thrombolysis. Materials A cerebral
ischemia-reperfusion by endoluminal occlusion of middle cerebral artery (MCA) was
performed 4 days after intravascular administration of vinblastine (0.5 mg/kg) or vehicle
(saline solution 0.9%), on male spontaneously hypertensive rats (SHR) with 1 hour ischemia
then followed by perfusion intravenously 5 hours later either saline or rtPA associated with
thrombus lysis products (TLP). Hemorrhage severity and brain infarct volume measurement
were evaluated by histomorphometric analysis. In addition, MCA reactivity was assessed
using Halpern myograph. Results Neutropenia induced a neuroprotective effect as
demonstrated by a significant decrease of brain infarct size in animals perfused by rtPA+TLP
solution (127.68 + 13.11 versus 174.76 £ 9.81 mm3 in NaCl TLP group; p<0.05). No effect
of neutropenia was observed on cerebral infarct volume in animals perfused by saline solution
0.9 % (144.09 + 10.21 mm3 in Vb NaCl group and 144.44 + 7.53 mm3 in NaCl NaCl group).
The neutropenia-induced decrease of infarct volume was associated with a decrease of both
hemorrhage severity (4.5 + 1.3 versus 9.6 + 2.1 petechiae in NaCl TLP group) and post-
ischemic impairment of MCA endothelium-dependent relaxation (24.55 + 5.64 versus 9.08 +
0.56 in NaCl TLP group; p<0.05). The fully relaxation of smooth muscle response to sodium
nitroprusside did not change in all groups. Conclusion In parallel to its neuroprotective effect,
vinblastine-induced neutropenia prevents the post-ischemic impairment of MCA
endothelium-dependent relaxation in TLP-perfused animals. Moreover this vascularprotection
leads to limit the intracerebral hemorrhages.
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STATISTICAL PARAMETRIC ANALYSIS OF CEREBRAL BLOOD FLOW IN
VASCULAR DEMENTIA DUE TO SMALL-VESSEL DISEASE USING *"Tc-HMPAO
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Background In our previous study, a vascular dementia (VaD) due to small-vessel disease
showed more heterogeneous cerebral blood flow distribution than healthy controls.1) In the
present study, we investigated whether or not regional cerebral blood flow (rCBF) in patients
with VaD due to small-vessel disease is locally reduced in particular brain areas compared
with normal healthy controls. Subjects and method The subjects consisted of 17 right handed
patients with VaD due to small-vessel disease (age(y): 69.5 + 8.5, MMSE: 18.6 + 4.5) (VaD
group) and 20 healthy volunteers (age(y): 62.9 £ 11.3, MMSE: 26.5 + 2.6) (control group).
The diagnosis of VaD due to small-vessel disease was made on the basis of the NINDS-
AIREN criteria 2) and a full clinical examination including history, neuropsychological tests,
neurological examination, and brain MRI. The SPECT was performed with 99mTc-
hexamethyl-propyleneamine oxime. The images were reconstructed without a correction for
tracer-washout. The SPM99 was employed for the analysis. In the SPM99, a threshold
masking value was set to be 0.6 for the control and VaD group. Results In the VaD group,
rCBF of right thalamus and left parietal cortex was significantly lower than that in normal
group (p < 0.05, uncorrected). Discussion Thalamus has a projection pathway to association
area of cerebral cortices responsible to higher cognitive functions.3) Left parietal cortex is
also one of such areas. The present results suggested a possibility that impairment of
cognition / higher neurological functions in patients with VaD due to small vessel disease is
partly caused by dysfunction of thalamus and parietal cortex. References 1) Yoshikawa T, et
al. J Nucl Med. 2003; 44(4): 505-11. 2) Roman GC, et al. Neurology 1993; 43(2): 250-60. 3)
Schmahmann JD, Stroke. 2003; 34(9): 2264-78.



167

NADPH OXIDASE-DERIVED FREE RADICALS MEDIATE NEUROVASCULAR DYSFUNCTION
IN MODELS OF ALZHEIMER'S DISEASE

Costantino ladecola', Laibaik Park', Josef Anrather', George Carlson?
'Division of Neurobiology, WCMC, New York, NY, ®MacLaughlin Research Instititute, Great Falls, MT, USA

Overproduction of the amyloid B (AR) peptide is a key factor in the pathogenesis of Alzheimer’s disease
(AD), but the mechanisms of its pathogenic effects have not been defined. Patients with AD have
cerebrovascular alterations attributable to the deleterious effects of AR on cerebral blood vessels.
Furthermore, mice overexpressing the amyloid precursor protein (APP) have marked alterations in the
cerebrovasodilation produced by neural activity (functional hyperemia). Experimental evidence suggests that
these cerebrovascular alterations are mediated by reactive oxygen species (ROS). However, the source of the
ROS mediating the dysfunction has not been defined. NADPH oxidase has recently emerged as a major
source of ROS at the vascular level. In this study we tested the hypothesis that NADPH-derived ROS
mediate the vascular dysfunction produced by AR. Methods: The increases in somatosensory cortex cerebral
blood flow (CBF) induced by stimulation of the facial whiskers were monitored in urethane-chloralose
anesthetized mice using laser-Doppler flowmetry. ROS production in the somatosensory cortex was
monitored by the hydroethidine technique. The cerebrovascular effects of AR were studied either by AR1-40
superfusion on the exposed neocortex, or in mice overexpressing APP (Tg2576). Results: The alterations in
functional hyperemia induced by AR (fig. A) were abrogated by the NADPH oxidase peptide inhibitor
gp9lds-tat (ds; fig. A), but not by its scrambled control (sds). CBF responses to adenosine were not affected
by AR (28+2%) or AR+ds (30+3; n=5; p>0.05). The ds peptide blocked ROS production (n=5/group).
Furthermore, the cerebrovascular dysfunction and ROS upregulation observed in wild-type mice (WT) did
not occur in double-transgenic mice overexpressing the amyloid precursor protein but lacking the critical
NADPH oxidase subunit gp91phox (Tg2576 gp910/0; fig. B). Conclusions: A gp91phox-containing NADPH
oxidase is the critical link between Al and cerebrovascular dysfunction, which may underlie the alteration in
cerebral blood flow regulation observed in AD patients.
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CEREBRAL VASCULAR EFFECTS OF ANGIOTENSIN II: NEW INSIGHTS FROM
GENETIC MODELS

Frank M. Faraci® %, Mary L. Modrick®, Kathryn G. Lamping"?, Curt D. Sigmund™?,
Sean P. Didion"

Internal Medicine, University of lowa, lowa City, 1A, USA
Pharmacology, University of lowa, lowa City, IA, USA
*Physiology, University of lowa, lowa City, IA, USA

Angiotensin Il (Ang 1) has been implicated as a major cause of oxidative stress and vascular
dysfunction in the peripheral circulation. Although chronic hypertension is a major risk factor
for cerebral vascular disease, stroke and vascular cognitive impairment, very little is known
regarding mechanisms of action of Ang Il or effects of chronic Ang Il-dependent
hypertension in the cerebral circulation. In initial studies, we tested the hypothesis that Ang Il
produces constriction of cerebral arteries that is mediated by activation of the AT1a receptors
and Rho kinase. Basilar arteries (baseline diameter ~130 um) from control (C57BL/6) mice
were isolated, cannulated and pressurized in order to measure vessel diameter. Ang Il
constricted arteries from male mice beginning at 0.01 nM with a maximum decrease in
diameter of 25+2% (meanzSE) at 1 nM Ang Il. In contrast, Ang Il had very modest effects in
arteries from female mice (-3+1% at 1 nM Ang I1). In male mice, vasoconstriction in response
to Ang Il was completely prevented by an inhibitor of Rho kinase (Y27632, 3 uM). In
contrast, constriction of the basilar artery to KCI was similar in males and females and was
not inhibited by Y27632. Vasoconstrictor responses to Ang Il were almost eliminated in male
mice deficient in expression of ATla receptors (ATla -/-). Recent pharmacological studies
suggest that intact Ang Il-mediated signaling is important in maintaining endothelial function
in cerebral arteries. We found that responses of the basilar artery to acetylcholine (ACh, an
endothelium-dependent agonist) were similar in ATla +/+ and ATla -/- mice. In a second
series of studies, we examined effects of Ang Il using a chronic model of hypertension, mice
which overexpress human renin (R+) and human angiotensinogen (A+). ACh produced
dilation of cerebral arteries in control mice that was eliminated by an inhibitor of nitric oxide
synthase. Responses to ACh were markedly impaired in R+A+ mice: 1 uM ACh dilated the
arteries by 41+6 vs 9+5%, (P<0.01) in control and R+A+ mice, respectively. A23187 (0.1
pM, another endothelium-dependent agonist), produced vasodilation in control mice (35+7%)
but vasocontriction in R+A+ mice (-8+5%). Impaired responses to ACh in R+A+ mice were
restored to normal by the superoxide scavenger PEG-superoxide dismutase. In contrast,
dilation of the basilar artery in response to a NO donor (NONOate) was similar in R+A+ mice
and controls (P>0.05). Thus, Ang Il is a potent constrictor of cerebral arteries and this effect
is mediated by AT1a receptors and activation of Rho kinase. There are marked, but selective,
gender differences in cerebral vascular responses to Ang Il. Our findings provide direct
evidence that endothelial function is not affected by deletion of ATla receptors. Finally,
endothelial function is greatly impaired in mice made chronically hypertensive by expression
of renin and angiotensinogen. The mechanism of this impairment involves increased
oxidative stress.
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REVERSAL OF FULLY DEVELOPED CEREBROVASCULAR DYSFUNCTIONS IN
TWO TRANSGENIC MOUSE MODELS OF ALZHEIMER'S DISEASE

Nektaria Nicolakakis, Xin-Kang Tong, Edith Hamel

Lab. of Cerebrovascular Research, Montreal Neurological Institute, McGill University,
Montréal, Canada

Introduction: Recent studies suggest that cerebrovascular dysfunctions occur early in
Alzheimer's disease (AD), as reflected primarily by regional decreases in cerebral perfusion
that, often, precede the neurological deficits (Iadecola 2004, Nat Rev Neurosci 5: 347).
Oxidative stress induced by amyloid beta (AP) and cerebrovascular fibrosis associated with
increased levels of the transforming growth factor-beta 1 (TGF-B1) have been proposed to
underlie these dysfunctions. In the present study, we attempted to reverse cerebrovascular
alterations in vivo in order to better understand their underlying mechanisms. Methods:
Transgenic mice overexpressing mutated forms of the amyloid precursor protein (APP mice)
or TGF-Bl (TGF mice) were treated when cerebrovascular dysfunctions were fully
developed, together with their respective wild-type littermates. Mice (n=3-6/group) received
the antioxidant Tempol (1ImM in drinking water, 6 weeks) or N-acetyl-L-cysteine (NAC;
100mg/kg/day i.p., 4 weeks), or pioglitazone (Actos, 20mg/kg/day in chow, 6 weeks) which
exhibits anti-inflammatory, -oxidant and -angiogenic properties. The ability of isolated and
pressurized middle cerebral artery (MCA) segments to dilate to calcitonin gene-related
peptide (CGRP) and/or constrict in response to nitric oxide synthase (NOS) inhibition (10uM
L-NNA) was determined by in vitro videomicroscopy. Changes in cortical and hippocampal
microvessels were evaluated by immunocytochemical staining of the oxidative stress marker
manganese superoxide dismutase (MnSOD) or structural components of the blood vessel
wall. Results: APP and TGF mice exhibited impaired dilatations to CGRP (|56% and 69%,
respectively, p<0.05) and constrictions to NOS inhibition (|54% and 53%, respectively,
p<0.05). Tempol and NAC fully restored cerebrovascular responsiveness in APP mice. In
contrast, Tempol had no beneficial effects in TGF mice and NAC only normalized the NO-
mediated response, but not the CGRP-mediated dilatation, indicating that increased TGF-1
levels differentially affect these two pathways. Interestingly, pioglitazone fully restored
cerebrovascular functions in both mouse models. Preliminary immunocytochemical data
suggest that Tempol and NAC normalize the perivascular MnSOD upregulation selectively
observed in APP mice. Conclusion: These results show that the apparently similar
cerebrovascular dysfunctions in APP and TGF mice are mediated by different pathogenic
mechanisms. They also show that perivascular oxidative stress-mediated deficits in APP mice
can be fully reversed even at an advanced stage of the pathology. In contrast, other pathogenic
factors are involved in TGF mice as antioxidants could not fully restore cerebrovascular
functions. The efficacy of pioglitazone warrants additional work so that we may elucidate the
molecular and cellular mechanisms leading to recovery from AP and TGF-B1 pathologies,
both present in AD. This may offer a means to re-establish brain hemodynamics in AD
patients with cerebrovascular deficits. Supported by CIHR (MOP-64194 (EH), studentship
(NN)) and Alzheimer Society of Canada.
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THE USE OF OPS IMAGING TO DETECT MICROVASCULAR DISTURBANCES IN
CEREBRAL ISCHEMIA

Frits A. Pennings', Can Ince?, Gerrit J. Bouma®

'Department of Neurosurgery, Academic Medical Center, Amsterdam, The Netherlands
Department of Physiology, Academic Medical Center, Amsterdam, The Netherlands

Introduction Microcirculatory function of the brain is essential for providing adequate oxygen
to the tissue cells. In neurovascular diseases disturbances of the cerebral microcirculation
possibly plays a role in the development of cerebral ischemia. Until recently, the in-vivo
observation and quantitative functional assessment of the human cerebral microcirculation
were limited by the absence of appropriate investigational techniques. This limitation have
been overcome with the introduction of orthogonal polarization spectral (OPS) imaging. We
used OPS imaging on the brain cortex during aneurysm surgery and resection of an arterio-
venous malformation (AVM) to directly observe the small cortical blood vessels and quantify
the contractile properties and changes in microvascular flow (MFI) and functional capillary
density (FCD). Method In 22 patients undergoing aneurysm surgery the diameter changes of
small cortical vessels (15 - 180 um) were observed using OPS imaging. Fifteen patients were
operated early (within 48 hours after bleeding) and 7 underwent late surgery. Immediately
after dura opening, the response to hyperventilation (n=16) and papaverin (n=6) of arterioles
and venules was observed with OPS imaging under sevoflurane anesthesia. Furthermore,
images of the cerebral microcirculation were obtained in two patients undergoing
microsurgical removal of an AVM. Eight patients undergoing craniotomy for a disease not
affecting the cortical microcirculation served as controls. Results In the presence of
subarachnoid blood a severe disturbed reaction of the microvessels was observed. More
specifically, hyperventilation resulted in a 39 + 15% (p<0.05) decrease in arteriolar diameter
with a “bead string” constriction pattern occurring in 60% of patients (figure 1a and 1b). The
topical application of papaverin resulted in an increase in arteriolar diameter of > 50%. These
reactions were not seen in the absence of subarachnoid blood (late surgical patients and
controls). In the cerebral cortex surrounding an AVM, MFI and the FCD were decreased to 2
(moderate flow) respectively 1.4 + 1.3 cm/ mm2, After AVM excision a substantial increase in
MFI to 4 (high flow) was seen accompanied by an increase in FCD to 2.1 + 0.8 cm/ mm?.
Conclusions OPS imaging allows direct in vivo observation and quantitative functional
assessment of the cerebral microcirculation. Thus, microvascular reactivity and hemodynamic
changes in the human brain at the microcirculatory level can be readily assessed and
correlated with metabolic and clinical parameters. This new tool may contribute to a better
understanding of the pathophysiology of cerebral ischemia.
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CHEMICAL OR ELECTRICAL STIMULATION OF BASAL FOREBRAIN NEURONS
ACTIVATES SPECIFIC SUBSETS OF CORTICAL GABA-INTERNEURONS IN
PARALLEL WITH INCREASES IN CORTICAL CEREBRAL BLOOD FLOW

Ara Kocharyan', Priscilla Fernandes®, Nella Serluca®, Elvire Vaucher?, Edith Hamel*

'Montreal Neurological Institute, McGill University, Laboratory of Cerebrovascular
) Research, Montréal, QC, Canada
?Ecole d'Optométrie de L'Université de Montreal, Montréal, QC, Canada

Introduction: Basal forebrain (BF) neurons project to cortical microvessels and GABA-
interneurons and, upon stimulation, induce increases in cortical cerebral blood flow (CBF).
The identity of the different subsets of GABA-interneurons activated by BF stimulation under
conditions of increased cortical CBF was determined by double-immunocytochemistry of c-
Fos (a marker of cell activation) and peptides (somatostatin (SOM), neuropeptide Y (NPY),
vasoactive intestinal polypeptide (VIP)) or enzymes (nitric oxide synthase (NOS), choline
acetyltransferase (ChAT)) co-localized with glutamate decarboxylase (GAD67) in GABA
interneurons. Methods: Cortical CBF was measured bilaterally using Laser Doppler
flowmetry during and 20 min after a unilateral BF stimulation. This was achieved by BF
microinjection of sodium glutamate (NaGlut, 100nmol/100nl over 1min), NMDA
(5nmol/100nl over 1min), or saline (control, 100nl over 1 min), or by electrical stimulation
(100Hz 1sec, 50 pA, on/lsec off, 5 min) in Sprague Dawley rats (3-4/group) previously
implanted in the right BF (4-6 days earlier) with guide cannula or stimulating electrode.
Activated cells (c-Fos-positive) were identified in different cortical areas or layers in brains
fixed 60 min after the end of the stimulation. Results: NaGlut, NMDA and electrical BF
stimulations elicited ipsilateral cortical CBF increases (p<0.05, t-test) corresponding to 62.6,
65.4 and 96.1% from baseline, respectively. All paradigms of BF stimulation elicited similar
patterns of interneurons activation, although the extent of activation differed between them.
Overall, BF stimulation induced a significant increase in the number of NPY, SOM and
GADG67 interneurons immunolabelled for c-Fos in the ipsilateral as compared to the
contralateral parietal cortex, without activation of VIP, NOS or ChAT interneurons. A larger
proportion of NPY, SOM and GADG67 activated neurons (26.9, 51.6, 42.4%, respectively,
p<0.001) was obtained with NMDA (Figure), while electrical stimulation resulted in
activation of a smaller proportion of these same interneurons (10.5, 10.9, 6.6%, p<0.05). All
c-Fos-positive neurons in layer I of the rat cerebral cortex co-stained only for GAD67, and
these were activated in the ipsilateral parietal cortex after NMDA, NaGlut and electrical BF
stimulation (40, 26 and 8.6%, respectively, p<0.001). Saline injection had no effect on either
CBF or c-Fos. Conclusions: These results show that increased cortical perfusion following BF
stimulation is accompanied by activation of GABA interneurons and, specifically, those
containing SOM and/or NPY, two peptides with vasocontractile properties. We suggest that
these subsets of GABA interneurons might regulate cortical perfusion, possibly by limiting
the extent of the vasodilatation induced by cortical release of acetylcholine and nitric oxide
from activated basalocortical fibres. Supported by CIHR grant (MOP-53334, EH).
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ROLE OF ASTROCYTES AND GAP JUNCTIONS IN SEIZURE-INDUCED PIAL
ARTERIOLAR DILATIONS IN RATS

Hao-Liang Xu, Dale A. Pelligrino

Neuroanesthesia Research, University of Illinois at Chicago, Chicago, IL, USA

Cerebral arterioles and astrocytes are physically and physiologically linked to one another.
Indeed, astrocyte-related factors appear to make a significant contribution to the local
regulation of CBF. For example, in recent studies we reported that topical application of L-
alpha-aminoadipic acid (L-AAA), an astroglial toxin which selectively damaged the glia
limitans (without affecting vascular smooth muscle, endothelium, or neurons), was associated
with a reduced pial arteriolar reactivity to selected vasodilating stimuli (e.g., hypercapnia and
ADP; but not acetylcholine or NO). In the present study, we examined whether the pial
arteriolar dilation accompanying seizure (topical bicuculline [BC]) was influenced by L-
AAA-induced glial injury. In addition, we tested whether gap junctions influence the vascular
response. These experiments employed topical applications of the gap junction inhibitory
peptide, gap 27. To ensure that changes in the vasodilatory magnitude were not related to
reduced brain activity, the local EEG activity (total EEG power) was monitored. We used
anesthetized rats, with closed cranial windows inserted 24h prior to study. L-AAA (or aCSF,
300 ul each) was introduced into the periarachnoid space immediately after window
placement. BC (100 uM) was suffused over 15 min and pial arteriolar diameters measured
every minute. Arteriolar responses in L-AAA- and aCSF-treated rats were compared. To
assess gap junction contributions, the rats were exposed to two BC exposures (separated by
2h). Gap 27 was topically applied for 1h prior to the 2nd evaluation. In controls, the gap 27
was omitted. No differences in the magnitude of the EEG power increase were observed when
comparing L-AAA or gap 27-treated rats to their controls. The arteriolar responses are
summarized in the figure. The 20-25% increase in diameter that is normally seen during
seizure was completely lost in L-AAA-treated rats. Topical blockade of gap junctions was
associated with a 50% reduction in pial arteriolar dilation. These results indicate that
astrocytes, and, to a lesser extent, gap junctions, contribute greatly to the cerebrovasodilation
accompanying seizure.
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INTERACTION OF ADENOSINE AND CYTOCHROME P450 EPOXYGENASE
PATHWAYS IN NEUROVASCULAR COUPLING DURING WHISKER
STIMULATION

Yanrong Shi*, John R. Falck?, David R. Harder®, Raymond C. Koehler®

'Department of Anesthesiology, Johns Hopkins University, Baltimore, MD, USA
’Department of Biochemistry, University of Texas Southwestern Medical Center,
Dallas, TX, USA
3cardiovascular Research Center, Medical College of Wisconsin, Milwaukee, WI, USA

Introduction: Adenosine has been implicated in mediating functional hyperemia, but the role
of specific adenosine receptors is unknown. Cerebrovascular effects of exogenous adenosine
are largely mediated by adenosine A2A and A2B receptors (1, 2). In addition, A2A and A2B
receptor activation can increase Ca in astrocytes, which may mobilize arachidonic acid.
Epoxyeicosatrienoic acid (EETs) are synthesized from arachidonic acid in astrocytes by
cytochrome P450 epoxygenase and open KCa channels on cerebrovascular smooth muscle,
leading to dilation. Epoxygenase inhibitors MS-PPOH and miconazole reduce functional
hyperemia (3). Presently, the epoxygenase pathway was further investigated with the recently
described EETSs antagonists 14,15-EEZE and its methylsulfonylimide derivative 14,15-EEZE-
mSl (4). The potential interaction of the adenosine and EETs pathways were investigated by
combining treatments of 14,15-EEZE or MS-PPOH with the adenosine A2A receptor
antagonist ZM241385 or the A2B antagonist alloxazine to determine if there was an additive
inhibitory effect on the blood flow response to whisker stimulation. Methods: The percent
change in laser-Doppler flow (LDF) over whisker barrel cortex during 60 s whisker
stimulation was measured in chloralose-anesthetized rats at baseline, at 1 h of cortical
superfusion of a single antagonist, and after an additional hour of either single or combination
antagonist superfusion. Responses were compared within groups by repeated measures
ANOVA and paired t-test. Results: ZM241385 (1 mg/kg iv + 1 uM CSF superfusion) had no
effect on the increase in LDF during whisker stimulation (from 17+4% to 16+5% at 1h and
17+5% at 2h; £SD; n=6). In contrast, alloxazine (1 mg/kg iv + 1 uM superfusion; n=6)
reduced the LDF response from 17+4% to 10+4% at 1h and to 12+4% at 2h of superfusion.
Superfusion of 14,15-EEZE (n=6) reduced the LDF response from 14+4% to 7+3% at 1 h and
to 5+2% at 2h. Similar reductions were obtained with 30 uM 14,15-EEZE-sMI and 20 uM
MS-PPOH. In another group (n=8) in which alloxazine was found to reduce the response
from 15+£2% to 9+3%, subsequent superfusion of both alloxazine and 14,15-EEZE failed to
significantly reduce the LDF response further (8+5%). Likewise, addition of alloxazine with
MS-PPOH failed to reduce the response further (9+3%) compared to MS-PPOH alone
(11+4%; n=6). 14,15-EEZE still reduced the response (8+4%) in the presence of ZM241385
compared to ZM241385 alone (13+3%; n=6). Conclusions: We conclude 1) that adenosine
A2B receptors, rather than A2A receptors, play a significant role in coupling cortical blood
flow to neuronal activity, 2) that the role of EETs previously supported by the use of
epoxygenase inhibitors is strengthened by new evidence with EETs antagonists, and 3) that
the epoxygenase and adenosine A2B receptor signaling pathways are not functionally
additive. References: 1. Ngai et al. (2001) Am J Physiol Heart Circ Physiol 280: H2329-
H2335. 2. Shin et al. (2000) Am J Physiol Heart Circ Physiol 278: H339-H344. 3. Peng et al.
(2002) Am J Physiol Heart Circ Physiol 283: H2029-H2037. 4. Gauthier et al. (2004)
Pharmacol Res 49: 515-524. Supported by NIH grant HL59996
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FLOW-INDUCED CEREBRAL VASODILATATION INVOLVES ACTIVATION OF
P13-KINASE AND PRODUCTION OF REACTIVE OXYGEN SPECIES

Christopher G. Sobey", Grant R. Drummond?, Tamara M. Paravicini'

'Department of Pharmacology, University of Melbourne, Parkville, Australia
“Department of Pharmacology, Monash University, Clayton, Australia

Reactive oxygen species (ROS) such as superoxide and hydrogen peroxide are known to be
cerebral vasodilators. A major source of ROS in the vasculature is the flavin-containing
enzyme NADPH-oxidase. We have previously demonstrated that activation of NADPH-
oxidase leads to dilatation of the basilar artery in vivo, via a mechanism involving production
of hydrogen peroxide from superoxide dismutase. The endogenous stimuli for this unique
vasodilator mechanism are yet to be characterised, however shear stress is known to activate
phosphatidylinositol 3-kinase (PI13-K) and NADPH-oxidase in cultured cells. This study
investigated whether increased intraluminal blood flow could induce cerebral vasodilatation
via the activation of PI3-K and/or NADPH-oxidase. A cranial window preparation in
anaesthetised rats was used to examine vasomotor responses of the basilar artery in the
absence and presence of inhibitors of ROS production and breakdown. Bilateral occlusion of
the common carotid arteries to increase basilar artery flow resulted in reproducible dilatations
of this vessel (77+2% of maximum, n=39) that were rapidly reversed when normal flow was
restored. Flow-dependent dilatation was profoundly inhibited following treatment with the
P13-K inhibitor wortmannin (1uM). Treatment of the basilar artery with the NADPH-oxidase
inhibitor diphenyleneiodonium at 0.5 and 5uM also caused a significant reduction in flow-
dependent dilatation (54+9% and 37+7 % of maximum) without affecting nitric oxide-
mediated dilatations to acetylcholine. Treatment with the hydrogen peroxide scavenger
catalase also reduced flow-dependent dilatation from 79+7% to 55+7%, indicating a role for
NADPH-oxidase-derived hydrogen peroxide in this response. The nitric oxide synthase
(NOS) inhibitor L-NAME caused a small reduction (from 83+8% to 57+6%) in flow-
dependent dilatation. Furthermore, combined treatment with a ROS inhibitor
(diphenyleneiodonium or catalase) and L-NAME caused a greater reduction in flow-
dependent dilatation than seen with inhibition of either pathway alone. Thus, flow-dependent
cerebral vasodilatation in vivo involves production of both ROS and nitric oxide, and is
dependent on PI13-K activation.
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IS THE VASCULAR TREK-1 POTENTIALLY INVOLVED IN PUFAS-INDUCED
NEURONAL

Nicolas Blondeau', Giséle Jarretou®, Pierre Gounon?, Valérie Giordanengo',
Michel Lazdunski', Catherine Heurteaux®

YInstitut de Pharmacologie Moléculaire et Cellulaire, CNRS-UMR 6097, Valbonne, France
“Université de Nice Sophia-Antipolis, INSERM U627, Nice, France

Introduction: Fatty acids are critical for the development and function of all organisms, in
particular, very long chain of polyunsaturated fatty acids, such as alpha-linolenic acid (ALA)
are necessary for the health and maintenance of mammals. ALA is a potent activator of some
background 2P-domain K+ channels, TREK and TRAAK, involved in the regulation of cell
excitability. We have shown that (1) ALA is a powerful neuroprotector in acute cerebral
ischemia and is a preconditioning inductor of delayed tolerance to cerebral ischemia; (2)
TREK-1-KO mice are more sensitive to cerebral ischemia and not protected by ALA.
Altogether this indicates that TREK-1 is a crucial mediator of the neuronal protection.
Although there is some evidence that TREK-1 is expressed in neurons as well as in some
vessels, little is know on the role of the vascular TREK-1 in the resistance to ischemia. We
have therefore analyzed the brain vessel distribution of TREK-1 mRNA using RT-PCR, in
situ hybridization and electron microscopy, as well as TREK-1 protein localization by
immunohistochemistry. Moreover, we are investigating the role of this channel in association
with cerebral blood flow and ALA-induced acute cerebral protection. Methods: RT-PCR was
performed on different mouse and rat vessel mMRNAs and visualized on 2% agarose gel. For in
situ hybridization, the oligonucleotide probe (CAC AAT GGT CCT CTG GGA AAT CTC
CTG AGG) was DIG-dUTP labelled. TREK-1 mRNA was detected with a Fluorescein-
conjugated anti-DIG antibody. For electron microscopy, probes were immunogold-labeled
with an anti-DIG antibody and silver enhanced. Ultrathin sections were examined using a
JEOL 6700F field emission scanning electron microscope. For immunostaining, small fixed
arteries were detected with an anti-TREK-1 primary antibody (Alomone) and observed using
an epifluorescence microscope. Monoclonal mouse anti-CD31 antibody and Hoechst, a blue-
fluorescent nuclei acid stain, were used to determine which cell type expresses TREK-1. To
assess the effect of a neuroprotective dose of ALA on the CBF, we monitored it using a laser-
Doppler in WT and TREK-1-KO animals within the protection window described for a single
dose of 500nM ALA. Results: This study shows that TREK-1channel is present throughout
all the mouse vessels and more abundant in brain arteries. In situ techniques using
epifluorescence and electron microscope combined with immunohistochemistry provide
compelling evidence for the expression of these channels throughout the vessels in both
myocytes and endothelial cell layers. CBF-monitoring shows that an injection of ALA
increased the CBF in rats as well as in WT mice. Further experiments on TREK-1 KO should
establish if TREK-1 account for the vasodilatation and CBF increase induced by ALA.
Conclusion: These results provide evidence for the presence of two-pore domain K+
channels, TREK-1 in rat and mice brain arteries, in both myocytes and endothelial cells and
for a modulation of the LIN-induced CBF at a dose known to be neuroprotective.
Collectively, they strongly suggest that activation of vascular TREK-1channels by ALA is
most likely to participate to the brain protection observed versus ischemia, in association with
the neuronal activation of this channel.
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SPATIAL AND TEMPORAL HETEROGENEITY OF SINGLE CAPILLARY PLASMA
FLOW AND RBC TRACKING IN THE RAT CEREBRAL CORTEX

Minoru Tomita, Istvan Schiszler, Hidetaka Takeda, Yutaka Tomita, Takashi Osada, Miyuki
Unekawa, Norio Tanahashi, Norihiro Suzuki

Department of Neurology, School of Medicine, Keio University, Tokyo, Japan

We present a new high-speed (125-500 frames per sec) confocal fluorescence microscopy and
image analysis system employing Matlab and our own KEIO-IS1 and KEIO-IS2 software to
visualize plasma flow and RBC tracking in single capillaries in the living rat cerebral cortex.
Wistar rats with a cranial window were given fluorescein isothiocyanate (FITC)-dextran and
FITC-labeled red blood cells (RBC) intravenously as a bolus to visualize single capillaries
and RBC in the capillaries (Seylaz et al., JCBFM 19:863,1999). FITC-Dextran was also used
to measure local plasma flow changes along single capillaries by applying the hemodilution
principle in individual pixels. Reciprocal mean transit times calculated with KEIO-1S1 were
displayed on a 2-D flow map as reported previously (Am J Physiol 279, H1291, 2000). After
the microvessels were vitally stained, FITC-RBCs were injected. The bright RBCs were
observable flowing through single capillaries over a dark background. A video clip at a speed
of 250-500 frames per sec was taken for a 10 sec interval, and analyzed with KEIO-IS2 to
document tracking of all RBCs, which were individually numbered, and to calculate
automatically individual RBC velocities on a spreadsheet (Excel). The software further
created a map of neighboring trains of peaks due to RBC passage in all pixels. Fig. 1 shows a
microphotograph taken with a digital camera of intraparenchymal microvessels, including
capillaries, which are vitally stained with FITC-dextran. Fig. 2 shows the microvascular
network in situ, constructed by connecting pixels showing passage of RBC spike trains along
the time axis, using KEIO-IS1 (correlation coefficient, 0.8). Fig. 3 presents total RBCs (small
dots) tracked at a depth of 60 m below the pia by the video at 250 frames per sec for 10 sec.
RBCs are automatically numbered (KEIO-1S2) and their velocities are calculated and
expressed on a 2-D velocity map (Fig. 4). Heterogeneous optical density implies variation in
RBC velocity even in straight capillaries. Single, double, and multiple tracking of RBCs can
be seen, suggesting independent periodic passage of RBCs. Some capillaries show a swinging
movement due probably to vasomotion occurring within 10 sec. Preliminary data based on 26
rats show spatial and temporal heterogeneity of plasma flow along single capillaries and its
change with time, together with capillary vasomotion seen as local winding and translocation.
RBC tracking was not parallel to the plasma flow. The plasma flow was present (slow or fast)
continuously, while RBC passage was periodic (RBC recruitment). The possible regulation of
RBC flow in response to neuronal activity remains to be studied.
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A COMPACT PHYSIOLOGICAL MODEL OF THE AUTOREGULATION OF
CEREBRAL BLOOD VESSELS

Alexander B. Rowley*, Christopher J. Stephens?, Stephen J. Payne?

'Computational Biology Research Group, Oxford University Computing Laboratory, Oxford,
UK

’Biomedical Signal Processing Research Group, Department of Engineering Science, Oxford,
UK

[Introduction] Current mathematical models of the processes known as cerebral
autoregulation consist of a lumped parameter approximation to the cerebral vasculature with
autoregulation being represented as a simple feedback mechanism, based on changes in flow.
A realistic physiologically-based model of cerebral autoregulation, however, would allow for
quantitative interpretation of a number of existing clinical tests. We present here a compact
model of blood vessels that includes the main chemical feedback pathways and integrates
them with the mechanical behaviour of the vascular smooth muscle to simulate the myogenic
autoregulatory response. This model is comparable in size to current feedback models but
developed with reference to the underlying physiology. [Method] The primary feedback
mechanisms are based upon the production of the endothelium-derived relaxing factor Nitric
Oxide (NO) in response to shear stress and variations in intracellular calcium (Ca2+i) due to
pressure. A simple model of the vascular smooth muscle cell membrane relates the potential,
Ca2+i and pressure, based on stretch-sensitive channels, in which NO and Ca2+i are
signalling pathways activating and inactivating the vascular smooth muscle respectively. The
smooth muscle behaviour is determined by a simple mechanical model, using the Hai-Murphy
kinetic model to describe myosin phosphorylation and latch bridge formation. Mechanical
equilibrium is then used to balance pressure and stress, allowing the inner area of the vessel to
be set in response to changes in pressure. This compact system of only 7 non-linear ordinary
differential equations allows the autoregulatory behaviour of the vessel to be determined, both
in steady state and under dynamic conditions in response to changes in Arterial Blood
Pressure (ABP). The compactness of the model allows the system equations to be solved very
rapidly. The number of coefficients within the model is small, allowing the behaviour of the
model to be analysed simply. The autoregulation model can also be incorporated into a
lumped parameter model of the cerebral vasculature to simulate the response of Cerebral
Blood Flow in response to changes in ABP. [Results] Steady state solutions of the model
equations show good agreement with results obtained from in vitro tests on rat cerebral
arteries: a key advantage of this model is that the available measured parameters (in particular
Ca2+i and membrane potential) are predicted by this model. The model response when
coupled to an existing lumped parameter approximation to the human cerebral vasculature
casts doubt upon the accuracy of the response predicted by existing models. It is hoped that
the insights into cerebral autoregulation provided by this new model will allow the work to be
extended to consider integrating autoregulating vessels within a geometrically accurate model
of the cerebral vasculature, in a similar way to those already proposed for the heart. This
would allow for simulations of the fMRI response, which can show how consumption by
neuronal cells changes the local flow distribution. It is hoped that this may provide greater
insight into the origin of the BOLD response in fMRI studies and predict how this is altered in
diseased cases such as stroke and dementia.
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IMPLICATION OF NOCICEPTIN IN ALTERATIONS IN CEREBRAL BLOOD
FLOW REGULATION FOLLOWING POSTNATAL EXPOSURE TO ETHANOL IN
RATS

Won Suk Lee, Su Yeon Ko, Jeong Hee Kim, Dong Hwan Cho

Department of Pharmacology, College of Medicine, Pusan National University, Busan,
South Korea

This study aimed to investigate whether nociceptin is implicated in the alterations in cerebral
blood flow regulation following postnatal exposure to ethanol in Sprague-Dawley rats.
Animals received ethanol (2.5 g/kg, s.c.) twice a day, 2 hours apart, on postnatal 6, 7 and 8
days. The changes in regional cerebral blood flow (rCBF) in response to the changes in mean
arterial blood pressure were determined at 4-, 8-, and 12-weeks of age by laser-Doppler
flowmetry. Hypotension was induced by the gradual withdrawal of blood from arterial
catheter, and the reversal of blood pressure was produced by the reinfusion of blood.
Expression of nociceptin-like immunoreactivity was determined in dura mater and cerebral
cortex using immunohistochemistry. Postnatal exposure to ethanol almost abolished the
autoregulation of rCBF in all age groups. Pretreatment with nociceptin (0.138 ug/kg, i.p.) but
not with [Nphel]nociceptin(1-13)NH2 (1.38 pg/kg, i.p.), a selective competitive nociceptin
receptor antagonist, 5 minutes prior to ethanol administration preserved the autoregulation of
rCBF in all age groups. Postnatal exposure to ethanol markedly increased the expression of
nociceptin-like immunoreactivity in dura mater, which was significantly inhibited by
pretreatment with 7-nitroindazole monosodium salt (7-NINA, 50 mg/kg, i.p.) as well as
aminoguanidine (1 mg/kg, i.p.) 5 minutes prior to ethanol administration in all age groups.
Postnatal exposure to ethanol markedly increased the expression of nociceptin-like
immunoreactivity in cerebral cortex, which was significantly inhibited by pretreatment with
7-NINA as well as aminoguanidine 5 minutes prior to ethanol administration in all age
groups. The values of arterial blood gas analysis were not significantly different from the
basal levels in all groups. These results suggest that nociceptin is deeply implicated in the
compensatory mechanisms for the nitric oxide-dependent alterations in CBF autoregulation
following postnatal exposure to ethanol.
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PERTURBATION OF INTRAPARENCHYMAL ARTERIOLES DURING K+-
INDUCED CORTICAL SPREADING DEPRESSION IN CATS

Takashi Osada', Minotu Tomita', Norio Tanahashi', Hidetaka Takeda', Masahiro Kobari?,
Manabu Ohtomo’, Norihiro Suzuki'

'Department of Neurology, School of Medicine, Keio University, Keio, Japan
’Kyosai Tachikawa Hospital, Tokyo, Japan
®National Sanatorium Higashi Saitama Hospital, Saitama, Japan

During K+-induced cortical spreading depression (CSD) in the rat cerebral cortex, we
previously observed repetitive wave-ring spread of oligemia/hypoperfusion followed by
hyperemia/hyperperfusion. The oligemia/hypoperfusion occurred before upstream feeding
arteriolar changes, suggesting that the capillary changes of the oligemia/hypoperfusion was of
neuronal origin (Tomita M et al (2005) J CBF & M, in press). In this communication, we
examined intraparenchymal arteriolar changes in the early phase of tissue oligemia. Six cats
were used. Under a-chloralose-urethan anesthesia, a skull window was opened in the parieto-
temporal region. The dura was removed and the cerebral cortex was exposed. An optical fiber
of 150 um in diameter was inserted into the brain tissue obliquely from 3 mm behind the skull
window, so that the light source was positioned at the center of the ROI 1 mm below the pia.
Intraparenchymal 20-40 um arterioles were both trans-illuminated in silhouette from below
and epi-illuminated from above. They were monitored with a Canon video camera, and
images were taken into a computer through a Scion frame grabber card (LG-3). When K+ was
microinjected into the cortex at a site near the ROI, oligemic wave-ring spread was
reproduced as reported previously (Tomita Y et al (2002) Neurosci Lett:322,157). We found
that capillary flow in the oligemic area became very slow, with clustered RBCs passing
through small vessels like ants marching. During oligemia/hypoperfusion, we noticed in all
cases segmental constriction/dilatation of arteriole(s), forming a sausage-string shape (Fig. 1
and Fig. 2a) which had never been seen in other series of experiments. Chronological changes
of arteriolar diameter were seen; for example, in 2 cases, a part of the arteriole suddenly
contracted by 50% for about 1 to 1.5 sec and then dilated to 250% at 10 sec and remained
dilated for more than 1 min (Fig. 2b). In the remaining cases, the time courses of
constriction/dilatation of arteriole(s) were rather slow. In one case, the vascular dilatation
occurred at a branching site and moved peripherally along the arteriole, like the movement of
an egg swallowed by a snake. Despite these events, subtraction pictures revealed that the
majority of the epi-cortical pial arteries did not change their diameter in this early phase.
Based on these observations, we speculate that arterioles were perturbed by discrepant
controls of high K+ concentration in the extracellular fluid, unknown feedback signals from
oligemic tissue, and autonomic ganglionic regulation. Fig. 1: Sausage-string-like change of an
intraparenchymal arteriole of ca. 25 pm during K+-induced CSD. Fig. 2a: Sausage-string-like
change of ca. 50 um followed by marked dilatation (Fig. 2b).
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STELLATE CELLS RELEASE NO AND INDUCE VASODILATION OF
INTRAPARENCHYMAL BLOOD VESSELS IN RAT CEREBELLAR SLICES

Armelle Rancillac!, Manon Guille?, Xin-Kang Tong®, Héléne Geoffroy®, Stéphane Arbault?,
Edith Hamel®, Christian Amatore?, Jean Rossier®, Bruno Cauli

!Lab de Neurobiologie, CNRS, UMR 7637, ESCPI, Paris, France
?Lab D’Activation Moléculaire et Réactivités Electrochimiques, CNRS, UMR 8640, ENS,
Paris, France
3Lab Cerebrovascular Res, Montreal Neurol Inst, McGill University, Montréal, QC, Canada

Introduction: The tight coupling between neuronal activity and local perfusion, known as
functional hyperemia, is central to normal brain function. In the cerebellum functional
hyperemia depends almost exclusively on nitric oxide (NO), a potent vasodilator. The
neuronal isoform of nitric oxide synthase (nNOS), a NO synthesizing enzyme, is expressed by
different neuronal types in the cerebellum, among which stellate cells are suspected to be
critical for neurovascular coupling. Methods: To demonstrate this functional role, we applied
the NO donor diethylamine NONOate (DEA-NONOate) in rat cerebellar acute slices. NO was
detected by amperometry with a platinized carbon NO probe (poised at E = 650 mV vs
Ag/AgCI) placed in the molecular layer. Cerebellar microvessel diameter changes were
monitored by infrared videomicroscopy. Stellate cells characterization was achieved by patch-
clamp recordings and single-cell reverse transcriptase-multiplex PCR (RT-mPCR), and their
associations with responsive microvessels identified by confocal microscopy following
biocytin labeling and immunodetection of blood vessel laminin. Results: Bath application of
DEA-NONOate (100 uM) produced NO flux (84.8 107 molecules/s) and vasodilation (86 %)
of intraparenchymal blood vessels. Similarly, neuronal stimulation with NMDA (100 pM)
induced NO flux (99.8 106 molecules/s) and microvessel vasodilatations (42 %) that were
completely abolished by TTX (1 uM) or by L-NAME (1 mM), a NOS inhibitor. In patch
clamp recordings the evoked firing of single stellate cells also induced NO flux (22.5 106
molecules/s) and dilatation (10 %) of neighboring intraparenchymal microvessels. Molecular
and morphological characterization of stimulated stellate cells by single cell RT-PCR and
confocal microcopy revealed the expression nNOS mRNAs and the association of stellate cell
neurites with responsive blood vessels. Conclusions: These ex vivo results confirm a
functional role of stellate cells in neurovascular coupling mediated by NO release. Further,
these data demonstrate that single interneurons activation is sufficient to alter the tone of local
microvessels, emphasizing their role in the regulation of local perfusion. Supported by CNRS
(JR, BC, AR), CIHR (MOP-53334, EH), and FRSQ-INSERM exchange program (EH and
BC).
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LOCAL OXYGEN DELIVERY EVOKED BY HINDPAW STIMULATION IS THE
SAME BEFORE AND AFTER ISOVOLEMIC HEMODILUTION IN RAT
SOMATOSENSORY CORTEX

Masakatsu Ureshi, lwao Kanno

Akita Research Institute for Brain and Blood Vessels, Department of Radiology and Nuclear
Medicine, Akita, Japan

Introduction: Isovolemic hemodilution causes decreased blood viscosity and arterial oxygen
content (Ca0O2). It is also known that isovolemic hemodilution increases the baseline local
cerebral blood flow (LCBF) and this phenomenon has been interpreted as maintaining the
baseline oxygen delivery. However, the changes in evoked local oxygen delivery with
stimulation have not been reported during isovolemic hemodilution. The aim of the present
study is to investigate this relationship. Methods: Twenty Sprague-Dawley rats (12 for LCBF
and 8 for field potential) were used in this study. The tail artery and femoral vein were
cannulated for blood pressure monitoring, blood gas sampling and drug injection. Rats were
anesthetized with a—chloralose during the experiments and were fixed in a stereotactic frame.
The parietal bone was thinned to translucency over the left somatosensory cortex. The cortex
was activated by electrical stimulation of the hind paw with 5 Hz pulses (0.1 ms width)
applied at a current of 2.0 mA for 5 s. LCBF was measured using Laser-Doppler flowmetry.
To confirm that the neurological activity was unchanged, the field potential was recorded
with a tungsten microelectrode inserted into the cortex. Isovolemic hemodition was
performed by drawing 9ml of blood from the tail artery and infusing the same volume of
hetastarch through the femoral vein. Blood pressure was kept constant by infusing
methoxamine after isovolemic hemodilution. Results: Hematocrit decreased from 37.2+3.1%
to 20.3+2.0 % and CaO2 decreased from 17.5+1.4ml/dl to 9.8+0.9ml/dl after isovolemic
hemodilution. The summed field potentials did not change after isovolemic hemodilution.
Figure 1 shows the evoked LCBF before and after isovolemic hemodilution. Both curves
were normalized by the baseline level before isovolemic hemodilution The local oxygen
delivery was calculated as the product of the integrated evoked LCBF and CaO2. The local
oxygen delivery after isovolemic hemodilution was a factor of 0.88 (0.69 — 1.12) (median
(25-75%)) times that before isovolemic hemodilution despite an increase in integrated evoked
LCBF by a factor of 1.48 (1.31 — 1.85). The change in evoked local oxygen delivery was not
significant (p > 0.05). Discussion: This is the first report to investigate evoked oxygen
delivery after isovolemic hemodilution. Despite a 50% increase in evoked LCBF, the evoked
local oxygen delivery is kept constant. Thus, evoked LCBF maintains a constant local oxygen
delivery even in the transient condition although its vascular mechanism is yet to be
elucidated. Grant support: Science and Technological Research Fellowship of Japan Society
for the Promotion of Science (JSPS) and National Institute of Health MH57180 Fig.1. LCBF
responses before and after isovolemic hemodilution. Both were normalized by the baseline
LCBF before isovolemic hemodilution.
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INTRAMICROVASCULAR BEHAVIOR OF PLATELETS IN RAT BRAIN
OBSERVED BY HIGH-SPEED LASER CONFOCAL FLUORESCENCE
MICROSCOPY

Norio Tanahashi, Hidetaka Takeda, Takasi Osada, Kouichi Ohki, Miyuki Unekawa,
Minoru Tomita, Norihiro Suzuki

Department of Neurology, School of Medicine, Keio University, Tokyo, Japan

Although abundant data are available on in vitro platelet behavior, in situ studies in the brain
microvasculature, especially in the intraparenchymal vessels, have not previously been
possible because of methodological difficulties. We used our newly developed high-speed
(125-1000 frames per sec) confocal fluorescence microscopy and image analysis system
employing Matlab and our own KEIO-IS1 and KEIO-1S2 software to visualize platelet flow,
tracking individual platelets in the microvasculature in living rat cerebral cortex. The program
exploits the light intensity difference between the dark background and the light platelets in
the visual field of the microscope to detect the platelets automatically. A small cranial
window was trephined in the parietal region of urethane-anesthetized Wistar rats (n=10).
Fluorescein isothiocyanate (FITC)-dextran (70 kDa) was injected intravenously to stain the
microvessels. Subsequently, carboxylfluorescein succinimidyl ester (CFSE) was also injected
intravenously to label platelets. Platelets in circulating blood became visible as bright
particles in the intraparenchymal microvessels. In the veins, platelets were seen flowing
slowly along endothelial cell walls (rolling) with a standard video camera at 30 frames per sec
for a couple of minutes after the CSFE injection. In the arteries/arterioles, flowing platelets
were detected only at high speed settings (125-1000 frames per sec). Contrary to expectation,
platelet flow was well mixed in the circulating blood, and did not occur preferentially in the
peripheral layer. However, transient contact of platelets with endothelial cells and detachment
( gtouch and go h phenomenon) were occasionally observed in the pial arteries. Flowing
platelets in the capillaries were by no means stationary. For documentation of platelet
tracking, video clips taken at 250-500 frames per sec for a 10 sec interval were analyzed with
KEIO-1S2 (see Schiszler et al. Brain 05). The software automatically assigned individual
numbers to platelets, calculated their velocities, and presented the results on a spreadsheet
(Excel). The velocities were 2.72 }0.52 mm/sec for arterioles, 0.75 }0.3 mm/sec for single
capillaries and 0.21 }0.07 mm/sec for venules. In the later stage of experiments (5-10 min
after CSFE injection), platelets began to adhere to the wall of venules, occasionally forming
large platelet aggregates, probably owing to some toxic effect of CFSE itself on the
endothelial cells. The high-speed laser confocal fluorescence microscope is a promising tool
for investigating hemodynamic changes at the vessel wall, including formation of platelet
clots and their resolution with therapeutic agents.
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NONLINEAR CORRELATION BETWEEN EVOKED LOCAL CEREBRAL BLOOD
FLOW AND FIELD POTENTIAL IN RAT SOMATOSENSORY CORTEX AS A
FUNCTION OF STIMULUS CURRENT

Masakatsu Ureshi, lwao Kanno

Akita Research Institute for Brain and Blood Vessels, Department of Radiology and Nuclear
Medicine, Akita, Japan

Introduction: It is known that the local cerebral blood flow (LCBF) in rat somatosensory
cortex demonstrates transient changes in response to peripheral stimulation. However, the
mechanism responsible for the transient evoked LCBF has yet to be determined. As the
change in LCBF is almost certainly coupled to neuronal activity, the correlation between
evoked LCBF and field potential (FP) as a function of the characteristics of the stimulus is
important to understanding this mechanism. In the present study, we examined the
relationship between local cerebral blood flow (LCBF) and field potential (FP) evoked by
hindpaw stimulation in rat somatosensory cortex while changing the stimulus current.
Methods: Twenty Sprague-Dawley rats were used in this study. The tail artery and femoral
vein were cannulated for blood pressure monitoring, blood gas sampling and drug injection.
Rats were anesthetized with a—chloralose during the experiments and were fixed in a
stereotactic frame. The parietal bone was thinned to translucency with a drill and the thinned
region covered an area of 3x3 mm~2 over the left somatosensory cortex centred 2.5 mm
caudal and 2.5 mm lateral to the bregma. The cortex was activated by electrical stimulation of
the hind paw with 5 Hz pulses (0.1 ms width) applied at currents of 1.0, 1.5, 2.0 and 2.5 mA
for 5 s. LCBF was measured using Laser-Doppler flowmetry and the FP was recorded by a
tungsten microelectrode inserted into the cortex. Results: The peak value of the LCBF and
integrated evoked LCBF increases linearly with stimulus current. On the other hand, the
gradient of the summed FP decreases at higher currents. Consequently, the relationship
between integrated evoked LCBF and summed FP was nonlinear and a least-squares fit of a
power-law to the data gave y = a x*b, a = 1.05e-3, b = 2.25 (R = 0.962). Discussion: There
are two possible reasons for the nonlinear correlation between the integrated evoked LCBF
and summed FP. One possibility is a mismatch in the size of the fields-of-view of the
measurement probes. The second possibility is that the measure of neural activity, SFP, did
not include the slower, low amplitude contributions to the FP by unmyelinated nerve fibers at
higher currents. It isn’t yet clear which of these possibilities is more likely. Grant support:
Science and Technological Research Fellowship of Japan Society for the Promotion of
Science (JSPS) and National Institute of Health MH57180 Fig.1. The relationship between
the integrated evoked LCBF and summed field potentials.

@
8

Integrated evoked LCBF

o

0 40 80 120
Summed field potentials (mV)



184

TRANSFORMING GROWTH FACTOR-R1 (TGF-31) ALTER ENDOTHELIN-1 (ET-1)-INDUCED
CONTRACTION IN BRAIN VESSELS VIA UPREGULATION OF MITOGEN-ACTIVATED
PROTEIN KINASE PHOSPHATASE 1 (MKP-1) AND INACTIVATION OF P38 MITOGEN-

ACTIVATED PROTEIN KINASE (P38 MAPK)

Xin-Kang Tong, Edith Hamel

Laboratory of Cerebrovascular Research, Montreal Neurological Institute, McGill University, Montréal,
QC, Canada

Introduction: Increased levels of TGF-31 have been implicated in the cerebrovascular dysfunctions that
accompany Alzheimer’s disecase. Transgenic mice that overexpress TGF-B1 exhibit perivascular
accumulation of amyloid and basement membrane proteins, thinner endothelial cells, decreased local
cerebral blood flow (Buckwalter et al., 2002, Ann NY Acad Sci 997, 87) and, as we recently found in middle
cerebral arteries (MCAs) from such aged mice, a reduced contractile response to ET-1 (Tong et al,
submitted). As ET-1 is an important regulator of cerebrovascular tone and homeostasis, we tested if chronic
overproduction of TGF-B1 could decrease contraction to ET-1 via inactivation of its signal transduction
pathway. Methods: ET-1-induced contractions were measured in isolated and pressurized MCAs from aged
(>16 months) TGF-B1 transgenic and wild-type littermate controls (n=3/group), or young C57Bl/6 (n=10)
mice in the presence or absence of 25uM SB-203580 (p38 MAPK inhibitor) or 10uM UO0126 (extracellular
signal-regulated kinase (ERK1/2) kinase or MEK inhibitor). Primary cultures of rat brain microvascular
smooth muscle (SMC) cells were generated from 112 pm mesh-harvested cortical microvessels. Cells were
exposed (3 days) to TGF-B1 (3ng/ml) in the absence of serum, and then stimulated with ET-1 (10-7M, 10
min) with or without pre-incubation (1 hr) with SB-203580 (25uM) or U0126 (10uM). Alternatively, cells
were exposed to TGF-B1 (2 days) and, on the 3rd day, to both TGF-B1 and Ro-31-8220 (2-6uM, an inhibitor
of MKP-1 expression), before ET-1 stimulation. Cell lysates were separated by SDS-PAGE, transferred to
nitrocellulose filters, probed with antibodies against ETA and ETB receptors, MKP-1, cyclo-oxygenase-2
(COX-2, marker of cell activation) or phosphorylated-MKK3/6, -ERK1/2, or -p38 MAPK. Results: MCAs
from aged TGF-B1 transgenic mice had reduced contractions to ET-1 as compared to wild-type littermates
(139%, p<0.01). Similarly, MCAs from young mice treated with SB-203580 showed severely impaired
contractions to ET-1 (]68%, p<0.001) while U0126 exerted a much smaller effect (|32%, ns), indicating that
p38 MAPK is the main transduction pathway in this response. In SMC cells, chronic exposure to TGF-31
increased COX-2 expression, had no effect on levels of ETA and ETB receptors, MKK3/6, but significantly
decreased (] 18.5%, p<0.05) phosphorylated p38 MAPK levels while increasing those of MKP-1 protein,
indicating selective inhibition of the down-stream ET-1 transduction pathway at the p38 phosphorylation
step. Further, SMC cells treated with TGF-B1 and Ro-31-8220 showed normalized levels of phosphorylated
p38 MAPK and decreased MKP-1 protein levels (Figure). Conclusion: These results demonstrate that
chronic high levels of TGF-81 induce MKP-1 expression in cerebrovascular SMC cells, which leads to the
inactivation of p38 MAPK and altered capacity of the brain vessels to constrict in response to ET-1. TGF-31
may thus exert detrimental effects on cerebrovascular tone and homeostasis by promoting MKP-1, a negative
regulator of p38 MAPK activity. Supported by CIHR (MOP-64194) and Alzheimer Society of Canada.
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VASCULAR FIBROSIS VERSUS AMYLOID BETA (AR)-INDUCED OXIDATIVE
STRESS IN THE CEREBROVASCULAR PATHOLOGY ASSOCIATED WITH
ALZHEIMER’S DISEASE (AD)

Xin-Kang Tong, Nektaria Nicolakakis, Edith Hamel

Laboratory of Cerebrovascular Research, Montreal Neurological Institute, McGill
University, Montreal, QC, Canada

Introduction: Recent studies indicate that cerebrovascular pathologies, ranging from structural
alterations, atherosclerotic lesions and impaired hemodynamic responses, are another if not a
primary feature of Alzheimer's disease (AD). Oxidative stress mediated by amyloid beta (AR)
and chronic inflammation associated with increased levels of transforming growth factor-beta
1 (TGF-R1), have been implicated in these dysfunctions. Using transgenic mice of different
ages (4, 12 and/or 18/21 months) that overexpress AR or TGF-R1, we studied the age-related
changes in cerebrovascular responsiveness, assessed their relationships with alterations in
specific proteins, tested in vitro their reversibility at an advanced stage of the pathology, and
compared them to changes seen in cortical microvessels, including from neuropathologically
confirmed cases of AD. Methods: Responsiveness of the middle cerebral artery to increasing
concentrations of serotonin (5-HT), endothelin-1 (ET-1), or calcitonin gene-related peptide
(CGRP), and to NOS inhibition (10uM L-NNA) was assessed in vitro in transgenic APP
(Swedish and Indiana mutated forms of the amyloid precursor protein) and TGF-81 mice.
Underlying mechanisms were explored by i) measuring, by Western blot, changes in protein
levels of markers of inflammation, oxidative stress, angiogenesis, or blood vessel wall
components, ii) localizing, by immunohistochemistry, changes in some of these or other
markers in cortical microvessels of transgenic mice and AD brains, and iii) pharmacologically
attempting to reverse cerebrovascular deficits in vitro by MCA superfusion (30-60 min) with
superoxide dismutase (SOD) or catalase (120 or 1000U/ml). Wild-type littermate mice and
non-demented elderly brains served as controls. Results: Middle cerebral arteries from both
APP and TGF-B1 mice showed age-impaired ability to dilate to CGRP and constrict upon
NOS inhibition. The contractile responses to 5-HT and ET-1 were preserved except in aged
TGF-R1 mice. SOD normalized the response to NOS inhibition in APP mice but SOD and
catalase had no beneficial effect in TGF-R1 mice. Protein changes in pial and intracortical
vessels of APP mice were limited to upregulation in manganese SOD (MnSOD) that typically
distributed in cuffs along and around penetrating and small intracortical microvessels at all
ages, being more salient in aged mice. In contrast, TGF-81 mice exhibited no change in
MnSOD but increases in vascular content of VEGF, total collagen and collagen type IV
together with a decrease in eNOS protein and alkaline phosphatase activity. In AD brains,
there was no perivascular upregulation of MnSOD, but increased microvascular collagen
content and decreased alkaline phosphatase activity that occurred independently from
vascular AR plaques. Conclusion: Increased vasocontractile tone, as seen in APP and TGF-31
mice, can result from different underlying mechanisms. Oxidative stress, mediated primarily
by superoxide anions, was the main culprit in APP mice, while structural changes in the
vessel wall, exemplified by decreased eNOS and alkaline phosphatase activity and increased
VEGF and collagen content, characterized TGF-B1 mice and, also, AD cortical microvessels.
We suggest that pathological vascular remodeling — and not oxidative stress — is a key
determinant in AD cerebrovascular dysfunctions, and that it may be an attractive therapeutic
target for AD. CIHR (MOP-64194, EH) and Alzheimer Society of Canada.
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CHANGES OF FLOW VELOCITY AND RBC TRACKING IN SINGLE
CAPILLARIES AND CAPILLARY DENSITIES DURING SEVERE HYPOTENSION
IN RAT BRAIN
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Cerebral blood flow is autoregulated in a certain range of blood pressure (BP), but below the
lower threshold, flow starts to decrease and cerebral metabolism and function become
impaired. However, little is known about changes of cerebral blood flow outside the
autoregulation range, e.g., in severe hypotension. The purpose of this communication is to
examine intraparenchymal capillary blood flow during severe hypotension (BP = 40-50
mmHg) by employing a new high-speed (125-500 frames per sec) confocal fluorescence
microscopy and image analysis system. Urethane-anesthetized Wistar rats (n=12) with a
cranial window were given fluorescein isothiocyanate (FITC)-dextran (MW = 70 kDa)
intravenously as a bolus to detect capillaries and obtain dye dilution curves, and FITC-labeled
red blood cells (RBCs) to track RBCs in the capillaries. A video recording of a region of
interest in the somatosensory area was taken at a speed of 250 frames per sec for 10 sec
before and during hypotension induced by 8-10 ml exanguination and after reinfusion of the
blood. The video clip was analyzed with KEIO-IS1 software for plasma flow and KEIO-1S2
(see Schiszler et al., Brain 05) to document tracking of all RBCs, which were individually
numbered, and to calculate automatically individual RBC velocities. We found that capillary
density was decreased during exanguination. i.e., some capillaries were collapsed and less
dense, but increased just after reinfusion, and each capillary reached maximal dilation at 10
minutes after reinfusion. Consequently, the distribution of capillaries changed slightly during
exanguination and reinfusion of the blood. The hypotension did not cause much change in
plasma flow or RBC tracking. The control velocity of RBC in the capillaries was 2.2+1.1
mm/sec. Capillaries had different numbers of RBC passages per 10 sec, e.g., some had one
RBC passage and others had up to three passages per 10 sec. The hypotension produced a
decrease of RBC velocity which was maximum just after the end of blood exanguination
(RBC velocity decreased to 40+18 % of the control), but recovered slightly to 77+40 % of the
control at 10 minutes after blood loss. The RBC velocity showed an overshoot to 134+90 %
just after the reinfusion of the blood, and the increase of RBC velocity persisted for 15
minutes thereafter (148+15%). It is concluded that decreases in capillary density and RBC
perfusion aggravate the brain tissue damage due to severe hypotension, although plasma flow
in the remaining capillaries is unchanged.
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CEREBRAL PERFUSION PRESSURE OR ARTERIAL PRESSURE ONLY: HOW TO
ASSESS DYNAMIC CEREBRAL AUTOREGULATION MORE ACCURATELY ?

Piotr Smielewski, Phil Lewis, Marek Czosnyka, John D. Pickard
Academic Neurosurgery, Addenbrooke's Hospital, Cambridge, UK

Objective: Dynamic tests of cerebral autoregulation are becoming increasingly popular in
clinical practice. The clinical usefulness of cerebral autoregulation is believed to depend on
its close association with outcome; impaired autoregulation in the post-injury period implies a
poorer outcome (1). Various methods based on time-domain or frequency-domain analysis
analysis of blood flow velocity fluctuation (measured non-invasively using Transcranial
Doppler Ultrasonography), in response to spontaneous or provoked variations of arterial
blood pressure (ABP) or cerebral perfusion pressure (CPP) have been described in the
literature. The main advantage of such a methodology is that the test does not require any
pharmacological alteration of ABP and the state of autoregulation can be monitored virtually
continuously — as long as transcranial doppler probes may remain in place. Our objective was
to investigate the clinical utility of two indices of dynamic autoregulation. One of them is
based on changes in arterial pressure and the other, changes in cerebral perfusion pressure
Methods: One hundred and eighty anaesthetised and ventilated head injured patients with
intracranial pressure, arterial pressure and MCA blood flow velocity recorded intermittently
(for periods of 10 minutes up to two hours) were studied. Indices of dynamic autoregulation
were calculated as a moving correlation coefficient of 60 samples (total time 3 minutes) of 6
second mean values of blood flow velocity and arterial pressure (Mxa) or blood flow velocity
and cerebral perfusion pressure (Mx), recomputed every 3 seconds. Values of Mx and Mxa
were averaged over multiple recordings in each patient and correlated with outcome at 6
months post injury. Results. Pearson’s correlation coefficient between Mx and Mxa was
significantly positive (R=0.85; p<0.000001). Mxa was significantly greater than Mx (0.22+/-
0.22 versus 0.062+/-0.28; p<0.000001). The difference between Mx and Mxa significantly
decreased with impaired autoregulation (R=-0.39; p < 0.000001) and with greater ICP (R= -
.26; p<0.0005). Mx showed a significant correlation with outcome while the correlation
between Mxa and outcome was much weaker and non-significant (R= 0.25; p<0.0008 versus
R=0.14; p<0.07 (NS). Both indices correlated positively with ICP and negatively with CPP
but this dependence was stronger for Mx than Mxa. Conclusion. Although both indices are
relatively well correlated with each other, differences between them may be considerable. The
observation that the differences between indices decrease when ICP increases, contradicts the
opinion that CPP rather than ABP should be taken into account only in cases when ICP is
already elevated. When ICP is recorded, CPP rather than ABP should always be used in
calculations. After head injury, the index based on cerebral perfusion pressure correlates more
strongly with outcome than the index using arterial pressure alone, and therefore is clinically
far more useful. REFERENCE 1. Czosnyka M, Smielewski P, Piechnik S, Steiner LA,
Pickard JD. Cerebral autoregulation following head injury. J Neurosurg. 2001 Nov;95(5):756-
63
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EVALUATION OF CRITICAL HEMODYNAMIC STATUS INDUCED BY
ACETAZOLAMIDE CHALLENGE IN PATIENTS WITH CEREBROVASCULAR
DISEASE: ASSESSMENT OF REGIONAL PERFUSION PRESSURE

Hidehiko Okazawa', Tatsuro Tsuchida?, Yoshikazu Arai®, Tetsuya Mori®,
Masato Kobayashi', Fumiko Tanaka®, Yoshiharu Yonekura®

'Biomedical Imaging Research Center, *Department of Radiology, *Department of
Neurosurgery, University of Fukui, Japan

Introduction: Autoregulatory mechanism to keep cerebral blood flow (CBF) and perfusion
pressure may be impaired in patients with cerebrovascular disease (CVD). To investigate the
critical hemodynamic status in the impaired cerebral circulation, changes in regional CBF
(rCBF) and arterial-to-capillary blood volume (VO0) induced by acetazolamide (ACZ) were
measured in CVD, as well as changes in hemodynamic parameter defined by rCBF/VO ratio,
which is expected to be proportional to the regional perfusion pressure. Method: Thirty-nine
patients (mean age = 64.5+9.3 y) with unilateral major cerebral arterial occlusive disease
underwent O-15 water PET at baseline and 10 min after ACZ administration. The mean
interval between an ischemic event and the PET examination was 5.7+7.4 months. Dynamic
PET data were acquired to calculate rCBF, VO and rCBF/VO0 ratio using the 3-weighted
integral method. The hemodynamic parameters in the territories of bilateral middle cerebral
arteries were obtained and compared between the 2 hemispheres and 2 conditions. Results:
Following ACZ administration, the group of patients who had a diminished rCBF response in
the ipsilateral hemisphere (reduced vasodilatory capacity group = RVC; 22 patients) showed a
significant VO increase in the same region. Thus, the rCBF/VO0 ratio decreased significantly
after ACZ administration in the ipsilateral hemisphere of RVC. This ratio did not change in
the contralateral hemisphere of this group nor in the other group with normal vasodilatory
capacity (NVC; 17 patients), suggesting that its reduction represented severe hemodynamic
impairment and dysfunction of autoregulation for regional perfusion pressure. The significant
decrease in rCBF/VO ratio was associated with strokes in patients of RVC (Table). Eight
patients in RVC (36%) and 15 in NVC (88%) had suffered strokes. Twelve patients in RVC
(56%) had a history of TIA, whereas only one in NVC had suffered from TIA (5.9%). The
incidence of past history of stroke and TIA was significantly different between the two groups
(p<0.005, Chi-square test). Conclusion: The lack of rCBF increase after ACZ challenge does
not necessarily reflect the exhaustion of vasodilatory capacity in patients with severely
impaired cerebral circulation. Decrease in the rCBF/VO0 ratio after ACZ challenge is presumed
to represent altered regional cerebral perfusion pressure reflecting a critical hemodynamic
status in patients with CVD because post-ACZ reduction of this ratio was closely associated
with hemodynamic deficiency in RVC. References: [1] Okazawa H, et al. J Nucl Med
2003;44:1875-1883. [2] Ohta S, et al. J Cereb Blood Flow Metab 1996;16:765-780.

Table: Comparing of rCBF/V,, ratio (min'"y among different symptoms in RVC and all NVC

RVC Ipsilateral NVC Ipsilateral

Stroke (n = 8) TIA(n = 12) (n=17)
Baseline 257 +69 241 £ 50 209 +43
Post-ACZ 16.9 + 4.9 215 £ 45 208 + 47

% Change -8.8 + 521 26 £23 01 £27
"p <0.05, Tp < 0.01, comparing the 3 groups (one-way ANOVA and post-hoc Sheffe’s F-test).
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'ECSTASY' AS ARISK FACTOR IN STROKE: A LABORATORY INVESTIGATION
OF 3, 4-METHYLENEDIOXYMETHAMPHETAMINE-INDUCED
CEREBROVASCULAR DYSFUNCTION

Linda Ferrington®, Douglas E. McBean?, Henry J. Olverman®, Paul A.T. Kelly*

!Division of Neuroscience, University of Edinburgh, Edinburgh, UK
2School of Health Sciences, Queen Margaret University College, Edinburgh, UK

Background and Purpose: “Ecstasy” (3,4-methylenedioxymethamphetamine; MDMA) is a
popular recreational drug which is widely perceived to be “safe” by many users and some
commentators. However, a growing body of clinical evidence suggests that MDMA use is a
risk factor for cerebrovascular accident (CVA) in otherwise healthy young people (1),
although the mechanism by which MDMA might effect these pathological changes remains to
be fully elucidated. In order to identify the mechanism by which MDMA might induce
cerebrovascular dysfunction, we have examined the cerebrovascular effects of a single acute
exposure to MDMA in Dark Agouti (DA) rats. Methods: Conscious, lightly restrained adult
DA rats were injected i.p. with either 15mg.kg-1 MDMA or saline (both n=10). Local
cerebral blood flow (LCBF) and glucose utilization (LCMRglu) were measured in equal
numbers from each group, 25 and 15 minutes post-MDMA respectively, in 62 brain areas
using [14C]- iodoantipyrine and [14C]-2-deoxyglucose quantitative autoradiography
respectively. Mean arterial blood pressure (MABP) and rectal temperature were monitored
throughout. Data (meants.e.m.) were analysed using appropriate t-tests (p<0.05). Results:
MDMA produced significant increases in rectal temperature (37.7+0.2 to 39.5+0.20C) and
MABP (142+3 to 182+4 mmHg). MDMA produced significant increases in LCMRglu in 21
brain areas, most markedly in the motor system (globus pallidus; +82%; medial striatum;
+71%). Conversely no significant increases in LCBF were measured. Significant decreases in
LCBF were observed in 20 brain areas, most markedly in the limbic system (anterior
thalamus; -34%; dorsal subiculum; -30%). Global analysis of all 62 areas revealed a close
correlation (r=0.86) between LCMRglu and LCBF with an overall ratio of 1.46 in controls.
Despite the divergence of LCMRglu (increases) and LCBF (decreases) in MDMA treated
groups, there was a similar close correlation (r=0.82), however the overall ratio was decreased
to 1.07. In the whole brain, LCBF was coupled to metabolism in both groups, but the
equations defining the best-fitting straight line for the data-points demonstrate that the
gradient was decreased in the MDMA group, indicating a downward re-setting of the flow-
metabolism relationship. Taking the brain areas individually the ratio of flow to metabolism
was found to decrease in all but two. Conclusions: This study indicates that acute MDMA
exposure may radically alter the fundamental relationship between cerebral perfusion and
metabolic demand. The local uncoupling of flow from underlying metabolism and the global
re-setting of this relationship may result from the vasoconstrictor action of MDMA-induced
acute 5-HT efflux, and the relative oligaemia produced might provide the mechanism for
CVA in human users. Although this phenomenon may be more limited in the human brain,
deficits in brain function that parallel the cognitive decline seen in multi-infarct dementia
have been found in persistent MDMA users and with the scale of current 'Ecstasy' usage this
has the potential to develop into a healthcare problem in the future. McEvoy AE et al (2000)
BMJ 320; 1322-1324. This study was funded by EC Grant No. QLG3-CT-2002-008009.
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NOS INHIBITOR ATTENUATES VASODILATATION BY TRIGEMINAL
STIMULATION

Michinari Fukuda®, Shinya Tsukahara®, Kenzo Koizumi®, Shigeyoshi Maruyama?,
Norihiro Suzuki®, Fumihiko Sakai'

'Department of Neurology, Kitasato University, Sagamihara, Japan
Department of Laboratory Animal Science, Kitasato University, Sagamihara, Japan
*Department of Neurology, Keio University, Tokyo, Japan

Introduction: The mechanism of the blood flow increase by trigeminal activation is an
important issue in terms of the pathophysiology of migraine and ‘vascular headache’. We
have previously demonstrated that 5-HT1B/1D receptor agonist and CGRP receptor
antagonist abolished the blood flow increase elicited by trigeminal activation (1, 2) and that
NK1 receptor antagonist and leukotriene receptor antagonist failed to attenuate this flow
increase. Yet, the precise neurotransmitter-receptor mechanism of the trigeminal neurogenic
vasodilatation is unclear. It has been proposed that nitric oxide (NO) may be the causative
molecule of ‘vascular headache’. The purpose of this study is to investigate the role of NO in
the trigeminal neurogenic vasodilatation utilizing selective nNO-synthase inhibitor. Methods:
Seven male Sprague-Dawley rats, weighing 350-400 gram, were anesthetized with _-
chloralose and urethane, and ventilated mechanically with room air. Parietal cortical blood
flow (CoBF) on the right side was continuously monitored with the Laser-Doppler flow meter
system. The nasociliary nerve (NCN) - a cerebrovascular branch of the trigeminal nerve in the
rat - was carefully approached from the orbit in the right side. The post-ganglionic nerves
from the pterygopalatine ganglion were gently eliminated from the ethmoidal foramen (EF).
NCN was stimulated electrically near its entrance to EF through a bipolar platinum electrode
with an electrical stimulator (5-25 pA, 0.5 ms duration, 10 Hz, 30 sec stimulation). CoBF
were measured during and after electrical stimulation of NCN under intravenous injection of
1.0 ml saline followed by nNO-synthase inhibitor, NOS-547 (100 pg/kg in 1.0 ml saline). The
flow data were analyzed by one-way ANOVA followed by Bonferroni/ Dunn adjustment for
multiple comparisons and repeated measures ANOVA. Results: No significant change in
physiological parameters was observed during and after electrical stimulation. CoBF was
significantly increased upon electrical NCN stimulation at 20 sec, 25 sec, 30 sec from the
initiation of stimulation by 11.3£1.9 %, 11.1+2.4 %, 11.1+2.5 %, respectively in control state.
This increase was significantly suppressed after NOS-547 administration to 4.5+1.8 %,
5.3+1.9 %, 3.7+1.7 % at 20 sec, 25 sec, 30 sec, respectively. The amount of blood flow
increase when NOS-547 was given was significantly less than the control data. Conclusion:
NO-synthase inhibitor attenuated the blood flow increase upon trigeminal nerve stimulation.
NO is one of the most important neurotransmitter molecule in the trigeminal neurogenic
vasodilatation. References: [1] Suzuki N, Fukuda M, Dobashi K, Maruyama S, Kitamura A,
Sakai F; J Cereb Blood Flow Metab 21: S249 (2001) [2] Fukuda M, Suzuki N, Tsukahara S,
Maruyama S, Sakai F; J Cereb Blood Flow Metab 23: S18 (2003)
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ANGIOTENSIN Il TYPE 1 (AT1)-RECEPTOR BLOCKER PREVENTS IMPAIRMENT OF
ENDOTHELIUM-DEPENDENT CEREBRAL VASODILATION BY ACUTE CIGARETTE
SMOKING IN RATS

Mami lida™ 3, Hiroki lida?, Motoyasu Takenaka?, Hisayoshi Fujiwara®, Shuji Dohi?

'2nd Dept. of Internal Medicine (Cardiology), “Dept. of Anesthesiology & Pain Medicine, Gifu University
Graduate School of Medicine, 3Dept. of Health & Nutrition, Faculty of Home Economics, Gifu Women's
University, Gifu, Japan

[Background and purpose] A number of previous studies have shown that both cigarette smoking and smoke
extract impair the nitric oxide synthase (NOS)-dependent reactivity of peripheral blood vessels, but not
clearly shown in cerebral vessels. It is possible that antagonizing the action of angiotensin Il might limit or
prevent the endothelial dysfunction induced by free radicals that is associated with cigarette smoking. Our
aim is to test whether the response of cerebral arterioles to acetylcholine (Ach; endothelium-dependent
vasodilation) is altered (a) after brief inhalation of cigarette smoke or (b) by administration of nicotine itself.
In addition, we investigated the effects of an angiotensin Il type 1 (AT1)-receptor blocker (valsartan) on the
impairment of endothelium-dependent vasodilation in cerebral arterioles induced by acute cigarette smoking.
[Materials and methods] In pentobarbital-anesthetized, mechanically ventilated Sprague-Dawley rats (350g ~
400g), we used a closed cranial window preparation to measure changes in pial vessel diameters. We initially
examined the response of arterioles to an endothelium-dependent vasodilator [Ach (10-6M and 10-5M)] and
also to an endothelium-independent vasodilator [adenosine (10-5M and 10-4M)] before smoking (n=6, each).
Then, 1 hour after smoking had been performed we again examined the responses of arterioles to the larger
doses of Ach and adenosine. In experiment 2, we examined the effects of acute infusion of nicotine on the
reactivity of cerebral arterioles to Ach(n=6). Then, in experiment 3, after intravenous valsartan pretreatment
we reexamined the pial vasodilator response to topical Ach (before and after cigarette smoking; n=6).
[Results] Under control conditions, cerebral arterioles were dilated by 6.9+4.2% and 13.6+4.8% by topical
Ach (10-6M and 10-5M, respectively) and by 6.4+2.5% and 12.2+3.1% by topical adenosine (10-5M and 10-
4M, respectively). One hour after a 1-min inhalation of mainstream smoke (1mg-nicotine cigarette), 10-5M
Ach constricted cerebral arterioles (-4.4+4.1%), while 10-4M adenosine dilated them by 13.4+3.4%. One
hour after a 1-min nicotine infusion (0.05mg), 10-5M Ach dilated cerebral arterioles by 9.9+2.4%. Thus,
vasodilator response to topical Ach was impaired after smoking, whereas that to adenosine was unaffected.
However, the vasodilator response to Ach was unaffected by intravenous nicotine. Valsartan pretreatment
did not change the responses to topical Ach application obtained before smoking. One hour after a 1-min
inhalation of mainstream smoke, 10-5M Ach dilated cerebral pial arteries by 10.9 + 3.7% in the valsartan
pretreatment group, a response that was significantly different from that obtained without valsartan
pretreatment. Thus, valsartan completely prevented the smoking-induced impairment of Ach-induced
vasodilation. [Conclusion] Acute single-cigarette smoking causes a dysfunction of endothelium-dependent,
but not endothelium-independent, vasodilation of rat cerebral vessels in vivo, and the effect was not
mimicked by intravenous nicotine. AT1-receptor blockade prevented the above smoking-induced impairment
of endothelium-dependent vasodilation.
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CEREBRAL VASCULAR MITOCHONDRIAL EFFICIENCY IS INCREASED BY
ESTROGEN TREATMENT

Chris Stirone!, Diana N. Krause!, Vincent Procaccio?, Sue P. Duckles!

'Department of Pharmacology, School of Medicine, University of California, Irvine, CA, USA
Center for Molecular and Mitochondrial Medicine and Genetics, School of Medicine,
University of California, Irvine, CA, USA

We have previously demonstrated that estrogen, either endogenous or exogenous, increases
the production of endothelial vasodilators in the cerebral vasculature. Since mitochondria are
thought to play a vital role in vascular dysfunction we have investigated the impact of
estrogen treatment on cerebral vascular mitochondrial electron transport and formation and
metabolism of reactive oxygen species. We now show that treatment in vivo with 17beta-
estradiol also modulates cerebral vascular mitochondrial function and protein expression.
Mitochondria were isolated from cerebral blood vessels obtained from ovariectomized female
rats, with and without estrogen replacement for three weeks. Plasma levels achieved by
estrogen replacement mimicked those seen in intact, cycling females. Estrogen receptor, ER-
alpha, but not ER-beta, was detected in mitochondrial fractions, and ER-alpha protein was
increased following estrogen treatment. Levels of mitochondrial cytochrome ¢, manganese
superoxide dismutase, and subunits | and IV of complex IV also were increased in vessels
from estrogen-treated rats. These findings correlated with functional increases in
mitochondrial citrate synthase and complex IV activities in vessels from estrogen-treated
animals. In contrast, hydrogen peroxide production, measured using succinate in vitro, was
decreased in mitochondria from vessels of estrogen-treated animals. Surprisingly, PGC-
lalpha expression was significantly decreased, and NRF-1 protein levels were unchanged
following estrogen exposure, suggesting that estrogen acts independently of these previously
defined modulators. Together, these novel findings suggest that vascular protection by
estrogen is mediated, in part, by modulation of mitochondrial function resulting in greater
energy producing capacity, more efficient coupling of electron transport, and decreased
reactive oxygen species production.
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AGE INCREASES OVERALL COMPLEXITY OF HUMAN SPONTANEOUS CBV
FLUCTUATIONS

Andras Eke, Peter Herman, Marton Hajnal

Institute of Human Physiology and Clinical Experimental Research, Faculty of Medicine,
Semmelweis University, Budapest, Hungary

Background and Purpose: Complexity of spontaneous CBV fluctuations - earlier
demonstrated by us in young adults' — can emerge from random, fractal’> or chaotic
processes’. Our aims were to define the contribution of these patterns to the observed
complexity and to evaluate the effect of age and gender on it. Methods: Total hemoglobin
content as the measure of CBV was monitored by near infrared spectroscopy (NIRS) on
volunteers (male n=19, age=20-78 years; female n=23, age=21-79 years). Random and fractal
pattern was distinguished by the spectral index (8)%. Chaos was identified by the surrogate
analysis of correlation dimension and largest Lyapunov exponent®. Results: In spontaneous
CBYV fluctuations both fast random and slow fractal dynamics are present as demonstrated in
the power spectral density of the CBV fluctuations (Fig. 1), where they are separated by a
cutoff frequency, f’. Below f’ the pattern is fractal (self-similar), in that power rises inversely
with frequency as 1/ f*. Above f* the pattern is of white noise with """ around 0. f* decreases
with age in both genders. Neither in pre- nor in postmanupause age groups (group 1 and 2,
respectively) shows "3, the slope across the power estimates at the low frequencies, gender
difference (femalegroup1:1.23+0.25 vs. malegoypi:1.14+0.22, p=0.329, femalegroypo:1.39+0.26 vs.
malegqoupz:1.17+0.20, p=0.089, respectively). The range of fluctuation amplitudes produced by
the slow fractal dynamics is always larger than that of the fast random fluctuations, which
difference significantly (p=0.013) decreases with age in women, only. Surrogate analysis
demonstrated that CBV dynamics cannot be characterized on grounds of deterministic chaos.
Conclusions: Fractals are an ordered form of complexity due to their special autocorrelation
structure. The complexity of random (white) noise is maximal in that it is without any
correlation structure or order. Age affects the balance between the orderly and disorderly
forms of CBV complexity rendering the overall pattern more complex.

(This study was supported by OTKA Grant T34122.)

'Eke, A. and P. Herman, Adv Exp Med Biol 471: 49-55, 1999.

’Eke et al., Pfliigers Arch — Eur J Physiol 439: 403—415, 2000.

$Griffith, T. M., Cardiovasc Res, 31:342-358, 1996.

*Bassingthwaighte, J. B. et al., Fractal Physiology. Oxford University Press, 1994.
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ESSENTIAL CEREBRAL DISTRIBUTION OF CARDIAC OUTPUT IN INFANTS
Takashi Kusaka', Kenichi Isobe?, Kensuke Okubo?, Keiko Nagano?, Susumu Itoh?
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Introduction: The major regulatory mechanisms for CBF in infants are autoregulation,
arteriolar CO2, oxygen delivery, blood glucose and neural activity. Furthermore, the
cardiovascular system regulates CBF through variation in cardiac output (CO) and
distribution of blood flow. In this study, the usefulness of multi-channel near-infrared
spectroscopy (MNIRS) and pulse dye densitometry with indocyanine green (ICG) for
determing CBF and left ventricle CO in infants was investigated. Subjects and methods: We
measured CBF and CO in 17 infants (mean gestational age + SD: 32.9 * 4.3 weeks) without
neural abnormalities on day 0 to day 82 after birth. A bolus of ICG (0.2 mg/kg) was injected
into the peripheral vein of each infant. Changes in the cerebral ICG concentration in a 6 cm X
6 cm field of the parieto-temporal region were recorded using MNIRS. Simultaneously, pulse
dye densitometry, using the general principles of pulse oximetry, was used to measure the
arterial blood concentration of ICG. The CBF was calculated using Fick’s equation. CO was
calculated from the first dilution curve on a dye densitogram. Results and Discussion: CO and
CBF in the parieto-temporal region were 202.8 + 90.6 mL/kg/min (mean + SD) and 15.3 + 4.2
mL/100 g/min, respectively. The relationship between CO and CBF was CBF = 0.03 CO +
8.71 (r = 0.70, p = 0.002). The blood flow distribution to the brain of left ventricular CO is
estimated to be 11% if the brain weight is assumed to be 15% of body weight. When CO was
high (300 mL/kg/min) the CBF was 20.1 mL/100 g /min, which calculated to 7.8% of CO.
When CO fell to ~100 mL/kg/min, CBF also fell (to 12.0 mL/100 g /min), the percentage of
CBF to CO was calculated to 21.2%. The brain is considered an essential organ defined as
one whose blood supply is preferentially maintained during periods of reduced CO. We
conclude that control of CO important for regulation of CBF during the acute phase of illness
in infants. Acknowledgement: We thank Professor William Meadow (The University of
Chicago) for his critical comments regarding our studies. Refereces: Kusaka T, Isobe K,
Nagano K, et al.; Neuroimage 13: 944-952 (2001) Kusaka T, Okubo K, Nagano K et al.; Arch
Dis Child Fetal Neonatal Ed. 90: F77-78 (2005) Nagano K, Kusaka T, Okubo K, et al,;
Paediatric Anaesthesia: (in press) Meadow WL, Rudinsky BF, Bell A, et al.; Pediatr Res
35:649-656. (1994)
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CEREBRAL HAEMODYNAMICS ASSESSED BY TRANSCRANIAL DOPPLER
ULTRASONOGRAPHY DURING ORTHOTOPIC LIVER TRANSPLANT. A
PRELIMINARY REPORT

Eric A. Schmidt" 3, Marek Czosnyka®, David Tew?, John R. Klink?, Marcella Balestreri*?,
John D. Pickard®, Basil F. Matta®

'Department of Neurosurgery, Addenbrooke's Hospital, Cambridge, UK
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Background: Autoregulation is known to be altered in patients with acute liver failure [1,2].
Transcranial Doppler is considered as an appropriate technique to gauge cerebral
haemodynamics during hepatic failure and liver transplantation [3,4]. We aimed at assessing
dynamic autoregulation [5] and non invasive cerebral perfusion pressure estimation (nCPP)
[6] during an orthotopic liver transplantation (OLT). Methods: OLT was performed in 10
patients suffering from chronic liver disease. General anesthesia was performed according to
a standardized technique. During the surgery, as a routine clinical procedure, arterial blood
pressure (ABP) was invasively measured and cerebral blood flow velocity was assessed using
transcranial Doppler (TCD Intraview Rimed™) in the middle cerebral artery. Analog signal
was digitized, and stored in a computer using a dedicated in-house software. Off line, the
correlation coefficient between ABP and FV, termed mean Mxa, was calculated [5]. Mxa
close to +1 denotes that slow fluctuations in ABP produce synchronized slow changes in FV
indicating defective autoregulation. In anesthetized patients, Mxa<0.4 indicates a preserved
autoregulation [7]. nCPP was also calculated as followed: nCPP=(ABPm*FVd/FVm)+14 [6].
During every surgery, we defined three time periods: the dissection phase ie from surgical
start till portal vein has been clamped, the anhepatic phase when the portal vein is clamped
and at least the reperfusion phase when the portal vein is released until the completion of the
surgery. All haemodynamic indices were calculated for each time period and averaged.
Results: ABP was relatively stable during the surgery. nCPP followed passively the changes
in ABP. Autoregulation significantly weakens in the course of the surgery, and deteriorates
significantly whilst anhepatic (p<0.01) the reperfusion phase (p<0.001). Blood flow velocity
increased significantly during reperfusion phase (p<0.05). Conclusion: We have been able to
gauge non invasively cerebral haemodynamics during OLT. Our results indicate an alteration
of dynamic autoregulation during the liver transplantation, and autoregulation deteriorates
pari passu. During the reperfusion phase, autoregulation is severely deranged, indicating
cerebral vasodilation. During liver transplant, nCPP looks maintained within a rather normal
range, but further investigations are mandatory to assess the validity of this method during
liver dysfunction. References: 1 Larsen et al Hepatology 1995;22:730-736 2 Pott et al Clinical
physiology 1995;15:119-30 3 Sidi et al Anesth analg 1995;80:194-200 4 Doblar et al J Clin
Anesth 1993;5:479-85 5 Czosnyka et al Stroke 1996;27(10)1829-34 6 Czoshyka et al J
Neurosurg 1998;71:673-80 7 Lang EW et a IJ Neurol Neurosurg Psychiatry 2002;72(5):583-
586
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CEREBRAL AUTOREGULATION IN ACUTE AND CHRONIC HYPOXIA
Robert Roach, Julia Dober, Paige Sheen, Vaughn Browne, Andrew Subudhi

CCAMP, Division of Emergency Medicine, Departments of Surgery & Anesthesiology,
UCHSC, Aurora, CO, USA

Impaired cerebral autoregulation (CA) in hypoxia may allow harmful perturbations in arterial
blood pressure to damage the blood-brain barrier leading to vasogenic cerebral edema. We
studied the dynamic CA response in acute hypoxia during spontaneous breathing and after
thigh cuff deflation in volunteers breathing room air (NX) or hypoxia (12%02, HX,
barometric pressure ~622 Torr). Methods: In random order, 14 volunteers repeated the cuff
deflation protocol 6 times, 3 each while NX or HX. Resting supine data were collected for 6
mins prior to second trial with NX and HX for spectral analysis. Mean ABP (MABP) and
transcranial Doppler for CBF velocity (CBFv) were recorded. Dynamic CA was assessed
during spontaneous breathing by cross-spectrum analysis of beat-to-beat changes in ABP and
CBFv, and from the cuff deflation protocol by calculation of the rate of regulation (ROR).
Results. HX caused a 17% drop in arterial SaO2% (p<0.001) and 12% drop in PETCO?2
(p<0.001), and a 10% rise in CBFv (61.8+2.9 vs 68.1+3.2, NX vs. HX, p<0.01, all values
mean+SEM). Resting MABP was similar (NS, 92.0+2.9 vs 92.9+2.9 (NX vs. HX). Cross
spectrum analyses of MABP and CBFv at very low frequencies (0.02-0.07 Hz) revealed that
MABP (mmHg2/Hz) rose from NX to HX (3.75£1.05 to 6.76+1.79, NX vs. HX, p<0.05), and
CBFv (cm2/s2/Hz) was elevated from NX to HX (5.94+2.06 vs. 12.83+3.44, vs. HX, p<0.05).
After cuff deflation, MABP dropped 14.7+3.4 mmHg in NX and 14.9+3.1 mmHg in HX
(NS). ROR fell 18.6% from NX to HX (0.7+£0.04 vs 0.5£0.06, p<0.03). Conclusions: Acute
exposure to poikilocapnic hypoxia leads to increased ABP and CBFv oscillations, and impairs
dynamic CA assessed by two independent methods in young, healthy human volunteers.
Further research is necessary to determine the role of impaired CA in chronic hypoxia, and its
relationship to altitude illness. Supported, in part, by NIH-HL-070362.
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DELIVERY OF A DELTAPKC INHIBITOR PEPTIDE IMPROVES STROKE
SURVIVAL IN A RAT MODEL OF HYPERTENSION, AND INCREASES CEREBRAL
BLOOD FLOW FOLLOWING TRANSIENT FOCAL ISCHEMIA IN
NORMOTENSIVE RATS

Rachel Bright', Koichi Inagaki®, Midori A. Yenari®, Gary K. Steinberg?,
Daria Mochly-Rosen'

'Department of Molecular Pharmacology, Stanford University School of Medicine, Stanford,
CA, USA
2Department of Neurosurgery, Stanford University School of Medicine, Stanford, CA, USA
*Department of Neurology, University of California, San Francisco, and San Francisco VA
Medical Center, San Francisco, CA, USA

Introduction: Chronic arterial hypertension shifts the autoregulation curve of cerebral blood
flow (CBF), increasing the risk of cerebrovascular events such as ischemic and hemorrhagic
stroke. These acute events also cause fluctuations in CBF, contributing to
ischemic/reperfusion damage. Therefore maintaining adequate flow is a priority for reducing
damage from compromised cerebrovascular function. Recent work has demonstrated a role
for protein kinase C (PKC) isozymes in mediating arterial tone. Additionally, we have
previously shown that delivery of a deltaPKC-specific inhibitor peptide, deltaV1-1-TAT47-57
(deltaV1-1-TAT), reduces cerebral damage when delivered following stroke. We therefore
sought to determine whether chronic delivery of deltaV1-1-TAT improves survival from
stroke in a chronic hypertensive rat model, and whether protection in this model may be due
to deltaPKC-mediated effects on CBF, both in hypertensive animals, and in a transient focal
ischemia model. Methods: Dahl salt-sensitive rats were fed 8% salt diet from 6 weeks old to
induce systemic hypertension. Rats were treated continuously with deltaV1-1-TAT (n=16),
TAT (n=21) or saline (n=22) between 11 and 15 weeks of age using a subcutaneously
implanted osmotic pump (5uL/hr, ImM). There was no change in average blood pressure by
peptide treatment. Animals were monitored for signs of stroke, and cerebral infarctions were
confirmed at death by histological examination. To examine the role of deltaPKC in
modulating cerebrovascular activity, we determined the effect of acute treatment with
deltaV1-1-TAT peptide on CBF in a normotensive rat model of transient focal ischemia, and
in a chronic hypertension model. Acute stroke model; normotensive, male Sprague-Dawley
rats underwent 2hr MCA suture occlusion. Following ischemia CBF was monitored (n=9).
Hypertensive rat model; CBF was measured at age 9 weeks, 3 weeks following salt diet onset
(n=10). In both models, a burr hole was drilled 1mm posterior and 6mm lateral to bregma
(corresponding to ischemic territory in the MCAo model). CBF was measured using laser
Doppler. Following a baseline period of 20-30 minutes following reperfusion onset, TAT
control peptide or deltaV1-1-TAT peptide was injected by intraperitoneal bolus (0.2 mg/kg),
and CBF was monitored for an additional 20-30 minutes. Results: Chronic treatment with
deltaV1-1-TAT improved survival rate from stroke in the hypertensive rat model; 12.5% of
deltaV1-1-treated rats, 38.1% of TAT-treated rats and 40.9% of saline-treated rats died from
stroke by 15 weeks old (P<0.05 deltaV1-1-TAT vs. TAT or saline). We found that delivery of
deltaV1-1-TAT increased CBF following transient ischemia by 18+/-8% (P<0.05), but did not
alter flow in sham-treated non-ischemic animals. In hypertensive rats, however, CBF
responses were variable following delivery of deltaV1-1-TAT peptide; 50% of animals
showed an increase in flow (of these, CBF increased by 24+/-4%). The source of this
variation is currently under investigation. Conclusion: Chronic treatment with deltaV1-1-TAT
improves stroke survival in a rat model of chronic hypertension. This may be due to a
reduction in ischemic injury related to increased blood flow. In addition, an increase in CBF
was observed following delivery of deltaPKC inhibitor in a stroke model in normotensive
rats, suggesting that deltaPKC is involved in improving cerebral blood flow following stroke.
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CIRCADIAN PERIODICITY IN CEREBRAL BLOOD FLOW: STUDIES IN
NORMOTENSIVE AND TRANSGENIC HYPERTENSIVE RATS

Constantin A. Wauschkuhn, Klaus Witte?, Stefan Gorbey?, Bjérn Lemmer?,
Lothar Schilling

'Division of Neurosurgical Research, Department of Neurosurgery, University Hospital
Mannheim, University of Heidelberg, Heidelberg, Germany
Department of Pharmacology and Toxicology, Faculty of Clinical Medicine Mannheim,
University of Heidelberg, Heidelberg, Germany

Cardiovascular parameters such as arterial blood pressure (ABP) and heart rate display
pronounced circadian variation. In addition, evidence has been presented in favor of diurnal
changes of perfusion in the heart, skin, kidney, and skeletal muscle. The present study was
performed to detect whether there is a circadian periodicity in the regulation of cerebral
perfusion. Normotensive Sprague Dawley rats (SDR, appr. 15 weeks old) and hypertensive
(mREN2)27 transgenic rats (TGR, approximately 12 weeks old) were equipped in the
abdominal aorta with a blood pressure sensor coupled to a telemetry system for continuous
recording of systolic and diastolic ABP, heart rate, and locomotor activity. Five to twelve
days later, a laser-Doppler flowmetry (LDF) probe was attached to the skull by means of a
guiding device to measure changes of cerebral blood flow (CBF). After recovery from
anesthesia, continuous measurements were taken for 3 - 5 days. The time series were
analyzed with respect to the MESOR (midline estimating statistic of rhythm, i.e. the mean
value of a given period), amplitude, and acrophase (i.e. the phase angle corresponding to the
peak of a given period) of the 24h period and subharmonics including 12h, 8h, 4.8h and 4h
period length. All data are given as mean+SD with the time indicated in 24 hour format. The
circadian rhythm was the most prominent one for each parameter throughout the experiments.
In SDR the acrophases of systolic and diastolic ABP were at 04:12 h = 42 min and 02:24 h +
42 min, respectively. In the TGR the ABP signal showed its typical inverse pattern with the
maximum of the ABP occurring during light on (acrophase of systolic ABP, 09:48 h + 108
min; acrophase of diastolic ABP, 09:54 h + 144 min), i.e. during the resting phase of the
animals. The peak of the circadian periodicity in the LDF signal occurred around midnight in
both, SDR (23:54 h = 114 min) and TGR (00:48 h + 78 min), i.e. during the subjective
activity phase of the animals. The acrophase position of the LDF signal was consistently prior
to that of the locomotor activity (SDR, 01:42 h + 18 min; TGR, 1:18 h £ 66 min). The present
data suggest the presence of a circadian periodicity in the regulation of cerebral perfusion.
The generator of this periodicity is not yet known. The circadian rhythm in the LDF signal is
independent from that of the ABP since it did not follow the inverse periodicity in TGR. It is
probably also independent from locomotor activity since its peak occurred consistently prior
to that of the locomotor activity. The presence of a circadian periodicity in the CBF may have
implications for the occurrence of diurnal alterations of cerebrovascular events with a
morning peak observed in humans.
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FRACTAL PROPERTIES OF NEUROPHYSIOLOGIC SIGNALS IN RAT SOMATOSENSORY
CORTEX

Peter Herman' 2, Shaun A. Wahab**, Andras Eke', Fahmeed Hyderz’ 4
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While it is generally accepted that alternations in neuronal activity influence changes in CBF [1,2], the
common analytical approaches usually neglect the small time-dependent variations in the neurophysiological
signals and treat them as noise. It remains to be verified whether or not the measured fluctuations or
variations (i.e., inhomogeneities) in neuronal activity can affect noise-like fluctuations in CBF. The
inhomogeneities in the neuronal and vascular signals can emerge from independent events, but the possibility
of non-linear correlations cannot be excluded. To identify these possibilities in the neuronal and vascular
fluctuations, scaled windowed variance (SWV) method [3] was applied to characterize variations of
neurophysiological signals measured from layer 4 of rat somatosensory cortex [4]. Artificially ventilated rats
(male, Sprague-Dawley, n=15) were anesthetized with a-chloralose (40 mg/kg/hour). Dynamic changes in
CBF and electrical activity were measured by laser Doppler flowmetry (LDF) and extracellular Tungsten
microelectodes, respectively, during rest and forepaw stimulation (0.3ms, 2mA, 3Hz, 30s). The extracellular
signals were filtered appropriately to be separated into field and action potentials (FP, AP) and were
represented by inter-peak intervals for SWV analysis (see figure). The perfusion data were analyzed by
amplitude variations [4]. We hypothesized that fluctuations in these multi-modal signals could be either
random or time-scale invariant (i.e., fractal). The fractal nature of the signal, obtained from SWV analysis
[4], was characterized by the Hurst coefficient (H). The CBF signals were fractal and anti-persistent (i.e., the
step-by-step changes in the signal were anti-correlated with H<0.5) for all conditions (0.39+0.18, 0.40+0.17,
0.39+0.18, respectively). The AP signals proved to be fractal as well but with a positive correlation (H>0.5)
for all conditions (0.71£0.13, 0.61%0.1, 0.71+0.13, respectively). In contrast the FP signals proved to be
random (H=0.5) during pre- and post-stimulus conditions (0.51+£0.06, 0.52+0.07, respectively) and during
stimulation the signals became anti-correlated (H=0.41£0.11). In summary, during sensory stimulation the
fractal properties were partly modified for the electrical signals but not in the blood flow response. The CBF
and AP signals appeared more consistent in their deterministic behavior and may be important for
physiological modeling [1,2]. These results demonstrate that the apparently random fluctuations in local CBF
are related to the neuronal signals, and FP and AP are in fact realizations of complex processes of specific
correlation structure [5] that are influenced by sensory-induced functional activity of the brain. Supported by
NIH (DC-003710, MH-067528), NSF (DBI-0095173), and OTKA (T34122) grants. [1] Smith AJ et al
(2002) PNAS-USA 99:10765-10770 [2] Lauritzen M (2001) J Cereb Blood Flow Metab 21:1367-1383 [3]
Cannon MJ et al (1997) Physica A 241:606-16. [4] Eke A et al (2000) Pfliigers Arch - Eur J Physiol
439:403-415 [5] Eke A et al (2002) Physiol Meas 23:R1-R38.
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INTERACTIONS BETWEEN THE HEME OXYGENASE, CYCLOOXYGENASE AND
NITRIC OXIDE SYNTHASE PATHWAYS IN THE REGULATION OF THE RESTING
HYPOTHALAMIC BLOOD FLOW

Béla Horvath', LaszI6 Hortobégyi', Péter Sandor*, Zoltan Benyd?

!Institute of Human Physiology and Clinical Experimental Research, Semmelweis University,
Budapest, Hungary
%Institute of Pharmacology, Ruprecht-Karls-University, Heidelberg, Germany

The heme-oxgenase (HO) — carbon monoxide (CO) pathway has been reported to evoke
direct vascular effects and to influence other vasoregulatory mechanisms like the
cyclooxygenase (COX) and nitric oxide synthase (NOS) systems. Since the hypothalamus
expresses relatively high HO, COX and NOS levels compared to other brain regions, we have
hypothesized interactions among these pathways in the regulation of the resting local
hypothalamic tissue blood flow (HBF). Therefore, we have investigated whether inhibition of
the COX and NOS pathways influences the alterations of the HBF that develop after HO
blockade. Adult male Wistar rats were anaesthetized with 1.3 g/kg urethane. The femoral
arteries were cannulated for measurement of the mean arterial pressure (MAP) and for blood
sampling. HBF was measured by use of the hydrogen gas-clearance method. HO-blockade
was induced by ip. injection of 45 umol/kg zinc deuteroporphyrin 2,4-bis glycol (ZnDPBG).
In the first group of the animals HBF, MAP and blood gas measurements were performed
under physiological conditions. In the second and third experimental groups the animals
received diclofenac (10 mg/kg iv.) or NG-nitro-L-arginine methyl ester (L-NAME, 50 mg/kg
iv.) pretreatment in order to inhibit prostanoid- or NO-synthesis, respectively. In the fourth
group the animals received combined diclofenac and L-NAME pretreatment. In all groups
HBF values were determined before and after the pretreatment as well as after the induction
of HO-blockade. Baseline arterial pO2, pCO2 and pH values were within the physiological
range and did not change throughout the experiments. In animals pretreated with L-NAME or
with diclofenac+L-NAME the MAP was significantly higher (143+5 mmHg and 1386
mmHg, respectively) than in controls (99+5 mmHg) or after diclofenac pretreatment alone
(957 mmHg). ZnDPBG administration, however, did not influence the MAP in any of the
experimental groups. L-NAME and diclofenac+L-NAME pretreatments markedly reduced the
HBF (from 0.90+0.10 to 0.55+0.09 ml/g/min and from 0.79+0.11 to 0.44+0.11 ml/g/min,
respectively) while diclofenac alone had no significant effect (0.84+0.09 vs. 0.88+0.10
ml/g/min). ZnDPBG administration in control animals did not influence the HBF (-0.3%+4.1
%), but significantly increased it by 15.5+2.9 % after diclofenac pretreatment. In contrast,
ZnDPBG induced a marked reduction (-20.6+5.6 %) of the HBF in animals pretreated with L-
NAME. In animals receiving both diclofenac and L-NAME pretreatment the HBF remained
unchanged after ZnDPBG administration (+5.9+5.4 %). Our observations indicate that the
HO pathway interacts with both the COX and the NOS systems in the regulation of the
hypothalamic circulation. Endogenous CO production appears to increases the HBF via a
COX-dependent mechanism, but at the same time suppresses NOS activity which leads to the
reduction of HBF. These effects of CO may neutralize each other under physiological
conditions. In pathophysiological states, however, which are associated with altered COX or
NOS activity, the HO pathway may significantly influence the resting CBF. Supported by the
Hungarian OTKA (T037386, T037885) and the German DFG. Z. B. was supported by a
Marie Curie Individual Fellowship.
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EVALUATION OF THE MATHEMATICAL ASSUMPTION UNDERLYING NUMERICAL
IDENTIFICATION MODELING OF CEREBROVASCULAR PRESSURE TRANSMISSION
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Introduction: To both evaluate cerebrovascular autoregulation and provide on-going insight into
cerebrovascular pathophysiology of patients with brain injury we have been exploring the development of a
numerical identification modeling technique which uses arterial blood pressure (ABP) and intracranial
pressure (ICP) recordings. This numerical technique requires an assumed mathematical structure for the
physical process of cerebrovascular pressure transmission. We have based our assumption on a previously
proposed analog circuit model of ICP dynamics. Just as the modal frequencies, critical vibration modes, of a
tuning fork reflect its structural properties; the modal frequencies of cerebrovascular pressure transmission
reflect the structural properties of the cerebrovascular bed. To conveniently quantify cerebrovascular
pressure transmission, we chose to evaluate the highest modal frequency (HMF) which represents the highest
critical vibration frequency of transmission. The purpose of this study was to test the validity of our
mathematical assumption required for numerical identification modeling by comparing the simulations of the
analog model with those obtained by identification modeling technique generated from the same clinical
pressure recordings. Methods: Pressure recordings were obtained from 6 patients with traumatic brain injury,
a group (n=3) with mean cerebral perfusion pressure (CPP) > 50 mmHg and a group (n=3) with mean CPP <
30 mmHg. Values of HMF were computed by two methods: 1) derivation by the numerical identification
autoregressive moving average technique; and 2) derivation from the analog circuit model of ICP dynamics.
For each simulation we used a clinical ABP recording as the applied pressure source and manipulated the
parameters of the analog model to obtain a match of the: 1) simulated and numerically derived values of
HMF within 0.3 Hz; and 2) clinical and simulated ICP recordings. Results: All simulations of ICP generated
by the analog circuit model visually match the corresponding clinical ICP recording. The group of patients
with CPP >50 mmHg were assumed to have intact autoregulation with a mean cerebral blood flow (CBF) at
approximately 750 ml/min. The other patients were assumed to have impaired autoregulation with a
significantly lower mean CBF. Simulated values of intracranial compliance were found to increase with
cerebral hypoperfusion. Simulated mean values of CPP, HMF, and intracranial compliance (IC), and CBF
are given in Table 1. Conclusions: The findings of this study are: 1) simulations of ICP produced by the
analog circuit model match clinical ICP recordings for equivalent values of simulated and numerically
derived HMF; and 2) the simulated value of IC increases during impaired regulation with cerebral
hypoperfusion. These findings support the validity of the mathematical assumption required for the proposed
numerical  identification  modeling  technique of  cerebrovascular  pressure  transmission.
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INHIBITION OF THE CANNABINOID-1 RECEPTOR ENHANCES THE
CEREBROCORTICAL HYPEREMIC RESPONSE TO HYPOXIA/HYPERCAPNIA

Miriam Ishiguro®, Zsombor Lacza', Eszter M. Horvéth', Zoltan Jarai®, Péter Sandor",
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Activation of cannabinoid-1 (CB1) receptors may evoke diverse vascular effects under
physiological conditions: it has been shown to induce vasodilation but also to increase the
vascular tone by inhibition of the endothelium-derived hyperpolarizing factor (EDHF).
However, the role of CB1 receptors in certain pathophysiological states is obscure. We
hypothesized that activation of the CB1 receptors may influence the cerebral hyperemic
response to hypoxia/hypercapnia (H/H). Therefore, we investigated the effect of the CB1-
antagonist AM-251 on H/H-induced vasodilation in the cerebral cortex. Adult male Wistar
rats were anesthetized with intraperitoneal injection of 1.3 g/kg Urethane. Femoral arteries
were cannulated for monitoring arterial blood pressure and for measuring arterial blood gas
and acid-base parameters. CBF was measured in the parietal cortex simultaneously on both
sides by laser-Doppler (LD) flowmetry. H/H was induced by inhalation of different gas
mixtures. In the first step, during mild H/H, animals inhaled a gas mixture of 10%Q02-
10%C02-80%N2, which produced arterial pO2 of 75-85 mmHg and pCO2 of 50-60 mmHg.
In the second step, during moderate H/H, animals inhaled a gas mixture of 5%02-20%CO2-
75%N2, which produced arterial pO2 of 55-65 mmHg and pCO2 of 80-90 mmHg. In the third
step, during severe H/H, animals inhaled a gas mixture of 0%02-20%C02-80%N2, which
produced arterial pO2 of 45-50 mmHg and pCO2 of 90-100 mmHg. In the first experimental
group, animals were subjected to these three steps of H/H, then brought back to physiological
conditions. After steady state obtained, 10 mg/kg AM-251 was injectedintravenously,
followed by repetition of the stepwise H/H. In the second, control group the same protocol
was performed, but between the two series of H/H only the vehicle (ethanol and emulphor,
dissolved in saline) was administered intravenously. Inhalation of the different gas mixtures
induced similar changes of the blood gas tensions and acid-base parameters before and after
administration of AM-251 or its vehicle. Application of AM-251 did not alter baseline LD
flow or arterial blood pressure. AM-251 has significantly increased, however the H/H-
induced hyperemia in each step: by 30% during mild H/H, by 22% during moderate H/H, and
by 14% during severe H/H. In contrast, vehicle of AM-251 had no significant effect. H/H did
not change significantly the mean arterial pressure of the untreated or vehicle-treated animals,
but it has induced slight hypertension (11+6 mmHg) following AM-251 treatment. The
observed enhancement of the cerebrocortical hyperemic response to H/H after blockade of the
CB1 receptors indicates that during hypoxia/hypercapnia the activation of CB1 receptors
attenuates the vasodilation in the cerebral cortex. A possible explanation of these results is
that endothelial CB1 receptors suppress the production of EDHF or other vasodilator
mediators during H/H. If this is the case, increased cannabinoid levels during H/H limit the
magnitude of reactive hyperemia in the brain tissue. Alternatively, activation of neuronal CB1
receptors may also affect the cerebrocortical blood flow during H/H by influencing the
cerebral metabolic rate or the neural regulatory mechanisms of the cerebrovascular tone.
Supported by the Hungarian OTKA (T037386, T037885, D045933) and ETT (248/2003)).
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COMPARATIVE MICROCIRCULATORY EFFECTS OF INTRACAROTID VASODILATORS
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Introduction: In vitro studies suggest that, the small cerebral arteries are more sensitive to nitric oxide
synthesis inhibition1. We have observed that, intracarotid nitroprusside (NP) fails to augment cerebral blood
flow (CBF) in baboons and human subjects2,3. In contrast, NO independent drug, such as adenosine (ADO),
has a profound effect3. We therefore hypothesized that, based on their predominant mechanism of action,
NO donors (such as NP) will selectively augment diameters of proximal middle cerebral artery (MCA)
branches while NO independent drug (such as ADO) will preferentially affect the diameter of the end-pial
arteries (EPAs). Non-selective drugs, such as Ca++ channel blocker (verapamil, VER) will increase the
diameter of both the proximal-MCA branches and EPAs. Methods: Acute cranial windows were implanted
just behind the bregma over the right temporal-parietal region of New Zealand white rabbits. The dura was
reflected to expose the proximal-MCA branches. The arterial images were captured by custom build
microscope with Dage CCD camera. Hemodynamic, CBF (laser Doppler) and EEG data was captured in
real-time using a Powerlab system. All animals randomly received increasing doses of intracarotid drugs,
from 0 to 10-3M. Each infusion lasted for one minute. Peak changes in arterial diameters and CBF were
measured immediately after the cessation of infusion. There was a 45 minute period of rest between drug
challenges. Results: All three vasodilators produced a dose-dependent increase in laser Doppler blood flow,
Fig. A. There was a dose-dependent increase proximal-MCA and EPA diameters with all three drugs (Fig.
B&C). The increase in arterial diameter was more robust with VER than with ADO and NP, but there was no
difference between ADO and NP. Intracarotid injection of all three drugs resulted in significant hypotension
at the highest concentration (10-3 M, Fig. D). Discussion and Conclusions: This study reveals that
intracarotid delivery of ADO, NP and VER produces a dose-dependent increase in CBF as measured by laser
Doppler technique. VER had a more profound effect on cerebral microcirculation than ADO and NP.
However, the increase in arterial diameters did not always translate into equally proportional increase in CBF
as would be suggested by arterial diameter changes. CBF increase after intracarotid vasodilator is affected by
several factors besides their direct effect,