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NEUROPROTECTIVE EFFECT OF MEDICINAL HERBS ON CEREBRAL ISCHEMIA IN
MALE WISTAR RATS

S.S. Raza, M.M. Khan, F. Islam
Toxicology, Jamia Hamdard University, New Delhi, India

Objectives: The use of herbs to treat disease is almost universal among non- industrialized
societies. The WHO estimates that 80% of the world’s population presently uses herbal
medicine for some aspect of primary health care. Herbal medicine is a major component in all
traditional medicine systems, and a common element in Unani, Sidha, Ayurvedic and
Homeopathic systems in India.

Cerebral Ischemia induces production of oxygen free radicals and other reactive oxygen
species (Allen et. al., 2009). These react with and damage a number of cellular and extracellular
elements. Free radicals also directly initiate elements of the apoptosis cascade by means of
redox signaling . Accumulated evidence suggests that ROS can be scavenged through utilizing
natural antioxidant compounds present in foods and medicinal plants. In the present study two
herbs were used with an objective:

e To study the neurobehavioural and neurochemical changes associated with cerebral
ischemia.
o To study the efficacy of herbal extract for prevention of cerebral ischemia.

Hesperidin a flavonone glycoside (flavonoid) found abundantly in citrus fruits.It acts as an
antioxidant and anti-inflammatory agent (Galati et. al., 1994) and Silymarin, the mixture of
flavonolignans extracted from blessed milk thistle (Silybum marianum) having antioxidant
property.

Material and methods: Male Wistar rats were pretreated with oral hesperidin (25 mg/kg) and
silymarin (100, 200 and 400 mg/kg 30-min before occlusion) dissolved in normal saline and 5%
PEG respectively. The middle cerebral artery of adult male Wistar rats was occluded for 2 hr
and reperfused for 22 h as per the published method (Longa et. al., 1989) with some
modification (Salim et. al., 2003).

Results: Both were found as a good antioxidant in up-regulating the status of enzymatic and
non-enzymatic endogenous antioxidants, lowering the TBAR's level, lowering proinflammatory
cytokines level, and recovering results close to baseline with better functional and behavioural
outcome.

Conclusion: These results suggest the neuroprotective potential of hesperidin as well as
silymarin in cerebral ischemia is mediated through their antioxidant activities.
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THE BLOOD-BRAIN BARRIER IN ALZHEIMER'S DISEASE
W. Banks
Internal Medicine, VA/ University of Washington, Seattle, WA, USA

About a dozen hypotheses have suggested ways in which blood-brain barrier (BBB) structure or
function are altered in Alzheimer's disease (AD). These include disruption or loss of integrity of
the BBB, secretion of neurotoxic substances by brain endothelial cells, and altered reabsorption
of cerebrospinal fluid. New hypotheses have been put forth as the BBB is understood to be not
just a barrier, but a dynamic, regulatory interface controlling the exchange of substances
between the CNS and blood. More recently, the neurovascular hypothesis as advanced by
Zlokovic et al. states that decreased efflux of amyloid beta protein contributes significantly to the
amyloid burden of the brain. Jaeger et al. has shown that knockdown inb mice of the BBB efflux
pump protein LRP-1 results in decreased efflux of amyloid beta protein from the brain,
increased amyloid beta protein in the brain, and cognitive deficits. Inflammation induced by
lipopolysaccharide both inhibits efflux out of brain and increases influx into brain of amyloid beta
protein, providing a mechanism by which neuroinflammatory influences at the BBB could result
in increased amyloid burden in brain. The BBB plays a crucial role in determining the degree to
which potential therapeutics cross the BBB. Efflux transporters such as p-glycoproteins
influence the uptake and accumulation by brain of traditional small molecules and antibodies,
whereas saturable transporters influence the uptake of antisense oligonucleotides, peptides,
and proteins. Ghrelin, leptin, and insulin represent gastrointestinal peptides that readily cross
the BBB and have positive effects on cognition in mouse models of Alzheimer's disease.
Intranasal delivery has been shown to be effective in bypassing the BBB and delivering insulin
and exendin to the CNS in quantities sufficient to affect cognitive processes.
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CURATIVE EFFECTS OF INTRA-ARTERY THROMBOLYSISOF ACUTE ISCHEMIC STROKE
WITHIN 6~9 HOURS INFARCTION OF CAROTID ARTERIAL SYSTEM

Y. Jun, X.J. Tao, Z. Jun
Department of Neurology, Urumqi General Hospital, Lanzhou Command, PLA, Urumqi, China

Objective: To evaluate the curative effects and security of intra-artery thrombolysis for acute
infarction of carotid arterial system in 6~9 hours time window.

Methods: Analyzed retrospectively the 27 patients treated with selective intra-arterial
thrombolysis using urokinase(500 000 to 1.5 million units) within 6~9 hours after the acute
infarction of carotid arterial system. The patients were admitted from Jan 2005 to Jan 2010,
including 20 men and 7 wemen, aged from 32 to 79 years old with averge of 60 years. After
digital subtraction angiography examination, urokinase were administered locally through
microcatheters by micropump at rate of 15,000 unit/min. the total dosage of UK was 500 000
units to 1.5 million units. Angiograms were graded according to the Thrombolysis in Cerebral
Infarction (TICI) .

Results: 10 occulisons were found in internal carotid artery, 15 occulisons were found in
median cerebral artery, and 2 occulisions were found in anterior cerebral artery. After
thrombolysis, 5 cases were totally recanalized (TICIl: 3 grade), 15 cases were partially
recanalized (TICI: 2 grade), 7cases were not recanslized (TICIl: 0~1 grade). The tatal mortality
were 14.8 percent, while the ratio of recanalization were 74.1 percent. The mortality of 20
atherthrombosis patients were 0, while the ratio of recanalization were 90%. However, the
mortality of cardioembolism patients were 57.1 percent, and the ratio of recanalization were only
28.5%. Compared with prethrombolysis, the Barthel index of atherthrombosis patients increased
significantly (35.7£12.9 versus 68.3+23.7, P< 0.05), while the mRS decreased obviously
(4.0+£0.6 versus 2.311.1, P< 0.05). In comparison with prethrombolysis, no significant changes
of the Barthel index(16.4+20.6 versus 22.1+25.3, P>0.05) and mRS(4.0+1.4 versus 5.0+1.1,
P>0.05) were observed in cardioembolism patients.

Conclusion: Intra-arterial thrombolysis is a safe and effective theraputic method for acute
ischemic stroke within 6~9 hours atherthrombosis infarction of carotid arterial system.

Key words: Thrombolytic therapy; stroke; time window; internal carotid artery; anterior cerebral
artery; middle cerebral artery
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DELAYED CEREBRAL ISCHEMIA IN ASSOCIATION WITH SPREADING DEPOLARIZATION
BUT ABSENT PROXIMAL VASOSPASM AFTER ANEURYSMAL SUBARACHNOID
HEMORRHAGE

J. Woitzik', J. Dreier', N. Hecht', I. Fiss', N. Sandow', S. Major’, J. Manville?, P. Schmiedek?,
M. Diepers?, E. Muench?, H. Kasuya®, P. Vajkoczy', COSBID Study Group

"Charité - Universitatsmedizin Berlin, Berlin, 2Universitatsmedizin Mannheim, Mannheim,
Germany, *Tokyo Women's Medical University, Tokyo, Japan

Objektive: It was measured recently that clusters of spreading depolarization (SD) occur time-
locked to the development of delayed cerebral ischemia (DCI) after aneurysmal subarachnoid
hemorrhage (aSAH). Currently it is assumed that DCI is primarily induced by proximal
vasospasm. Surgical placement of nicardipine prolonged-release implants (NPRIs) has been
shown to significantly reduce proximal vasospasm and DCI.

Aim: In the present study, we tested in 13 patients with major aSAH whether DCI is associated
with SD when proximal vasospam is abolished by NPRIs.

Patients and methods: After clipping of the ruptured aneurysm, 10 nicardipine prolonged
release implants were placed next to the proximal intracranial vasculature. SDs were recorded
using a subdural 6-contact strip electrode. SD-associated changes of tissue partial pressure of
oxygen (ptiO;) and perfusion changes were measured with a Clark type probe and thermal-
diffusion regional cerebral blood flow probe. The degree of proximal vasospasm was assessed
by digital subtraction angiography. DCI was assessed by repeated neurological examinations
and repeated CT and/or MRI scans.

Results: 534 SDs were recorded in 10 of 13 patients (77%). Digital subtraction angiography
revealed no vasospasm in 7 of 13 patients (53%) and mild or moderate vasospasm in 3 patients
each (23%). Five patients developed DCI. In three of these patients, clusters of SD occurred
and serial neuroimaging revealed delayed ischemic stroke although proximal vasospasm was
absent. There was no significant correlation between the degree of proximal vasospasm and the
occurrence of DCI. In contrast, the number of SDs and the total duration of the
electrocorticographic depression period correlated significantly with the occurrence of DCI.

Conclusion: Our findings confirm that DCI is associated with SD and provide evidence that
SDs occur abundantly after aSAH even if proximal vasospasm is significantly reduced or
abolished. The persistence of SDs may explain, at least partially, why robust reduction of
proximal vasospasm has not been sufficient in the clinic to improve outcome.
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INHIBITION OF VEGF SIGNALING PATHWAY ATTENUATES HEMORRHAGIC
TRANSFORMATION AFTER THROMBOLYTIC TREATMENT IN RATS

T. Shimohata', M. Kanazawa', H. Igarashi?, T. Takahashi', K. Kawamura', A. Kakita®, H.
Takahashi®, T. Nakada®, M. Nishizawa'

"Department of Neurology, Department of Center for Integrated Human Brain Science,
*Department of Pathological Neuroscience Resource Branch for Brain Disease Research,
“Department of Pathology, Brain Research Institute, Niigata University, Niigata, Japan

Objective: To investigate whether inhibition of vascular endothelial growth factor (VEGF)
signaling pathway can attenuate hemorrhagic transformation (HT) after tissue plasminogen
activator (tPA) treatment.

Background: The benefits of tPA thrombolysis are heavily dependent on time to treatment, and
use of tPA may be associated with HT, especially when tPA is administered beyond the
therapeutic time window. An angiogenic factor, VEGF, might be associated with the blood-brain
barrier (BBB) disruption after focal cerebral ischemia: however, it remains unknown whether HT
after tPA treatment is related to the activation of VEGF signaling pathway in BBB.

Methods: Rats subjected to acute cerebral ischemia by injection of autologous thrombi (Okubo
S, et al. 2007) were assigned to a permanent ischemia group and groups treated with tPA (10
mg/kg) at 1 h or 4 h after ischemia. Anti-VEGF neutralizing antibody (RB-222) or control
antibody was administered simultaneously with tPA. At 24 h after ischemia, we evaluated the
effects of the antibody on the VEGF expression, matrix metalloproteinase-9 (MMP-9) activation,
degradation of BBB components (type IV collagen, endothelial barrier antigen), and HT.
Outcomes at 24 h after ischemia were scored using the 5-point motor function scale (Anderson
M, et al. 1999).

Results: Delayed tPA treatment at 4 h after ischemia promoted expression of VEGF in BBB,
MMP-9 activation, degradation of BBB components, and induction of HT. Compared with tPA
and control antibody, combination treatment with tPA and the anti-VEGF neutralizing antibody
significantly attenuated VEGF expression in BBB, MMP-9 activation, degradation of BBB
components, and HT. It also improved motor outcome and mortality at 24 h after ischemia (P =
0.001 and P = 0.007, respectively).

Conclusions: The therapeutic time window of tPA prolonged by the anti-VEGF neutralizing
antibody. Inhibition of VEGF signaling pathway will be a promising therapeutic strategy for
attenuating HT after tPA treatment.
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TRANSLATIONAL REPROGRAMMING TO STRESS RESPONSES AFTER BRAIN
ISCHEMIA

D.J. DeGracia
Department of Physiology, Wayne State University, Detroit, Ml, USA

2011 is the 40th anniversary of Hossmann and colleague's[1] discovery of protein synthesis
inhibition in reperfused neurons. Subsequent work established that protein synthesis remained
inhibited, decoupled from energy charge, in neurons destined for delayed neuronal death after
both focal and global ischemia. The translation block contributed to delayed neuronal death, at
least partly, by preventing translation of pro-survival mMRNAs such as c-fos or hsp70.

The Burda et al.[2] demonstration that eukaryotic initiation factor 2 was phosphorylated during
early reperfusion opened investigations of ribosome regulation that eventually vindicated
Paschen's suggestion[3] that post-ischemic translation arrest was part of the neuronal
intracellular stress response. However, the molecular biology of ribosome regulation could not
explain the persistent translation arrest.

Seminal work by Hu and colleagues[4] revealed that masses of ubiquinated proteins aggregated
in post-ischemic neurons, providing insight into upstream triggers leading to expression of the
heat shock response, and to the realization that stress response effectors could succumb to
protein aggregation. Hence, the mechanism of co-translational aggregation, where ribosomes
and associated cofactors are damaged, was advanced to explain the persistent shut-off of
protein synthesis in the selectively vulnerable neurons.

Our lab has continued to investigate the post-ischemic neuronal intracellular stress response.
Advances in molecular biology have revealed the complexity of mRNA regulation when cells
experience exogenous stressors. Our investigations of mRNA-containing structures in
reperfused neurons have shown that ribosome regulation is only the initiating step in the stress
response program. We have shown that mRNA transforms into cytosolic structures, mRNA
granules, which separate the mRNA from the ribosomes[5]. The mRNA granules persist until
the death of selectively vulnerable neurons. The composition of the mRNA granules correlates
with whether or not the cell is capable of the selective translation of pro-survival mRNAs such as
hsp70. Our current work indicates that the persistent translation arrest is due, at least in part, to
a dysfunction in the control and handling of mRNA in selectively vulnerable neurons due to
alterations in mMRNA binding proteins such as HuR. The dysfunction in mRNA handling appears
to occur in parallel to co-translational aggregation. Thus at least two major mechanisms
contribute to persistent translation arrest in vulnerable neurons.
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ELECRTOENCEPHELOGRAPHIC (EEG) & MINI MENTAL STATE EXAMINATION (MMSE)
FINDINGS AMONG HIV POSITIVE PATIENTS

J.K. Adam', C. Kelbe?, D. Kelbe?, M. Botha', W. Rmaih'

"Biomedical and Clinical Technology, Durban University of Technology, Durban, *Neurology,
Bay Hospital, Richards Bay, South Africa

Objective: To study the role of Folstein's Mini Mental State Examination (MMSE) and the
Electroencephalogram (EEG) in the clinical evaluation of patients at risk of cognitive impairment
in HIV disease.

Methods: 80 HIV-positive patients were categorized into 2 groups according to their current
immune status (HIV or AIDS). Group 1 consists of asymptomatic HIV-seropositive individuals
(HIV) with CD4 counts above 200 cells/ml°, and group 2 consists of individuals with Acquired
Immunodeficiency Syndrome (AIDS) with CD4 counts below 200 cells/ml°. 36 were males and
44 were females, ranging between the ages of 18 - 60 years were recruited from The Bay
Hospital, Richards Bay, Kwa-Zulu Natal, South Africa. Demographically, 99% of the patients
selected were Black and 1% Caucasian. For the detection of cognitive impairment in each
patient, MMSE and EEG were performed. The EEG findings were then correlated with results of
MMSE, immunosuppression, opportunistic infections, medication (Highly Active Antiretroviral
Therapy) and disease classification.

Results: MMSE was significantly associated with the EEG results (P=0.008),
immunosuppression (P=0.016), opportunistic infections (P=0.018), and disease classification
(P=0.030). EEG did not associate with immunosuppression (P=0.838), opportunistic infections
(P=0.074), and disease classification (P=0.259). Neither the MMSE nor the EEG were
associated with HAART intake. The mean MMSE score for the AIDS group was 24, marginally
less than that of the matched HIV group scoring 27. 21 patients had a score less than 24,
indicative of dementia. EEG was abnormal in 16 patients and borderline in 8 cases.

Conclusion: MMSE may be a sensitive test in detecting cognitive impairment and monitoring its
course in AIDS/HIV. EEG abnormalities may indicate a risk of HIV cognitive impairment in
otherwise stable individuals.

Keywords: EEG, MMSE, HIV, AIDS
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MAGNETIC RESONANCE PERFUSION IMAGING OF RESTING-STATE CEREBRAL BLOOD
FLOW IN PRECLINICAL HUNTINGTON'S DISEASE

R. Wolf', G. Grén?, F. Sambataro®, N. Vasic?, N. Osterfeld*, P. Thomann®, B. Landwehrmeyer?,
M. Orth?

"Department of General Psychiatry, University of Heidelberg, Heidelberg, *University of Ulm,
Ulm, Germany, 3Italian Institute of Technology, Parma, Italy, “Central Institute of Mental Health,
Mannheim, °University of Heidelberg, Heidelberg, Germany

Introduction: Several functional neuroimaging studies have suggested that task-related brain
activation differences in clinically pre-symptomatic carriers of the Huntington's disease (preHD)
could serve as biomarkers for future clinical trials. However, little is known about brain perfusion
physiology in preHD during the brain's resting-state.

Methods: We assessed differences in baseline regional cerebral blood flow (rCBF) using a
novel magnetic resonance imaging (MRI) method based on perfusion images obtained with
continuous arterial spin labeling (cASL) in 18 healthy controls and 18 preHD individuals. High-
resolution structural MRI data was collected in order to test for early changes of brain volume.

Results: Compared to healthy controls, preHD individuals showed decreased rCBF in regions
of the prefrontal cortex (Brodmann areas 5, 9, 9/46 and 10). PreHD individuals near to symptom
onset additionally showed decreased rCBF in the left putamen. Increased rCBF in preHD was
found in the bilateral precuneus and the right hippocampus. RCBF network analyses revealed
an abnormal pattern of spatiotemporal covariance in the left dorsolateral prefrontal cortex in
preHD far and near to motor onset. rCBF changes in the medial and lateral prefrontal cortices
were associated with measures of cognition. Compared to healthy controls, preHD individuals
showed decreased grey matter volume in the medial frontal gyrus (BA 10).

Conclusions: These data suggest early and focal cortical changes of frontostriatal baseline
perfusion in preHD independent of early reductions of grey matter volume. This study also
demonstrates the feasibility of detecting individually quantifiable rCBF changes in preHD with a
robust and stable MRI-technique that would be suitable to longitudinal multi-site application.
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INTRODUCTION
A. Meisel
Neurology, NeuroCure Clinical Research Center, Charite Universitdtsmedizin, Berlin, Germany

Glucose is the main source of energy for the mammalian brain. The main consumers of energy
in the brain are neurons. Since neurons are largely intolerant against changes in energy supply,
regulation of glucose metabolism is essential for brain function. The rationale for this
symposium is to highlight the multifaceted role and regulation of glucose metabolism in the CNS
as well as pathophysiological consequences. Mechanisms have evolved to counteract
imbalances in metabolic and oxygen supplies. We will focus on several highly relevant
mechanisms:

1) regulation of the glucose metabolism and energy homeostasis of the organism by the CNS;
2) regulation of cerebral blood flow by glucose metabolism;

3) intercellular regulation of metabolism and

4) regulation of neuronal cell death by glycolytic enzymes. Insights into mechanisms keeping

metabolic homeostasis in the brain might provide new potential therapeutic approaches for
treatment of neurodegenerative diseases as well as CNS tumors.
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CAPILLARY By s 42 AMYLOID CORRELATES WITH NFTS, AND LRP POSITIVE
CAPILLARIES IN THE CALCARINE CORTEX OF ALZHEIMER BRAINS

B. Jeynes', J. Provias?

"Faculty of Applied Health Sciences, Brock University, St. Catharines, ?HHS Department of
Pathology and Molecular Medicine, McMaster University, Hamilton, ON, Canada

Objective: The correlation of parenchymal and vascular amyloid deposition and the
pathogenesis of neurofibrillary tangles in Alzheimer's disease remains an area of intense
research. This study was undertaken to examine a quantitative relationship between capillary
amyloid deposition and the densities of neurofibrillary tangles [NFTs] and lipoprotein receptor-
related protein [LRP] positive capillaries within the calcarine cortex of Alzheimer [AD] brains.

Methods: Cortical samples were taken from the calcarine cortex of ten confirmed, using Braak
& Braak staging and CERAD level criteria, AD brains. Coronal sections were cut, with multiple
contiguous sections for each case, and stained using immunohistochemistry techniques for tau
protein, beta- amyloid n-terminus 4 & 427and LRP. Segments of cortex were randomly selected in
each case and section areas of ten field- diameters, contiguous, full and of comparable cortical
widths were observed at 250x magnification. The densities of neurofibrillary tangles [NFTs] and
Bs & 42 and LRP positive capillaries were recorded. Density data was analyzed using
Spearman's non-parametric statistical analysis.

Results: Our results indicate that there is a positive correlation between the density of NFTs
and the densities of both B49 & 42 positive capillaries in the calcarine cortex of AD brains. In
addition, we observed that there were also positive correlations between the densities of B4g s 42
and LRP positive capillaries.

Conclusions: Based on these results we infer that there may be a pathogenic association
between capillary amyloid burden and the pathogenesis of NFTs. Further we also infer that LRP
may facilitate amyloid accumulation within cerebral capillaries.
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OLIGOVASCULAR SIGNALING IN CNS PHYSIOLOGY AND PATHOLOGY
K. Arai

Radiology and Neurology, Massachusetts General Hospital/Harvard Medical School,
Charlestown, MA, USA

Pathophysiologic responses in brain after central nervous system (CNS) diseases are highly
complex. Over the past several decades, study of CNS physiology and pathology has focused
on intra-neuronal mechanisms. In recent years, however, this neuron-based model has
gradually shifted to a more integrated paradigm that highlights cell-cell interactions. In this
regard, the concept of the neurovascular unit emphasizes the importance of multiple brain cell
types in many CNS diseases. Within this conceptual framework, brain function and dysfunction
are manifested at the level of cell-cell signaling between neuronal, glial and vascular elements.
In particular, attention has focused on the study of how cerebral blood vessels and brain cells
communicate with each other. Traditionally, cerebral endothelial cells have been thought as
inert pipes for blood flow to the brain. But, emerging data now suggest that the cerebrovascular
system does not merely provide inert plumbing to deliver blood for the brain. Instead, cerebral
endothelial cells may comprise a rich source of molecular signaling that contributes to brain
homeostasis and function. The most well-documented example of these endothelial-brain
interactions comprise the neurovascular niche. It is now accepted that cell-cell signaling
between cerebral endothelium and neuronal precursor cells help mediate and sustain pockets of
ongoing neurogenesis and angiogenesis in adult brain. Although data are strongest in terms of
supporting endothelial-neuronal interactions, it is likely that similar interactions occur in white
matter as well. White matter damage is a clinically important part of several CNS diseases such
as stroke. However, compared to the mechanisms of neuronal injury in gray matter, white
matter pathophysiology remains relatively understudied and poorly understood. This
presentation aims at summarizing recent advances in the dissection of cell-cell interactions in
white matter. First, the basic steps involved in oligodendrocyte (OLG) maturation will be
introduced. OLG is one of the major cell types in the CNS white matter, and OLG
differentiation/maturation in adult brain is an important event for white matter maintenance and
repair. Next, we will overview the phenomena of white matter damage in CNS diseases
especially for stroke. Under ischemic conditions, several deleterious signal cascades are
activated and OLGs eventually die. On the other hand, in the penumbra, the number of
oligodendrocyte precursor cells (OPCs) may even increase as the brain attempts to repair itself.
Finally, we will survey recent data to support the idea that cell-cell trophic coupling in white
matter is critical for maintaining white matter homeostasis. We will mainly discuss the interaction
between cerebral endothelium and OLG/OPC (i.e. oligovascular signaling). Trophic interactions
between vessels and OLG/OPC play critical roles in white matter homeostasis. In turn, cell-cell
trophic coupling is disturbed under diseased conditions that incur oxidative stress, and this may
contribute to white matter injury. Taken together, a deeper understanding of the mechanisms of
oligovascular signaling in normal and pathologic conditions may lead us to new therapeutic
targets for stroke and other neurodegenerative diseases.
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DECOMPRESSIVE CRANIECTOMY AS AN EFFICIENT TREATMENT OPTION FOR
TRAUMATIC BRAIN INJURY: OUR EXPERIENCE

G. Bunc', J. Ravnik', M. Vorsic', T. Velnar"?

"Department of Neurosurgery, University Medical Centre Maribor, Maribor, ?Department of
Neurosurgery, University Medical Centre Ljubljana, Ljubljana, Slovenia

Objectives: In 10% to 15% of patients after severe traumatic brain injury (STBI) the intracranial
pressure rises significantly and does not react to conservative treatment or to external
ventricular drainage placement. Patients with intracranial pressure (ICP) higher than 20mmHg
not responding to intensive care measurements, show higher morbidity and mortality. In such
cases, decompressive craniectomy (DC) may be employed for lowering the elevated ICP.
Prospective studies lack sufficient data about DC outcome with regard to conservative
treatment. The aim of this study was to analyse our experience with DC in treatment of STBI.

Methods: The retrospective study at the University Medical Centre, Maribor, Slovenia was
conducted from 2005 to 2008. Patients with STBI were included (Glasgow Coma Scale rated
from 3 to 8) in whom DC was performed due to a rise in ICP that was not responsive to
conservative measurements. A classical, mostly unilateral DC of 10cm in diameter was
performed. After the DC, ICP and CPP were continuously monitored. Success of the treatment
was rated by GOSE score (Glasgow Outcome Scale Extended) at patient discharge and during
follow-up. All postoperative complications and timing of DC were reviewed. The success of
treatment was rated according to patients' age, initial GCS (Glasgow Coma Scale) and the time
from injury to DC.

Results: From 2005 to 2008, 118 patients with severe brain injury were treated. DC was
employed in 14 patients, 43% of patients died, 14% remained in persistent vegetative state and
7% severely disabled. A favourable treatment outcome was achieved in 36%. Rated by GOSE
score (GOSE 1 to 4), poor treatment outcome was observed in 64% (average GOSE 1.4) and
favourable in 36% (average GOSE 6.5). Before and after DC, the average ICP has fallen from
(46 £ 19)mmHg to (17 = 11)mmHg, respectively (p=0.003). Patients treated by DC later than 24
hours after injury, those with GCS rated from 6 to 8 (p=0.0038) and those younger than 50
years, had a better treatment outcome.

Conclusions: To date, no prospective, randomised and controlled studies relating to DC in
severe brain injuries were performed. Although a straightforward comparison among them is not
possible due to the various parameters they considered, they all demonstrated a successful
treatment outcome on patients' survival after DC, ranging from 16% to 69%. The results of our
study showed 43% mortality. Among the surviving patients, a favourable outcome was
documented in 50% and a poor outcome in the other 50%. Using GOSE, a successful outcome
was observed in 36% and a poor outcome in 64%. These results are thus comparable to those
reported in other retrospective studies. The disadvantage of our study is that only a small
number of patients treated by DC were included. DC effectively reduces the rise in ICP following
a severe brain injury. Patients with lower neurological dysfunction and patients younger than 50
years benefit the most.



41

LUMBOPERITONEAL SHUNT MIGRATION: FROM LUMBAR SPINE TO THE AMBIENS
CISTERN

G. Bunc', J. Ravnik', M. Vorsic', T. Velnar"?

"Department of Neurosurgery, University Medical Centre Maribor, Maribor, ?Department of
Neurosurgery, University Medical Centre Ljubljana, Ljubljana, Slovenia

Objectives: Displacement of the distal end of lumboperitoneal shunt from the peritoneal cavity
and migration proximally is a rare complication. We report a case of lumboperitoneal shunt
failure where migration of the catheter into the ambiens cistern took place.

Methods: A 19-year old patient was admitted due to a severe traumatic brain injury. On
admission, he was unconscious. CT scan showed diffuse cerebral oedema with contusional
haematomas. One month after the admission, posttraumatic hydrocephalus was diagnosed and
LP shunt was inserted in order to avoid the infected wound at the neck region. After initial
improvement, the ventricles widened again and neurological recovery deteriorated, requiring VP
shunting procedure. In the meantime, the infected wound in the neck was properly healed
allowing safe insertion of the VP shunt.

Results: The patient recovered well after the VP shunt insertion. After a few months of
rehabilitation he was able to speak and walk by assistance. A slight left sided hemiparesis was
present.

Conclusions: LP shunt may be a convenient alternative to VP shunt for treating communicating
hydrocephalus. Causes of LP shunt failure include infection, obstruction and displacement with
migration of the tube distally or proximally. The patient has had the LP shunt inserted because
of the infected wound at the neck region not allowing to safely perform the VP shunt when
posttraumatic hydrocephalus was diagnosed. The mechanism for proximal shunt migration may
result from rotational and lateral movements of lumbar spine and flexion and extension of the
head and neck, causing steady upward migration of the catheter. In our case, loosening of the
anchoring sutures and higher intraabdominal and respiratory pressure during the early phase of
patient’s recovery from the unconscious state may have influenced the intradural pressure and
cerebrospinal fluid flow. Acting as a windlass, they may cause the proximal migration of the LP
shunt. We believe the LP shunt must be fixed properly with suture collars to the subcutaneous
tissue at three locations: I) where lumbar portion comes out of the thoracolumbar fascia, Il) at
the centre portion at flank and Ill) at abdominal incision site. This in particular is necessary for
the one-piece LP systems.
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SUPPRESSION OF NFKB SIGNALING PATHWAY BY EPIGALLOCATECHIN GALLATE
ATTENUATES DIABETIC ENCEPHALOPATHY

A. Kuhad, K. Chopra
University Institute of Pharmaceutical Sciences, Panjab University, Chandigarh, India

Objective: Diabetes mellitus produces numerous neurophysiological and structural changes in
the brain and it is associated with moderate cognitive deficits. The etiology of diabetes
associated cognitive decline is multifactorial and involves insulin receptor down regulation,
neuronal apoptosis and glutamatergic neurotransmission. The study was designed to evaluate
the impact of epigallocatechin gallate on cognitive function and neuroinflammatory cascade in
streptozotocin-induced diabetes.

Research design & method: Streptozotocin-induced diabetic rats were treated with
epigallocatechin gallate or with vehicle for 10 weeks. Morris water maze was used for
behavioral assessment of memory. Cytoplasmic and nuclear fractions of cerebral cortex and
hippocampus were prepared for the quantification of acetylcholinestrease activity, oxidative-
nitrosative stress (lipid peroxidation, superoxide dismutase, catalase, non protein thiols, total
nitric oxide), tumor necrosis factor-alpha (TNF-a), interleukin-1beta (IL-1B), p56 subunit of NFkf3
and caspase-3.

Results: After 10 weeks of steptozotocin injection, the rats produced significant increase in
transfer latency which was coupled with enhanced acetylcholinestrease activity, increased
oxidative-nitrosative stress, TNF-a, IL-1B, caspase-3 activity in cytoplasmic lysate and active
p65 subunit of NFkp in nuclear lysate of cerebral cortex and hippocampus regions of diabetic rat
brain. Interestingly, co-administration of epigallocatechin gallate significantly and dose-
dependently prevented behavioral, biochemical and molecular changes associated with
diabetes. Moreover, diabetic rats treated with insulin-epigallocatechin gallate combination
produced more pronounced effect on molecular parameters as compared to their per se groups.

Conclusions: Collectively, the data reveal that activation of NFkB signaling pathway is
associated with diabetes induced cognitive impairment and point towards the therapeutic
potential of epigallocatechin gallate in diabetic encephalopathy.
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BENEFICIAL ACTIVATION OF MICROGLIA BY POST-MECHANICAL INJURY
ASTROCYTES IN VITRO ENHANCES THE PRODUCTION AND RELEASE OF BDNF
THROUGH P38 MAPK

H. Yang', Z. Liang? J. Li', Q. Yao', G. Ju', S.-W. You', Groups of Neural Regeneration and
Neurodengenerative Diseases

"The Fourth Military Medical University, Xi'an, China, 2Emory University, Atlanta, GA, USA

It has long been promulgated that microglial cells serve entirely beneficial versus detrimental
dialectic role in central nerve system (CNS). However, the capability of inducing neuroprotection
by harboring elevated trophic factors and BDNF in particular following traumatic CNS injury has
become a crucial but elusive issue. Also a gap still remains in understanding of the cellular and
molecular mechanisms that contribute to the beneficial endogenous neuroprotection. In this
study, we demonstrate the possibility that some diffusible factors from post-mechanical injury
astrocytes can evoke elevation of BDNF synthesis/release by beneficial activation of microglial
cells, and the microglia-derived BDNF can exert a demonstrable biological role in promoting
dorsal root ganglion ( DRG ) neurite outgrowth and intimate contact with microglia. Furthermore,
the post-injury astrocytes-evoked synthesis and secretion of BDNF in microglia could be
dependent on the activation of p38 MAPK signaling pathway. Inhibition of the p38MAPK by
SB203580 could reduce BDNF level, and reversely activation of p38MAPK by anisomycin
increased BDNF levels. The above results indicate the neuroprotective potential of microglial
source for the increased BDNF levels after activation mainly caused by microenvironmental
soluble molecules released from injured astrocytes, and BDNF production and release from
microglia is up-regulated through mediation of 38-MAPK-signaling pathway. Therefore, seeking
to discover these molecules that contribute importantly to the beneficial activation of microglia
might be a novel clinical therapeutic strategy for CNS injury or neurodegenerative disease.
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PRESURGICAL LOCALIZATION OF EPILEPTIC FOCI IN TEMPORAL LOBE EPILEPSY
COMPLICATING WITH DEPRESSIVE DISORDERS AND 3 YEARS FOLLOW-UP

L. Kangyong', G. Yihui?, Z. Jimin®, X. Heding*, Z. Ting", D. Qiaoying®, L. Ligin? Z. Ling®, S.
Liwei®, W. Chen?, S. Bomin®, S. Xiaojiang'

"Shanghai JiaoTong University Affiliated Sixth People's Hospital, ?Fudan University Affiliated
Huashan Hospital, *Fudan University Affiliated Fifth People's Hospital, *Shanghai Mental and
Healthy Center, °Shanghai JiaoTong University Affiliated Ruijin Hospital, Shanghai, China

Objective: To evaluate the values of video-EEG, MRI and FDG-PET in the localization of
epileptic foci in temporal lobe epilepsy complicating with depressive disorders and to discuss
the relationship between improvements in depressive disorders and localization of surgery.

Methods: Pre-surgical examinations of video-EEG, MRI and FEG-PET of 60 patients were
analyzed. The values of video-EEG, MRI and FDG-PET in the pre-surgical evaluation in
temporal lobe epilepsy were compared based on the postsurgical results of seizure control. The
parameters mainly including HAMA, HAMD and ADL were observed and analyzed pre-surgery
and post-surgery in order to discuss the effects of surgery for depressive disorders.

Results:

1) MRI was able to distinguish normal brain structure from lesions. Patients with hippocampal
sclerosis in MRI demonstrated a good seizure control after surgery. The sensitivity of interictal
PET was higher than MRI for the localization of temporal lobe epilepsy. Usually the area of
hypometabolism in PET was larger than the epileptic foci.

2) To all the patients underwent surgery, HAMD was improved significantly compared to that of
pre-surgery (P< 0.05). Surprisingly, it is important that HAMD of patients with epileptic foci in
left temporal lobe and hippocampus is higher than those with epileptic foci in right temporal lobe
and hippocampus (P< 0.001).

Conclusions:

1) Combination of video-EEG, PET and MRI improved the accuracy of localization of epileptic
foci and reduced the need of intracranial recording.

2) Incision the epileptic foci accurately not only controlled the seizures, but also improved the
symptoms of the depressive disorders.

Key words: Temporal lope epilepsy; Epileptic foci; EEG; MRI; FDG-PET
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THE ROLE AND MECHANISM OF AUTOPHAGY-LYSOSOMAL PATHWAY IN THE BRAIN
ISCHEMIC INJURY MODEL OF RATS

L. Kangyong', Z. Ting?, S. Liwei', S. Jijun®, W. Fen®, Z. Yunjiao', L. Qiang?, Z. Ling', S.
Xiaojiang
'Fudan University Affiliated Fifth People's Hospital, °Shanghai JiaoTong University Affiliated

Sixth People's Hospital, Shanghai, *Soochow University Affiliated Second Hospital, “Department
of Neurobiology, Soochow University, Suzhou, China

Objective: This study used the rat brain ischemic injury model to investigate whether the
autophagy-lysosomal pathway plays a key role after brain ischemic injury(BIl) and explore the
proboble mechanisim.

Methods: First, building the brain ischemic damage model of rats with thread bolt method. Then
Induction of autophagy is manifested by accumulation of autophagosomes (APs), observable
under transmission electron microscopy (EM). Two hallmarks of autophagy, i.e., the
microtubule-associated protein light chain 3 (LC3)-Il and the autophagy-related gene ATG12-
ATG5 conjugates, were explored by biochemical and confocal microscopic analyses of brain
tissues. Meanwhile, we introduce rapamycin -inducer of autophagy to exert on the model rat to
explore the changes of LC3-Il and ATG12-ATG5 conjugates.

Results: Under EM, both APs and autolysosomes were markedly accumulated in neurons from
4 h onward after Bll. Western blot analysis showed that ATG12-ATGS5 conjugate was markedly
redistributed during 3 to 14 days in brain tissues after BIl. LC3-Il conjugate was initially
unchanged but was drastically upregulated from 24 h onward in the pre-AP-containing fraction
after Bll. LC3-ll immunostaining was mainly located in living neurons under confocal
microscopy. Rapamycin not only improve the ischemic symptoms model rats but also upgrade
the level of LC3-1l and ATG12-ATG5 conjugates.

Conclusion: These results clearly show that the autophagy-lysosomal pathway is persistently
activated after Bll. Because the autophagy-lysosomal pathway is the chief machinery for bulk
elimination of aberrant cell components, we propose that activation of this pathway serves as a
protective mechanism for maintaining cellular homeostasis after BII.

Key words: Brain ischemic injury,autophagy, LC3-1l , ATG12-ATG5
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CEREBRAL TRANSPLANTATION OF VESICULAR MONOAMINE TRANSPORTER-2
TRANSGENE DECORATED CELL IN TREATING MONKEYS WITH PARKINSON'S DISEASE

L. Kangyong'?, S. Liwei?, Z. Ting', C. Yanbo®, W. Fen?, T. Jin*, Z. Yunjiao?, Z. Ling?, S.
Xiaojiang'
"'Shanghai JiaoTong University Affiliated Sixth People's Hospital, ?Fudan University Affiliated

Fifth People's Hospital, Shanghai, *Xuzhou Medical College, Xuzhou, *Soochow University,
Suzhou, China

Background: VMAT2 and DAT have direct impacts on the DA transportion and its adjustment
of cytoplasmic concentration, the impaired VMAT2 cannot effectively act its function to limit the
endogenous and exogenous toxic damage to the mitochondria, leading to monoaminergic
neuron degradation. However, if effective measures to enhance gene expression can be taken,
the increase in the expression of exogenous VMAT2 in the substantia nigra dopaminergic
neurons can be administered for an effective treatment of PD.

Objective: Evaluation of VMAT2 gene-modified cells for the treatment of Parkinson’s disease,
as well as the role of dopamine metabolism.

Methods:

1) To establish unilateral monkey model of PD by injecting MPTP unilaterally into the internal
carotid artery. To slowly inject MPTP along with the direction of internal carotid artery blood
flow, observe the Parkinson’s disease-like symptoms of monkey and make a video recording
after injection for two weeks, and determine the successful model through behaviors and EMG;

2) VMAT2 gene cloning, VMAT2 gene restructuring Plasmid was transfected into monkey skin
fibroblasts and engineering cell lines expressing of VMAT2 gene were established through the
SV40 virus gene transformation;

3) To implant VMAT2 gene-modified cells into specific target of brain in monkeys with
Parkinson’s disease by stereotactic technology, we observed alterations in behavior, histology
and the content of dopamine in cerebrospinal fluid; and effects on brain metabolism and
cognitive function, immune rejection as well as short-term and long-term therapeutic effects.

Results:

1) Western Blot showed that VMAT2 expression significantly enhance in monkey skin
fibroblasts after transgenes;

2) Motor and non-motor symptoms were significantly improved and the content of DA species in
cerebrospinal fluid increased in post-transplanted PD monkeys;

3) SPECT results indicated that VMATZ2 imaging increased clearly.

Conclusion: All engineered cells with VMAT2 gene expressed human VMAT2 gene in vitro and
vivo, meanwhile, engineering cells stocked in the PD monkey brain and played a role in the
treatment of Parkinson’s disease by stereotactic technology implanting into specific target of PD
monkey brain.



Keywords: PD monkey ,VMAT2, MPTP, DAT, DA
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3-N-BUTYLPHTHALIDE (NBP) PROTECTS PC12 CELLS AGAINST MPP+-INDUCED
CYTOTOXICITY BY UP-REGULATION OF AUTOPHAGY

L. Kangyong'?, Z. Ting', Z. Ling? S. Jijun®, S. Liwei?, S. Xiaojiang'

"Shanghai JiaoTong University Affiliated Sixth People's Hospital, Fudan University Affiliated
Fifth People's Hospital, Shanghai, *Soochow University Affiliated Second Hospital, Suzhou,
China

Background: Autophagy is a key and highly conserved degradation pathway for the turnover of
dysfunctional organelles or aggregated proteins in cells. Wasted intracellular macromolecules
are delivered to lysosomes, where they are degraded into biologically active monomers such as
amino acids that are subsequently recycled to maintain cellular metabolic turnover and
homeostasis. Autophagosomes and autolysosomes are induced in acute and chronic
neurological disorders including stroke, brain trauma, Parkinson's disease (PD) and other
neurodegenerative diseases. The l-isomer of 3-n-butylphthalide (NBP) was extracted as a pure
component from seeds of Apium graveolens Linn. Synthesized dI-NBP received approval by the
State Food and Drug Administration of China for clinical use in stroke patients in 2002. Previous
studies showed that NBP had beneficial effect on stroke through multiple actions.

Objective: The aim of this study was to investigate the neuroprotective effect of 3-n-
butylphthalide (NBP) on cell damage caused by MPP+ and explore the probable mechanism.

Methods:
(1) MTT assay was used to measure cell vitality;
(2) LC3-Il and a-synuclein expression were detected by Western Blot;

(3) Alterations in position between cytoplasm and nucelus, the expression of LC3-ll and a-
synuclein and its co-localization were assayed through fluorescence microscopy;

(4) Changes in autophagosome formation, lysosomes, and apoptotic bodies were observed by
TEM.

Results: MTT results showed that NBP, to certain extent, to resist cell viability decreased
induced by MPP+(P< 0.05); NBP could increase the expression of LC3-ll(P< 0.001), and
reduced a-synuclein (P< 0.05); The fluorescent signal for NBP -induced LC3-Il up-regulation
and the reduced a-synuclein could be seen; Electron microscopy showed increased
autophagosome formation induced by NBP.

Conclusion: These results suggest that neurotoxin, MPP+ causes the aggregation of a-
synuclein and damages the PC12 cells, and NBP may have a neuroprotective effect for PD cell
model induced by MPP+ through enhancing LC3-Il expression and up-regulating the level of
autophagy to resist the oxidative stress.

Keywords: Parkinson’s disease, a-synuclein, autophagy, NBP
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PROLONGED DRAINAGE REDUCES THE RECURRENCE OF CHRONIC SUBDURAL
HEMATOMA

G.J. Yu, C.Z. Han, M. Zhang, H.T. Zhuang, Y.G. Jiang
Qingdao Haici Hospital, Qingdao, China

Background: Recurrence of chronic subdural hematoma (CSH) is a significant problem in
neurosurgical practice. Various risk factors associated with patient's characteristics and the
pathogenesis of CSH have been investigated in many studies, but controversial findings are not
uncommon. Therefore we made a retrospectively investigation focusing mainly on the factors
associated with surgical techniques. in order to find out the factors which may affect the
recurrence rate of CSH.

Methods: The medical records of 97 consecutive patients with 121 CSHs, who were treated
with burr-hole craniostomy and continuous drainage, were retrospectively reviewed. The
relationships between the recurrence rate and some factors associated with surgery, such as
location of burr-hole, thickness of residual hematoma, location of drainage -catheter,
intracapsular air postsurgery, duration of drainage were investigated.

Results: The average recurrence rate was 6.6% in this whole series. For patients with less than
three days of drainage, the recurrence rate was16.3%, whereas for those with 3 and more days
of drainage, the recurrence rate was only 1.3%. The duration of drainage significantly related to
recurrence rate. In addition, a higher recurrence rate seemed to be associated with more
intracapsular air postsurgery, but it did not reach statistically significant level in this study.
Prolonged duration of drainage did not increase the frequency of infection in this series.

Conclusion: We found in this study that the duration of drainage play an important role in the
treatment of CSH and three full days of drainage seems to be necessary, especially for patients
of 60 years and over. We presumed that it takes at least 3 days of drainage for outer membrane
of CSH to get the restoration of a normal balance between coagulation and fibrinolysis after
surgery, which is necessary for termination of the vicious cycle and resolution of the hematoma.
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F18-FDG PET/CT COULD LOCALIZE HYPERMETABOLIC CERVICAL MUSCLES IN A
PATIENT AFFECTED BY IDIOPATHIC CERVICAL DYSTONIA.

B. Paghera, F. Caobelli, F. Motta, R. Giubbini
Nuclear Medicine, University of Brescia, Brescia, Italy

Objectives: Idiopathic cervical dystonia (ICD) is characterized by an abnormal head and neck
posture attributable to involuntary tonic or phasic contractions of neck muscles [1].
Electromyography (EMG) is the most widely used method to identify dystonic muscles in ICD;
however, not every neck muscle can be explored with a needle electrode and its accurate
placement is often difficult in patients with a severe dystonic posture. F18-FDG PET/CT
provides both metabolic and anatomic information on hypermetabolic lesions and may be useful
to localize dystonic skeletal muscles showing enhanced F18-FDG uptake due to sustained
contraction.

Methods: A 51 year-old woman without evidence of an identifiable cause of secondary dystonia
was referred to our Nuclear Medicine Department to undergo a brain F18-FDG PET/CT for
suspected metabolic alterations in basal ganglia. She suffered rotational torticollis and right
laterocollis, not relieved despite conventional muscle relaxant therapy. We performed a brain
F18-FDG PET/CT 30 min after intravenous injection of 181 MBq F18-FDG.

Results: Brain uptake was unremarkable, whereas an increased F18-FDG uptake was
observed in right trapezius and right longus colli muscle (fig.1). After a neurological clinical re-
evaluation, a diagnosis of ICD was made according to international standard criteria [2] and the
patient underwent BT therapy on the affected muscles with a clear symptoms regression.



[fig. 1]

Conclusion: Skeletal muscle F18-FDG rest accumulation is relatively low, although even in
healthy subjects, variable symmetric uptake may be observed in head and neck muscles
because of stress-induced muscle tension [3]. In our case, F18-FDG uptake by cervical muscles
was asymmetric and unilateral. Since our patient was not under muscle relaxant medications
and she was in a sitting position with her head and neck in the usual abnormal involuntary
posture, the observed hypermetabolic character of the cervical muscles can be interpreted as
being a result of involuntary active contraction.F18-FDG PET/CT may be a non-invasive
alternative to EMG to identify dystonic cervical muscles and this identification could lead to
successful clinical results after targeted intramuscular BT treatment [4].
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Figure legend
Fig.1: from up to down, coronal, sagittal and transaxial CT images (line A), PET images (line B)

and fused PET/CT images (line C). The hypermetabolic longus colli muscle is evidenced by
white triangle.
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THE EFFECT OF INTRAHIPPOCAMPAL INJECTION OF ASCORBIC ASID ON SPATIAL
LEARNING AND MEMORY IN ADULT MALE RATS

K. Esmaeilpour Bezenjani'?, Y. Masoumi Ardakani'?, M. Abbasnejad?

"Kerman Neuroscience Research Center (KNRC), Department of Biology, Faculty of Sciences,
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Introduction: Ascorbic acid (AA) is present in high concentration with heterogeneous
distribution in mammalian brain. Previous studies have shown that release of various
neurotransmitters such as the glutamate, acetylcholine and dopamine might be involved in the
central AA release. On the other hand all of this neurotransmitters and CA1 are involved in
learning and memory so; the aim of the present study is to evaluate the effect of
intrahippocampal (CA1) administration of ascorbic acid on spatial learning and memory in adult
male rats.

Methods: 42 adult male NMRI rats (250-300g) in 6 groups were used in this study including:
control group (no injection), sham-operated group received normal saline as vehicle, four
groups received different doses of ascorbic acid (6,12,24and48ug/rat). All injections were given
in 5 consecutive days, 30 min after each injection, Morris Water Maze, was used as a method to
measure learning and memory task, spatial learning and memory parameters were subjected to
analysis of variance (ANOVA).

Results: The results indicated intrahippocampal microinjection of AA (12 and 24 ug/rat)
significantly enhanced some spatial learning and memory parameters such as, escape latency
and path length to reach the hidden platform.

Conclusion: Our findings show that AA into the CA1 have a decreasing effect on spatial
learning and memory.
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MOLECULAR CHAPERONES AND MITOCHONDRIAL FUNCTION AFTER BRAIN
ISCHEMIA

R. Giffard, L. Xu, L. Voloboueva, Y.-B. Ouyang
Anesethesia, Stanford University, Stanford, CA, USA

Objectives: Mitochondrial dysfunction contributes to ischemic brain injury both by production of
increased free radicals and oxidative stress, especially during reperfusion, and by reducing the
availability of ATP for essential cellular functions. Molecular chaperones, members of the heat
shock protein 70 family in particular, have been studied by several labs and shown to protect
the brain from both focal and global ischemia. We have studied the ability of Hsp70 family
members to protect from ischemia both in vitro and in vivo, and have identified several settings
in which members of this family can contribute to mitochondrial protection.

Methods: Primary astrocyte and neuronal cultures, neurosphere cell culture, forebrain and focal
cerebral ischemic models were used in the experiments. Live fluorescence imaging was used
for mitochondrial membrane potential, free radicals and free calcium measurement.
Mitochondrial respiration was measured using an oxygen electrode and complex activities were
assayed spectrophotometrically. Immunohistochemistry and Immunoblotting were done as
routine.

Results: While the best known function of these chaperones is facilitating protein folding and
binding unfolded proteins, it has become clear that the cytosolic localized Hsp72 can influence a
variety of cell compartments and functions to improve cell survival. In addition to protecting
mitochondria by reducing stress in the cytosolic compartment, Hsp72 also has anti-inflammatory
effects and reduces oxidative stress. Several pro-inflammatory cytokines are known to inhibit
mitochondrial function. Grp75/mortalin is the mitochondrial localized member of the Hsp70
family, and it too can reduce ischemic brain injury and improve mitochondrial function under
stress, in vitro and in vivo. These effects include protection from reduced activity, protection of
mitochondrial membrane potential and reduced generation of free radicals. We have previously
shown that in global ischemia astrocytes in the CA1 region of hippocampus suffer oxidative
stress and loss of glutamate transporter 1, which feeds back and contributes to neuronal cell
death. Overexpression of either Hsp72 or the mitochondrial antioxidant enzyme SOD2
preserves astrocyte function and neuronal survival. Lastly we investigated the contribution of
mitochondrial dysfunction to reduced neurogenesis under stress conditions. We observe that
the doublecortin positive young neurons are especially vulnerable to mitochondrial inhibition,
and that they can be protected by overexpression of the mitochondrial chaperone Grp75.

Conclusions: Mitochondrial protection due to overexpression of molecular chaperones can
contribute to preservation of neurogenesis as well as protection of astrocytes and neurons from
ischemic injury.
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KLEBSIELLA PNEUMONIAE B5055 INDUCED MOUSE MODEL OF SEPSIS ASSOCIATED
BRAIN INFLAMMATION IN BALB/C MICE: AN EXPERIMENTAL MODEL

V. Kumar', V. Malhotra?®

1Department of Biochemistry, Queen's University, Kingston, ON, Canada, 2Malhotra Diagnostic
Laboratory, Chandigarh, India

Background: Autopsy studies from septic patients reveal various cerebral lesions including
ischemia, hemorrhage, microthrombi, microabscesses, multifocal necrotizing
leukoencephalopathy and bacterial invasion of nervous system.

Objective: No such animal model of sepsis has been developed which in true sense represents
the brain inflammation associated with evolving sepsis. Present study comprises of
development of a mouse model of sepsis induced brain inflammation.

Methods: A mouse model of sepsis associated brain inflammation was developed by directly
placing a selected dose (102 cfu) of Klebsiella pneumoniae B5055 entrapped in fibrin-thrombin
clot into the peritoneal cavity of mice. Various cytokines (i.e. IL-1a, TNF-a, IL-10) and other
inflammatory markers [i.e malondialdehyde (MDA), myeloperoxidase (MPO) and nitric oxide
(NO)] in serum and brain were estimated by ELISA, biochemical methods and histopathology.

Results: Establishment of bacterial colonies in brain led to significant (p< 0.05) increase in
neutrophil infiltration into the brain along with significantly (p< 0.05) increased levels of pro-
inflammatory cytokines (TNF-a and IL-1a) in comparison to IL-10 levels and other inflammatory
mediators like NO, MDA and MPO. Also the animals survived till 5" day of post sepsis
development.

Conclusion: This mouse model of sepsis induced brain inflammation may prove helpful to
study immunopathogenesis of brain inflammation observed during bacterial sepsis and may
also prove helpful to study behavioral changes associated with sepsis.
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MRI STUDY IN PSYCHOPATH AND NON PSYCHOPATH OFFENDERS
A.A. Calzada Reyes
Cognitive Neuroscience, Cuban Neuroscience Center, Havana, Cuba

Previous studies have suggest that the psychopathy is associated with structural and functional
abnormalities in fronto-temporo-limbic regions, but most structural findings have been isolated
and not yet replicated, is unclear whether findings are apply only to psychopathic or violent
behaviours in general. The current study used IBASPM for segmentation of structural MRI
images to compared 44 grey matter volume symmetrical regions of both brain hemispheres and
evaluate the CC morphometry in 97 extreme violent offenders, 29 psychopaths and 68 non
psychopaths and and 73 healthy non violent men. Both violent groups exhibited decreased total
gray matter volume, right inferior orbitofrontal gyrus, right middle cingulate, cuneus, and lingual
gyrus bilaterally and increased volume in right rolandic operculum and postcentral areas.
Compared to controls the psychopath group displayed reduction in right superior orbitofrontal
gyrus, left putamen and increased volume left inferior parietal gyrus. Reduced grey matter
volume in non psychopath offenders was detected left middle frontal and middle occipital gyri
compared to controls. Not differences between psychopath and non psychopaths group were
found. The length of the CC did not differ significantly among the groups studied, while one
increase corpus callosal thickness in violent group was found. Analyses of total score PCL-R
scale revealed negative associations with brain volumes of key regions implicated in
psychopathic behaviour. VBM analysis of gray matter revealed areas of atrophies in the
thalamus bilaterally and in the left hippocampus in violent group. These findings provide new
evidence for neuroanatomical differences in violent individuals but also suggest that fronto-
limbic-striatal system and inferior parietal region morphometric abnormalities may underlie the
poor inhibitory control, moral decision-making and reward/punishment deficits associated with
psychopathy.
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EDARAVONE INHIBITS DNA PEROXIDATION AND NEURONAL CELL DEATH IN
NEONATAL HYPOXIC-ISCHEMIC ENCEPHALOPATHY MODEL RAT

M. Itoh, Y. Takizawa, Y.I. Goto
National Center of Neurology and Psychiatry, Kodaira, Japan

Objective: Neonatal hypoxic-ischemic encephalopathy (HIE) is the most frequent neurological
disease in the perinatal period. The major cause of neonatal HIE is oxidative stress, which
induces DNA peroxidation and apoptotic neuronal death.

Methods and results: We examined 8-hydroxy-2'-deoxyguanosine (8-OHdG) expression to
evaluate brain damage in neonatal HIE' and the therapeutic effect of edaravone, a free radical
scavenger®®. Using high-performance liquid chromatography and immunohistochemistry, the 8-
OHdG levels of neonatal HIE model Sprague-Dawley rats which were subjected to left common
carotid artery ligation and 2-hour hypoxia®, significantly increased after 24-48 hours of Hl insult,
but decreased after 72 hours. Moreover, the number of apoptotic cells with terminal
deoxynucleotidyl transferase-mediated dUTP nick end labeling and karyorrhexis significantly
increased after 24-72 hours of HI insult. In a therapeutic experiment, edaravone was
administered intraperitoneally (9 mg/kg) after HI insult every 24 hours. Edaravone reduced both
the apoptotic neuronal cell number and 8-OHdG expression after 24-48 hours of HI. From a
double immunofluorescent study, DNA peroxidation occurred in apoptotic neuronal cells with 8-
OHdG expression.

Conclusion: Edaravone may inhibit the number of apoptotic neuronal cells and 8-OHdG
expression within 48 hours after HI insult.
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ASSESSMENT OF MILD DEGENERATIVE DEMENTIA WITH [11C]DTBZ AND [11C]PIB
POSITRON EMISSION TOMOGRAPHY
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"Neurology, University of Michigan, >°GRECC, VAAAHS, *Radiology, *Psychiatry, University of
Michigan, Ann Arbor, MI, USA

Objectives: We assessed the relationship between consensus clinical diagnostic classification
and neurochemical positron emission tomography (PET) imaging of striatal vesicular
monoamine transporters (VMAT2) and cerebrocortical deposition of aB-amyloid in mild
degenerative dementia.

Methods: 76 subjects with mild dementia (MMSE > 18) underwent a conventional clinical
evaluation followed by [''C]dihydrotetrabenazine (DTBZ) PET imaging of striatal VMAT2 and
['"C]Pittsburgh compound-B (PiB) PET imaging of cerebrocortical aB-amyloid deposition.
Clinical and psychometric evaluations were based on the Uniform Data Set (UDS) of the
National Alzheimer Coordinating Center (NACC). Clinical classifications were assigned by
consensus of an experienced clinician panel using conventional criteria. PET imaging data were
not used for clinical classification. Neuroimaging classifications were assigned as Alzheimer
disease (AD), Frontotemporal dementia (FTD), or Dementia with Lewy bodies (DLB) on the
basis of the combined [''C]DTBZ and [''C]PiB results.

Results: Thirty six subjects were classified clinically as mild AD, 26 as FTD, and 8 as DLB.
There were only modest or insignificant differences in demographic, clinical, and psychometric
features between the 3 clinically classified subject groups. PET neuroimaging classifications
consisted of AD in 46, FTD in 15 and DLB in 15 subjects. There was only moderate agreement
between clinical consensus and PET neuroimaging classifications across all dementia subtypes,
with discordant classifications in approximately 33% of subjects (Cohen's k = 0.46). Discordant
classifications were least frequent in clinical consensus AD (20%), followed by DLB (29%), and
were most common in FTD (58%). When subjects were compared by neuroimaging
classification, there were only modest or insignificant differences in demographic, clinical, or
psychometric features of each group. Similarly, comparison of subjects with discordant clinical-
neuroimaging classifications and concordant clinical-neuroimaging failed to reveal any marked
differences in demographic, clinical, or psychometric features of groups.

Conclusions: Accurate clinical classification of mild neurodegenerative dementia is
challenging. PET can distinguish subgroups corresponding to neurochemically-defined
pathologies, and may augment clinical classification. This may be useful in disease-modifying
therapeutic trials and other prospective research involving subjects in the early stages of
neurodegenerative dementias.
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TREATMENT OF ISCHEMIC STROKE BY INO IN RODENTS - PROOF OF CONCEPT
N.A. Terpolilli'?, S.W. Kim? S. Thal?, N. Plesnila®

"Neurosurgery, 2Institute for Surgical Research, Munich University, Munich, Germany, Royal
College of Surgeons in Ireland, Dublin, Ireland

Our laboratory demonstrated that inhalation of nitric oxide (NO) dilates cerebral vessels in areas
of diminished pO2. We therefore hypothesized that NO supplied by inhalation is released via an
oxygen-tension- dependent mechanism preferentially depositing NO in regions of low perfusion.
In order to test this hypothesis, cerebral blood flow was lowered to 30% of baseline by carotid
banding. Under these conditions, NO release shifts to the arteriolar side and, subsequently,
increases blood flow. Following experimental cerebral ischemia iNO selectively dilates arterioles
in the ischemic penumbra, thereby increasing collateral blood flow and reducing brain damage
after transient and permanent middle cerebral artery occlusion by ~40%. This translated into a
significantly better neurological outcome 7 days after experimental ischemic stroke. Cerebral
autoregulation, endogenous NO synthase expression, and bleeding time were not affected by
long term NO inhalation.

iINO may thus provide a completely novel strategy to improve penumbral blood flow and
neuronal survival in stroke or other ischemic conditions.

Since ischemia is one of the major mechanisms leading to secondary brain damage after
traumatic brain injury (TBI) we hypothesised that inhaled NO (iNO) also acts within the traumatic
penumbra, redistributing the blood flow to areas in need and thereby reducing peri-contusional
ischemia and secondary brain damage after TBI. After experimental controlled cortical impact
(CCI) trauma iNO singificantly reduced intracranial hypertension while improving cerebral blood
flow in mice. Furthermore, lesion volume 24h after CCl was significantly improved by NO
inhalation when it was started within one hour after trauma. Analog to the data obtained after
ischemic stroke iNO significantly improved functional outcome after traumatic brain injury.
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FREE RADICAL SCAVENGER EDARAVONE ADMINISTRATION PROTECTS AGAINST
TISSUE PLASMINOGEN ACTIVATOR INDUCED OXIDATIVE STRESS AND BLOOD BRAIN
BARRIER DAMAGE

V. Lukic-Panin, K. Deguchi, T. Yamashita, J. Shang, X. Zhang, F. Tian, N. Liu, H. Kawai, T.
Matsuura, K. Abe

Okayama University, Okayama, Japan

One of the therapeutics for acute cerebral ischemia is tissue plasminogen activator (t-PA).
Using t-PA after 3 hour time window increases the chances of hemorrhage, involving multiple
mechanisms. In order to show possible mechanisms of t-PA toxicity and the effect of the free
radical scavenger edaravone, we administered vehicle, plasmin, and t-PA into intact rat cortex,
and edaravone intravenously. Plasmin and t-PA damaged rat brain with the most prominent
injury in t-PA group on 4-HNE, HEL, and 8-OHdG immunostainings. Such brain damage was
strongly decreased in t-PA plus edaravone group. For the neurovascular unit immunostainings,
occludin and collagen IV expression was decreased in single plasmin or t-PA group, which was
recovered in t-PA plus edaravone group. In contrast, matrix metalloproteinase-9 intensity was
the strongest in t-PA group, less in plasmin, and was the least prominent in t-PA plus edaravone
group. In vitro data showed a strong damage to tight junctions for occludin and claudin 5 in both
administration groups, while there were no changes for endothelial (NAGO) and perivascular
(GFAP) stainings. Such damage to tight junctions was recovered in t-PA plus edaravone group
with similar recovery in Sodium-Fluorescein permeability assay. Administration of t-PA caused
oxidative stress damage to lipids, proteins and DNA, and led to disruption of outer parts of
neurovascular unit, greater than the effect in plasmin administration. Additive edaravone
ameliorated such an oxidative damage by t-PA with protecting outer layers of blood-brain barrier
(in vivo) and tight junctions (in vitro).
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THROMBIN TOXICITY CONTRIBUTES TO NEUROVASCULAR DAMAGE DURING ACUTE
ISCHEMIA

B. Chen'? Q. Cheng? P.D. Lyden'?

"Neurology, Cedars-Sinai Medical Center, Los Angeles, ?Neuroscience, University of California,
San Diego, La Jolla, CA, USA

Objectives: Ischemic stroke is caused by sudden loss of blood flow to the brain and results in
massive neuronal and vascular injury. The exact mechanism of ischemic cell death is not fully
understood. Here we test the hypothesis that thrombin, a blood-derived coagulation factor,
might cause blood-brain barrier disruption and the subsequent neuronal death by activating
protease activated receptor-1 (PAR-1).

Methods: Ischemic stroke was induced in adult Sprague Dawley rat by occluding the middle
cerebral artery for 4 hours followed by a short reperfusion. 2MDa FITC-dextran was injected to
label severe vascular disruption. Using the syringe pump, thrombin, thrombin inhibitor, PAR-1
agonist peptide, and/or PAR-1 antagonist, were infused during ischemia. Brain tissues were
fixed and sectioned for immunohistochemistry examination.

Results: Intraarterial thrombin infusion caused significant increase in both vascular leakage
labeled by FITC-dextran and cell death labeled by TUNEL staining, whereas intravenous
infusion of argatroban, a direct thrombin inhibitor, reduced such damage. Immunostaining
showed thrombin accumulation in ischemic brain region adjacent to vascular disruption. Double
staining of thrombin and cell type specific antibodies revealed significant thrombin association
with neurons. Evidence of PAR-1 activation were found in the ischemic region as well. Infusion
of PAR-1 agonist peptide TFLLR mimicked the thrombin toxicity on neurovascular unit, and
PAR-1 antagonist SCH79797 significantly decreased the number of damaged vessels and
neuronal cells.



FITC-dextran

[thrombin associated with neurons in ischemic brain]

Conclusions: Thrombin contributes to ischemic injury during acute stroke by activating cellular
receptors in neurovascular unit.
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USE OF POPULATION-DERIVED INPUT FUNCTIONS AND VENOUS BLOOD SAMPLING
FOR L-[1-""CILEUCINE PET DETERMINATION OF REGIONAL RATES OF CEREBRAL
PROTEIN SYNTHESIS

G. Tomasi', C.B. Smith?, K.C. Schmidt?

"Comprehensive Cancer Imaging Center, Imperial College Faculty of Medicine, Hammersmith
Hospital, London, UK, *Section on Neuroadaptation and Protein Metabolism, National Institute
of Mental Health, Bethesda, MD, USA

Objectives: The L-[1-"'C]leucine PET method (1,2) for determination of regional rates of
cerebral protein synthesis (rCPS) requires measurement in arterial blood of total C-11 (Cbha*),
"CO,, plasma ["'C]leucine (Cpa*) and plasma leucine (Cpa). As a possible alternative to arterial
blood sampling, we investigated the use of population-derived input functions together with a
limited number of venous blood samples for estimating rCPS.

Methods: We generated normalized population time-activity curves (TACs), Cpa*_pop and
Cba*_pop, from the averages of measured Cpa* and Cba* TACs (normalized by injected
dose/body weight) from 12 conscious control subjects. Arterial blood ''CO, was set to zero. We
tested population-derived input functions in 6 propofol-anesthetized subjects with fragile X
syndrome. In the test subjects, complete arterial blood sampling was carried out. We also drew
3-4 venous samples at 15-30 min intervals and measured total blood C-11 (Cbv*), plasma
[""C]leucine (Cpv*), and plasma leucine (Cpv).

We calculated rCPS in 11 regions-of-interest (ROIs) using spectral analysis with iterative filter
(SAIF) (3) with the measured individual arterial plasma and whole blood TACs. These rCPS
estimates were regarded as the “true” ones and were compared with rCPS values determined
with population-derived input functions. We used two approaches:

A: For each test subject, measured venous samples were employed to scale Cpa*_pop by
multiplying it by mean [Cpv*(t)/Cpa*_pop(t)] to obtain individual plasma TACs (Cp*_indiv).
Cba*_pop was scaled by mean [Cbv*(t;)/Cba*_pop(t;)] to obtain Cb*_indiv.

B: We accounted for lag of venous plasma behind arterial plasma by scaling Cpa*_pop by mean
[Cpv*(t)/Cpa*_pop(t-D)] to obtain Cp*_indiv, where D is the best-fitting arterial-to-venous
plasma delay, averaged across the 6 subjects. The same method was employed to derive
Cb*_indiv.

The input functions Cp*_indiv and Cb*_indiv obtained with Methods A and B were used with
SAIF to estimate kinetic model parameters, and mean [Cpv(t)] was used as the unlabeled
plasma leucine concentration to determine rCPS.

Results: Method A yielded good rCPS estimates, with mean absolute error of 5.4% and mean
bias of +4.5% (Fig 1A). Method B provided better results (Fig 1B) with mean absolute error of
4.6% and negligible bias (-1.3%). In Figure 1A & B, the X-axes represent “true” rCPS values
and the Y-axes represent rCPS estimated by means of Methods A and B, respectively. Lines of
identity are shown in blue. The difference between arterial and venous plasma leucine
concentrations accounts for some of the error. Mean absolute difference between Cpa and Cpv
was 1.9%.



Conclusions: These preliminary results suggest that use of population-derived arterial plasma
and whole blood TACs along with venous blood samples may provide good estimates of rCPS
at the ROl level. They also suggest that rCPS estimates are improved by including correction for
arterial-to-venous delay.

[Figure 1]

References:
(1) Smith et al.,JCBFM 2005;25:629-40.
(2) Schmidt et al.,JCBFM 2005;25:617-28.

(3) Veronese et al.,JCBFM 2010;30:1460-76.
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ROLES OF THE KEAP1/NRF2 SYSTEM IN THE REGULATION OF PENTOSE-PHOSPHATE
PATHWAY ACTIVITY IN ASTROGLIA CULTURED IN HIGH GLUCOSE ENVIRONMENTS

S. Takahashi, Y. Izawa, N. Suzuki
Department of Neurology, Keio University School of Medicine, Tokyo, Japan

Objectives: Cultured astroglia respond to acutely increasing glucose concentrations by
enhancing pentose-phosphate pathway (PPP) activity to reduce reactive oxygen species (ROS)
toxicity (1). The high-glucose environments associated with diabetes mellitus may have
deteriorating effects on brain parenchymal cells (i.e., neurons and astroglia) as well as vascular
endothelial cells. PPP is a minor pathway (contributing approximately 2-3%) of glucose
metabolism that generates NADPH, which in turn increases the reduced form of glutathione
(GSH) to detoxify ROS through the activity of glutathione peroxidase. A rate-limiting enzyme of
PPP, G6PDH is regulated by both allosteric and transcriptional mechanisms. The Keap1/Nrf2
system is a master regulator of phase-2 detoxifying enzymes, including G6PDH (2). We
investigated the roles of the Keap1/Nrf2 system in the regulation of PPP activity in astroglia
cultured in high-glucose environments.

Methods: Cultured astroglial cells were prepared from newborn Sprague-Dawley rats (3). Cells
were cultured in DMEM with 10% FBS containing 5 mM glucose for 10 days. Then, the cells
were exposed to sulforaphane (10 uM), a Nrf2 activator, thapsigargin (1 pM), an ER stress
inducer, or hexosamine (1-10 mM), a precursor of N-acetylglucosamine generated through the
hexosamine biosynthetic pathway (HBP), another minor pathway of glucose metabolism. PPP
activity was measured using a modification of the method described by Hothersall et al (4).
Briefly, cells were incubated with tracer doses of [1-'*C]glucose or [6-"*C]glucose for 60 min and
the difference between '*CO, derived from [1-"*C]glucose and [6-'*C]glucose was thought to be
an indicator of PPP activity. Bip expression, an ER stress indicator, or the translocation of Nrf2
from the cytosol to the nucleus was assessed using immunohistochemistry. The ROS
production rates were assessed semiquantitatively using the fluorescent intracellular ROS
indicator H,DCFDA (5).

Results: Fifteen hours of exposure to sulforaphane caused the translocation of Nrf2 from the
cytosol to the nucleus without inducing Bip expression. Both thapsigargin and hexosamine
induced Bip expression and Nrf2 translocation. All three drugs enhanced the PPP activities by
70-90% and reduced the ROS production rates by 10-30%.

Conclusions: PPP activity in astroglia is regulated by the Nrf2-mediated transcription of
G6PDH. High-glucose environments could induce N-acetylglucosamine synthesis through an
increased flux into HBS, which induces the abnormal glycosylation of proteins and triggers ER
stress. Hexosamine did, indeed, induce ER stress, as evidenced by the enhanced Bip
expression in cultured astroglia. Nrf2 reportedly is a direct substrate of PERK, an ER stress
transducer protein kinase (6), and the phosphorylation of Nrf2 facilitates its dissociation from the
adaptor protein Keap1 and its translocation to the nucleus. Finally, hexosamine induced PPP
activation and ROS reduction in a dose-dependent manner. These findings indicate that the
Keap1/Nrf2 system plays important roles in the regulation of PPP activity in astroglia, which may
exert a protective role against ROS toxicity in high-glucose environments.
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PREDICTION OF MOTOR FUNCTION BY DIFFUSION TENSOR TRACTOGRAPHY IN
PATIENTS WITH BASAL GANGLION HEMORRHAGE

P. Zheng, J.-S. Zeng, Y.-J. Guo, G.-Y. Li
Neurosurgery, Shanghai Pudong New Area People's Hospital, Shanghai, China

Introduction: Hemorrhagic stroke is one of the leading causes of death and the most common
cause of long-term adult disability. An accurate estimation of prognosis is very important for
hemorrhagic stroke patients. Impairment of motor function caused by pyramidal tracts injury is
common in these patients. Here, we performed a MR diffusion tensor tractography (DTT) to
predict the impairment of motor function in patients with basal ganglion hemorrhage and explore
its clinical value.

Methods: DTT was performed in 33 patients with basal ganglia hemorrhage within two weeks
after onset. To visualize the course of pyramidal tracts and classify patients into four groups
according to the fiber ratio of PTs, calculated by dividing the number of the PT number of the
affected hemisphere by that of the unaffected hemisphere as follows: type A, the fiber ratio was
less than 1/4; type B, less than 1/2; type C, more than 1/2 and type D, more than 3/4. The
motricity index of upper extremity (UMI) was used to evaluate the motor function at onset and
after six months of onset. UMI scores of different groups were compared among the different
groups and a Spearman analysis was performed to correlate the UMI scores with different
integrity of pyramidal tracts.

Results: There were no differences in the UMI scores at onset among the four groups (p>0.05).
The UMI scores obtained at 6 months after onset were significantly unequal and influenced by
the DTT type (p< 0.05). There was a significant correlation between the integrity of the
pyramidal tracts and the UMI scores after 6 month of onset (r=0.7312, p< 0.05).

Fiber Fiber
. . . . ” UMI scores 6
Case number in number in Fiber ratio Initial UMI
Group months after
number affected unaffected |group scores
. . onset
hemisphere |hemisphere
A 4 41+15 208+21 <1/4 8.61+5.07* |46.38+15.64
B 11 87114 226+18 <1/2 8.76+4.93* 68.30+10.70#
C 12 124+22 219+29 >1/2 9.70+6.96* |78.81+12.89#
D 6 198+18 232+23 >3/4 10.72+9.89* 84.00+12.02#
[UMI scores distributed among different DTT types]

Conclusion: There was a positive correlation between the integrity grade of pyramidal tracts



and the motor function, showing that the more seriously pyramidal tracts damaged, the worse
the motor function was. The DTT findings of pyramidal tract in acute cerebral hemorrhage may
valuably predict the motor function outcome.
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DETERMINATION OF TIME-COURSE CHANGE RATE FOR ARTERIAL XENON USING THE
TIME COURSE OF TISSUE XENON CONCENTRATION IN XENON CT
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'R&D, Anzai Medical Co., Ltd., 2Department of Neurosurgery, Toho University School of
Medicine, Tokyo, *Department of Internal Medicine, Division of Gastroenterology and
Hepatology, St. Marianna University School of Medicine, Kawasaki, Japan

Introduction: In calculating tissue blood flow (TBF), such as cerebral blood flow (CBF),
according to the Fick principle, time-course information on arterial tracer concentration is
indispensable and has a considerable influence on the accuracy of calculated TBF. In TBF
measurement by xenon CT (Xe-CT), non-radioactive xenon gas is administered by inhalation as
a tracer, and end-tidal xenon is used as a substitute for arterial xenon. There has been the
assumption that the time-course change rate for end-tidal xenon concentration (Ke) and that for
arterial xenon concentration (Ka) are substantially equal. Respiratory gas sampling is non-
invasive to the patient and Ke can be easily measured by exponential curve fitting to end-tidal
xenon concentrations. However, it is pointed out that there would be a large difference between
Ke and Ka in many cases. In Xe-CT, accurate Ka determination would be the key to
establishing quantitativeness.

Purpose: The goal of this work was to develop a method of determining the Ka value using the
time course of tissue xenon concentration in Xe-CT.

Methods: We incorporated Ka into the Kety autoradiographic equation as a parameter to be
solved, and developed a method of least squares to obtain the solution for Ka from the time-
course changes in xenon concentration in the tissue. We applied this method of least squares to
the data from Xe-CT abdominal studies performed on 17 patients; the solution for Ka was found
pixel by pixel in the spleen, and its Ka map was created for each patient. Xe-CT cerebral studies
were also performed on a healthy man at different ages (28 and 32 years), and Ka and CBF
maps were created.

Results: On one hand, we obtained the average value of the Ka map of the spleen as the
calculated Ka (Ka_calc) for each patient. On the other hand, we measured Ka (Ka_meas) using
the time-course changes in CT enhancement in the abdominal aorta for each patient (Fig. 1).



[Fig. 1]

There was a good correlation between Ka_calc and Ka_meas (r = 0.966, P< 0.0001), and these
two values were close to each other (Ka_calc = 0.935 x Ka_meas + 0.089). This demonstrates
that Ka_calc would be close to the true Ka value. In the cerebral studies on the same subject,
there was a considerable decrease in the Ka_calc value (1.07 to 0.85 min™) although CBF
values were close, suggesting a reduction in the diffusing capacity of the lung (Fig. 2).



[Fig. 2]

Conclusions: Accuracy of TBF by Xe-CT can be improved with use of the average value of the
Ka map of an organ like the spleen or the brain that has a single blood supply (only arterial
inflow). Quantitativeness of CBF images by means of the proposed method could not be
influenced by the pulmonary functions of the patient because of no use of respiratory xenon
data in obtaining Ka, and therefore, the applicability of Xe-CT/CBF would be widened besides
its increase in accuracy.
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EVENT RELATED POTENTIALS (ERP) IN STRESS AND NONSTRESS CONDITIONS
BEFORE AND AFTER CHRONIC EXERCISE
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Medicine, Istanbul, Turkey

Introduction: Stress is a common condition for life. Exercise training alters stress response.
Event Related Potential (ERP) is a quantitative parameter to evaluate stress response. Salivary
cortisol is a noninvasive and valid parameter in clinical stress research. It is interesting to
investigate exercise training's effect on stress response with ERP, cortisol and blood pressure.

Objective: In this study our objective is to investigate the chronic exercise's effect on stress
response.

Method: Volunteers were included in a chronic exercise program consisted of 60 minute
walking three times a week for eight months. Cardiometabolic parameters were measured and
ERPs, salivary cortisol levels and blood pressure responses with and without cold stress
conditions were recorded before and after exercise intervention. Twenty volunteers aged
between 26-56 were included in the study. Cold stress was applied by immersing one hand into
10°C cold water. Electroencephalographic activity was measured with BrainAmp (Brain Vision,
Germany) from 32 recording sites with electrodes referenced to ear lobe . Electrooculographic
(EOG) activity was recorded bipolarly with electrodes placed at the outer canthus and below the
eye. Artefacts were eliminated by manual method after automatic ocular correction. ERPs were
recorded with mismatch negativity and novelty paradigms. In mismatch paradigm, which
evaluates preattentive process of cognition, two different auditory stimuli (S1, S2) and in novelty
paradigm which evaluates automatic attention switch mechanism, additional novel stimuli were
given. ERPs to autitory stimuli were averaged.

Salivary sample was taken with cotton swap and cortisol measured with
electrochemiluminescence immunassay method (Elecsys). Blood pressure was checked with
validated blood pressure device (Omron). ERP results were evaluated with Greenhouse Geisser
test, and cortisol, blood pressure and cardiometabolic test results compared with Wilcoxon test.

Result: In mismatch negativity paradigm peaks were extracted and difference waves were
evaluated. The amplitudes and latencies of difference waves were not statistically different.
Novelty paradigm compounds standart (S1) and target stimuli (S2) responses were compared in
four conditions. There was no statistically significant difference. The novel stimuli (S3)
response's p3a component latencies were different between groups. Before exercise, systolic
and diastolic blood pressure increased with cold stress (p< 0.05), but after exercise, only the
increase in sistolic blood pressure was statistically significant. After chronic exercise, systolic
blood pressure values were lower (p< 0.05) than before chronic exercise levels. Salivary cortisol
levels increased with cold stress but did not reach to a significant level.

Conclusion: Our study showed parallel result with a cold pressor test study mentioning no
significant effect on mismatch negativity while contradictory results on novelty paradigm. In our
study, while cold stress test did not decrease P50 gating, did not increase N100 amplitude, and



did not elicit P3a responses, did alter p3 latency. Chronic exercise changed basal systolic blood
pressure levels and reduced diastolic blood pressure response to cold stress.

This work was supported by Scientific Research Projects Coordination Unit of Istanbul
University. Project number 3024.
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RELATIONSHIP BETWEEN AQP4 AND BLOOD-BRAIN BARRIER DAMAGE FOLLOWING
INTRACEREBRAL HEMORRHAGE

Y.P. Tang, Q. Dong
Department of Neurology, Huashan Hospital, Fudan University, Shanghai, China

Objective: The purpose of this study was to examine the role of AQP4 on blood-brain barrier
damage after ICH by using AQP4 ' mice.

Background: Intracerebral hemorrhage (ICH) is associated with high morbidity and mortality.
To date, little is known about the role of Aquaporin-4.

Design/methods: ICH was induced by microinjecting 5 pl autologous whole blood into the
striatum of mice. We compared neurological deficits, brain edema contents, Evans blue leakage
and ultrastructure of brain microvessels. With protein array, we detected expression of cytokines
between AQP4** and AQP4™" mice following ICH, and then, expression of cytokines were
tested by Elisa. After injection of IL-1ra, TNFbp, LNMMA and PTIO by ventricle, we detected
blood-brain barrier damage with Evans blue and electron microscope between AQP4** and
AQP4™"" mice following ICH. After blocking IL-1Breceptor and TNFa receptor with inhibitor, we
detected blood-brain barrier damage of AQP4™"~ mice following ICH.

Results: Our experiments showed a significant increase of AQP4 expression following ICH in
AQP4"* mice. AQP4 deletion aggravated neurological deficits, brain edema, Evans blue
leakage and microvessel damage. With antibody array and Elisa techonology, our experiments
showed a significant increase of IL-1B, IL-6, IL-12, TNFa, and NO after ICH. Eventually,
after blocking IL-1Breceptor and TNFa receptor with inhibitor, AQP4™~ mice showed a decrease
of Evans blue leakage, which suggests IL-13 and TNFa play an important role on blood-brain
barrier damage of AQP4™~ mice after ICH.

Conclusions: These results suggest that AQP4 deletion increases blood-brain barrier damage.
Its mechanism is partially ascribed to excessive expression of cytokine. Further studies on the
protective role on blood-brain barrier of activated AQP4 expression following ICH may provide
useful therapeutic target for ICH-induced brain injury.

Study supported by: This research was supported by two grants of the National Natural
Science Foundation of China (30570632) (30700252)
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RELATIONSHIP BETWEEN AQP4 AND BRAIN EDEMA, CELLS DEATH AND APOPTOSIS
FOLLOWING INTRACEREBRAL HEMORRHAGE

Q. Dong, Y. Tang
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Objective: The purpose of this study was to examine the role of AQP4 in edema formation,
cells death and apoptosis after ICH by using AQP4 " mice.

Background: Intracerebral hemorrhage (ICH) is associated with high morbidity and mortality.
To date, little is known about the role of Aquaporin-4.

Design/methods: ICH was induced by microinjecting 5 pl autologous whole blood into the
striatum of mice. We compared neurological deficits, brain edema contents, specific gravity of
brain tissue surrounding hematoma, Evans blue leakage and ultrastructure of brain
microvessels , cells death and apoptosis rate, expression of caspase3,8,9,Bcl2,IL-1B receptor
and TNFa receptor with western blot, cytokine with protein array between AQP4""* and AQP4™"
mice following ICH. Eventually, death and apoptotic rate were detected after astrocytes
cocultured with IL-18, TNFa, SNP, LPS.

Results: Our experiments showed a significant increase of AQP4 expression following ICH in
AQP4*"" mice. AQP4 deletion aggravated neurological deficits, brain edema, Evans blue
leakage and microvessel damage. It also reduced the specific gravity of brain tissue
surrounding hematoma. Our experiments also showed a significant increase of cells death and
apoptosis rate and caspase3,8,9,bax protein expression following ICH in AQP4™" mice, when
compared to AQP4"* mice following ICH. With antibody array and Elisa techonology, our
experiments showed a significant increase of IL-13, IL-6, IL-12, TNFa, and NO after ICH.
AQP4 deletion did not alter expression of IL-1B receptor and TNFa receptor. Eventually, death
and apoptotic rate were same between astrocytes from AQP4*"* and astrocytes from AQP4™"
mice after astrocytes cocultured with IL-13, TNFa, SNP, LPS.

Conclusions: These results suggest that AQP4 deletion increases ICH damage, including
edema formation, blood-brain barrier damage, cells death and apoptosis rate. Its mechanism is
partially ascribed to excessive expression of cytokine without change of IL-1Breceptor and
TNFa receptor.

Study supported by: This research was supported by two grants of the National Natural
Science Foundation of China (30570632) (30700252)
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WIDESPREAD AND PROLONGED INCREASED (R)-[''C]PK11195 BINDING AFTER
TRAUMATIC BRAIN INJURY

H. Folkersma', R. Boellaard?, M. Yaqub?, R.W. Kloet?, A.D. Windhorst?, A.A. LammertsmaZ,
W.P. Vandertop', B.N.M. van Berckel?

’Neurosurgical Center Amsterdam, 2Nuclear Medicine & PET Research, VU University Medical
Center, Amsterdam, The Netherlands

Objective: Traumatic brain injury (TBI) elicits strong inflammatory responses involving
activation of resident microglia in brain tissue. Activated microglia can be visualised and
quantified using (R)-['""C]PK11195 and PET. The purpose of this study was to measure (R)-
['C]PK11195 binding as an indirect marker of neuronal damage after TBI in humans.

Methods: Dynamic (R)-[''"C]JPK11195 PET scans were acquired in eight consecutive patients
with an initial moderate (GCS 8-13, n=5) or severe (GCS< 8, n=3) Glasgow Coma Scale, six
months after TBI. For co-registration purposes, an individual high resolution MRI-scan of the
brain was acquired within one week after the PET scan. Seven age- and gender matched
healthy controls underwent the same scanning protocol. A modified supervised reference tissue
extraction method (SVCA4) combined with a basis function implementation of SRTM was used
to derive quantitative (R)-[''C]JPK11195 BPyp images. Regional binding potentials (BPxp) were
obtained by projecting volumes of interest (VOI) onto parametric (R)-[''CIPK11195 BPyp
images. Whole brain BPyp was defined as the volume-weighted average of these regional VOI
values. (R)-['"C]PK11195 BPyp was assessed using the simplified reference tissue model.

Results: Whole brain analysis revealed a significantly increased (R)-[''C]PK11195 BPyp in TBI
patients (BPnp = 0.22 £ 0.08) six months after head injury, as compared with age-and sex-
matched healthy controls (BPnp = 0.12 = 0.06) (p=0.02). Regional analysis indicated that
increased (R)-[''C]PK11195 binding was widespread over the brain.

Interpretation: Prolonged and widespread increased (R)-[''C]PK11195 binding six months after
TBI is indicative of diffuse neuronal damage.
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BLOCKAGE OF P-GLYCOPROTEIN AT THE BLOOD BRAIN BARRIER BY LOW SPECIFIC
ACTIVITY ""C-LANIQUIDAR

L. Moerman’, C. Dumolyn’, P. Boon?, F. De Vos'

'Laboratorium of Radiopharmacy, Ghent University, ?Laboratory for Clinical and Experimental
Neurophysiology, Ghent University Hospital, Ghent, Belgium

Objectives: Variations in P-glycoprotein (P-gp) expression at the blood brain barrier may play a
role in several brain disorders. Measurement of P-gp functionality with PET tracers may be an
important tool to investigate these diseases. Luurtsema et al. (2009) synthesized ''C-laniquidar,
which act as a substrate in performed in vivo studies. They suggested that studies with co-
injection of cold laniquidar could be useful. Thereby, we investigated differences in brain uptake
of ""C-laniquidar between a low (0.025 mg/kg body weight) and high (60 mg/kg body weight)
dose of i.v. administered "'C-laniquidar.

Methods: The synthesis of ''C-laniquidar was slightly modified to Luurtsema et al. (2009). To
investigate the influence of the dose of laniquidar on the brain uptake, wild-type mice were
injected i.v. with 5.55 MBq ''C-laniquidar at a high or low specific activity (S.A.). Mdr1a(-/-)
knock-out mice were incorporated as control animals, and underwent the same procedures. All
mice were killed 1, 10 and 30 min post injection (n = 3 at all time points). Brain and blood were
isolated, weighted and counted for radioactivity. The results were expressed as % injected dose
(ID)/g organ.

Results: The high S.A. "'C-laniquidar formulation averaged around 44 GBg/umol, representing
an administered dose of 0.025 mg/kg body weight, while the low S.A. formulation averaged
around 18 MBg/umol, which represents a therapeutical dose of 60 mg/kg body weight. At all
time points, injection of the high S.A. ""C-laniquidar in wild-type mice resulted in a statistical
significant lower brain uptake (0.7 £ 0.2 % ID/g at 30 min) compared to the low S.A. formulation
(3.1 £ 0.3 % ID/g at 30 min; P = 0.004). The "'C-laniquidar blood concentration at all time points
was not significantly different between the high and low S.A. formulation in wild-type mice (P =
0.558). No effect of S.A. on "'C-laniquidar uptake in brain could be demonstrated in P-gp knock-
out mice. The brain uptake averaged around 3.3 % ID/g at all time points and was not
statistically different from the wild-type mice with the low S.A. formulation.

Conclusions: These results clearly demonstrate the bivalent character of laniquidar, acting as
a substrate at low doses (< 0.025 mg/kg body weight). At higher doses the administered amount
of laniquidar is high enough to block the P-gp transporters facilitating the uptake in the brain to a
level comparable to the mdr1a(-/-) knock-out mice.

References: Luurtsema G. et al., Nuclear Medicine and Biology, 36 (2009): 643-649
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ISCHEMIC MODEL FOR ALZHEIMER'S DEMENTIA
R. Pluta’, A. Kiryk?, M. Ulamek', M. Jablonski®, L. Kaczmarek?

"Laboratory of Ischemic and Neurodegenerative Brain Research, Mossakowski Medical
Research Centre, ?Laboratory of Molecular Neurobiology, Nencki Institute of Experimental
Biology, Warsaw, *Department of Orthopaedics and Rehabilitation, Lublin Medical University,
Lublin, Poland

Objectives: Recent data suggest that neurovascular insufficiency may precede cognitive
decline and onset of Alzheimer's disease (AD). Brain ischemia (Bl) and impaired beta-amyloid
peptide clearance across the ischemic blood-brain barrier (BBB) may contribute to the onset
and progression of AD dementia (1). Bl negatively affects the synthesis of proteins required for
memory and learning, and may eventually lead to amyloid plaques development and to neuritic
injury and neuronal death (1). Impaired clearance of beta-amyloid peptide from the brain tissue
by the cells of the BBB unit may lead to its accumulation on neurovessels and in brain. The
accumulation of beta-amyloid peptide on the brain blood vessels, known as cerebral amyloid
angiopathy (CAA), is associated with cognitive decline and is one of the hallmarks of AD
pathology. CAA can severely disrupt the integrity of the neurovascular wall resulting in
hemorrhages that exacerbates neurodegenerative process and increases inflammatory
response. Here, we present the role of Bl and molecular mechanisms in ischemic BBB
responsible for AD and CAA pathogenesis. First, we study ischemic changes, including vascular
degeneration that contributes to different stages of the AD. Next we show the role of the
ischemic BBB, a key beta-amyloid peptide transportation system in- and outside brain, whose
pathology is observed early in AD. Finally, we present characteristic behavioral changes for AD
following Bl injury.

Methods: We used 16 females Wistar rats. The animals were divided for two groups. First
group with 10-min Bl (n=8) (2) and second was used as sham-operated control (n=8). All rats
underwent behavioral tests: neurological examination, rotarod, elevated plus maze, open field,
novel object recognition and object location memory, T-maze and Morris water maze 1 year
after Bl. After behavioral examination brains of animals were fixed by perfusion for
neuropathological studies.

Results: After Bl locomotor hyperactivity positive correlated with increased hippocampus
neuronal alterations. Following Bl impairment in habituation and reduced anxiety were
observed. Ischemic brain injury results in reference and working memory deficits. Moreover, Bl
injury in experimental animals leads to progression of spatial memory for up to 1 year. Above
abnormalities were connected with significant brain atrophy, associated with diffuse neuronal
loss in the brain cortex, and in the CA1 sector of the hippocampus.

Conclusions: Taken together supportive evidence from both experimental and clinical studies
indicates that the decline in progressive cognitive activities could not be explained only by direct
contribution of primary Bl injury, but rather by a progressive result of the additive effects of the
ischemic lesions, Alzheimer's factors and aging. On the other hand, the abnormal ischemic
expression and metabolism of amyloid precursor protein (1) and ischemic injury properly may
constitute a vicious cycle, which leads to ischemic type neurodegeneration and finally to full
cognitive decline of Alzheimer's type. The data presented here support an essential role of Bl
and ischemic BBB mechanisms in contributing to both, onset and progression of AD.



References:

1. Pluta R. Ischemia-reperfusion pathways in Alzheimer's disease. Nova Science Publishers,
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2. Pluta R et al. Acta Neuropathol 83: 1-11, 1991.
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NITRIC OXIDE MECHANISM IN THE PROTECTIVE EFFECT OF NARINGIN AGAINST
EXPERIMENTAL ANIMAL MODEL OF POST-STROKE DEPRESSION (PSD)

V. Gaur, A. Kumar

Division of Pharmacology, University Institute of Pharmaceutical Sciences, Panjab University,
Chandigarh, India

Background and aims: The present study has been designed to explore the nitric oxide
mechanism in the protective effect of naringin against I/Rinduced neurobehavioral alterations,
oxidative damage and mitochondrial dysfunction in mice.

Methods: Laca mice (25-30 g) were subjected to twice BCCAO occlusion (5 min) at the interval
of 10 min, followed by 96 h reperfusion. Naringin (50and 100 mg/kg) was administered for 10
days, starting 7 days before animals were subjected to I/ R injury. On day 10, various
neurobehavioralparameters followed by biochemical parameters and mitochondrial enzyme
complex activities were assessed.

Results: Ischemia reperfusion injury caused significant (increased immobility period,
neurological score and decreased locomotor activity), oxidativedamage (increased lipid
peroxidation and nitrite concentration and depleted reduced glutathione, Glutathione-S-
transferase, superoxidedismutaseand catalase) and altered mitochondrial enzyme complex
activities (complex | to IV) as compared to sham treatment. Naringin (50 and 100
mg/kg)treatment significantly attenuated neurobehavioral alterations, oxidative damage and
restored mitochondrial enzyme complex activities ascompared to control (ischemia reperfusion)
group. Further, protective effect of naringin (50 mg/kg) was attenuated by L-arginine (100
mg/kg) orsildenafil (5 mg/kg) pretreatment. Further, L-NAME (10 mg/kg) or 7-NI (10 mg/kg)
pretreatment with naringin (50 mg/kg) significantly potentiatedtheir protective effect as
compared to their treatment alone.

Conclusion: Present study suggests the involvement of nitric oxide mechanism in the
protective effect of naringin against post stroke depressioninduced neurobehavioral,
biochemical and cellular alterations in mice.
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FLOW-METABOLISM UNCOUPLING AND EXTENDED LONGEVITY AS OBSERVED IN A
TRANSGENIC MICE MODEL

A.-L. Lin"? T. Duong', H. Van Remmen?®, A. Richardson®, P. Fox'

'Research Imaging Institute, 2Department of Psychiatry, *Barshop Institute for Logevity and
Aging Studies, University of Texas Health Science Center, San Antonio, TX, USA

Objective: Mitochondrial integrity is generally viewed as being highly associated with lifespan
and healthspan. Recent studies, however, indicate that longevity can be increased by reduced
mitochondrial function. Specifically, increased lifespan is observed in mice with a mitochondrial
mutation in an assembly protein (Surf1”) for electron-transport chain complex IV, which results
in a reduction in the level of cytochrome c oxidase (1). The flow-metabolism relationship in the
mice, however, remains unknown. The purpose of the study is to use the multi-metric
neuroimaging methods (e.g. MRI and PET) to determine the basal cerebral blood flow (CBF),
cerebral metabolic rate of oxygen (CMRO;) and glucose (CMRg.), and the flow-metabolism
coupling relationship in the Surf1” mice.

Methods: Wild type (WT) and Surf1” mice (N =2, respectively) were used for the study. MRI
studies were performed at a 11.7T Biospec system. CBF was acquired using MRI arterial spin
labeling (ASL) technique (2). CMRO, was determined by the Fick's principle: CBFXOEFxCaO,,
where OEF is the oxygen extraction fraction and CaO, is the oxygen content (assuming the
same in both types of mice, 15.0 g/dl, (3)). OEF was measured with the Quantitative BOLD
technique (4). CMRg was determined with the 18F-FDG using PET. 18F-FDG (0.39 MBqg/g of
body weight) dissolved in saline was injected through the tail vein. The emission data was
acquired for 20 min after 40 min of injection.

Data Analysis: ASL and OEF analysis employed codes written in Matlab. FDG images were
analyzed to obtain CMRg using the mean standardized uptake value (SUVmean) method.
Student t test was used to determine the statistical significance of the CBF, CMRO, and CMRg
between the WT and the Surf1” mice.

Results: The quantitative CBF, OEF, CMRO,, and CMRg; values and their relative changes
between the WT and the Surf1” mice are listed in the Table 1. The basal CBF and CMRg; of
the Surf1” mice were 18.3% (P < 0.05) and 85.2% (P < 0.001) higher, respectively, compared
to those of the WT. CMRO, was found lower (4.8%), but not significant (P > 0.5).

Conclusions: At normal conditions, the basal CBF, CMRO, and CMRg are tightly coupled (5).
In the Surf1”" mice, the flow-metabolism relationship was found deviated (uncoupled). Our data
further demonstrated that their metabolic pathway has shifted from oxidative to glycolytic
metabolism (with dramatic increases in CMRg and CBF, but no significant change in CMRO,).
It is thus speculated that the lifespan of the Surf1” mice is extended due to the metabolic
pathway shifting. With the novel mice model and the concurrent MRI-PET measurements, it our
goal to further study the impact of mitochondrial function on longevity, cognitive integrity and
neurodegenerative disorders.

CBF (ml/g/min)  OEF CMRO2 CMRGIc(SUVmean)



WT 1.09+0.03 0.38+0.04
Surf1-/- 1.29+0.04 0.31+£0.05
%change (Surf1-

I- vs. WT) 18.314.6 -18.415.8
[Table

References: (1) Dell’agnello, Hum Mol Genet 2007;
(2) Muir, MRM 2008;

(3) Scholer, EJA 2009;

(4) He, MRM 2008;

(5) Raichle, PNAS 2001.

(ml/g/min)
0.062+0.012

0.059+0.008

-4.8+1.1

28.7+5.3

53.1+6.1

85.2 £ 9.1

1]
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COMPARATIVE EFFECTIVENESS OF HEMOSTATIC THERAPY IN EXPERIMENTAL
WARFARIN-ASSOCIATED INTRACEREBRAL HEMORRHAGE

S. lllanes'?, W. Zhou', S. Schwarting®, S. Heiland®, R. Veltkamp'

’Neuro/ogy, University of Heidelberg, Heidelberg, Germany, 2Instituto de Ciencias Clinica
Alemana-Universidad del Desarrollo, Santiago, Chile, 3Neuroradiology, University of Heidelberg,
Heidelberg, Germany

Background and purposes: Intracerebral hemorrhage associated with oral anticoagulants has
a poor prognosis. Current treatment guidelines are based on case series and plausibility only,
and a common consensus on effective hemostatic therapy is missing. We compared the
effectiveness of diverse hemostatic approaches in a previous established mouse model of
warfarin-associated ICH (W-ICH).

Methods: Male C57BL/6 mice received anticoagulant treatment with warfarin (0.4 mg/Kg for 3
days). ICH was induced by striatal injection of collagenase in mice with an International
normalised ratio (INR) between 4-5. 30 min later mice received an intravenous injection of either
saline (200pl n=15), prothrombin complex concentrate (PCC, 100U/Kg, n=10), fresh frozen
plasma (FFP, 200ul, n=13), recombinant human factor VII activated (FVlla, 3.5 mg/Kg, n=8 and
10 mg/Kg, n=8) or tranhexamic acid (TA, 400 mg/Kg, n=12). ICH volume was quantified on T2*
weighted images after 24 hours.

Results: Mean hematoma volumes were 7.4+1.8 mm? in the non-warfarin controls and 21.9+5.0
mm? in the warfarin group receiving saline. PCC (7.5+2.3 mm?®) and FFP (8.7+2.1) treatment
resulted in significantly smaller hematoma volume compared to saline. FVlla (10mg/kg:
14.7+3.4; 3.5mg/kg: 15.0£6.8 mm?) and TA (16.2t4.1 mm?3) were less effective. Water content
in the hemorrhagic hemisphere was similar in all groups except for TA in which it was
significantly increased.

Conclusions: PCC and FFP effectively prevent hematoma growth in murine W-ICH whereas
factor Vlla was less effective. TA exacerbates perihematoma edema in this mouse W-ICH
model.
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ND-308, A NOVEL COMPOUND, AMELIORATES CEREBRAL INFARCTION IN RATS BY
ANTI-INFLAMMATORY ACTION

G.X. Liang

Department of Integrative Medicine, Yuhuangding Hospital, Qingdao University Medical
College, Yantai, China

Cerebral ischemia is a prevalent human disorder, and the search for effective remedies
continues. Puerarin has been clinically prescribed in China to treat patients with stroke and
coronary artery disease since 1998. The present study was conducted to investigate the
neuroprotective effects of ND-308 , one of the novel derivatives from puerarin, against focal
cerebral ischemic infarct in rats, and to discuss the possible mechanism. A rat models of focal
cerebral ischemia-reperfusion injury was established by middle cerebral artery occlusion using
modified filament method. The behavioral test was used to measure neurological deficit scores
for evaluation of the ischemic damage of brain. The cerebral infarct volume and edema were
assessed to evaluate the brain patho-physiological changes. Immunohistochemistry and
enzymelinked immunosorbent assay (ELISA) were used to detect the expression of TNF-a, NF-
kB and IL-1B proteins, and TUNEL assay was employed to examine the cell apoptosis. The
results showed that ND-308 markedly decreased the neurological deficit scores, reduced infarct
volume and the edema compared with the model group. Meanwhlie ND-308 significantly
reduced the—levels. Taken together, our results indicate that indicate that ND-308 exerts the
protective potential against cerebral ischemia injury and its neuroprotective effects may be due
to the anti-inflammatory effects.
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OXYGEN-GLUCOSE DEPRIVATION INDUCES GAP-43 INTERACTION WITH GEPHYRIN TO
REGULATE GABA, RECEPTOR ACTIVITY IN DEVELOPING CORTICAL NEURONS

C.-Y.Wang'? Y.-P. Song?, Y.-T. Hsu®, C.-H. Lin*, Y.-Y. Sun®, C.-C. Hung? C.Y. Hsu?, Y.-H.
Lee'

"Physiology, National Yang-Ming University, Taipei, °China Medical University Hospital,
Taichung, *Medical Sciences, Taipei Medical University, *Nursing, Kang-Ning Junior College of
Medical Care and Management, Taipei, Taiwan R.O.C.

Introduction: Neonatal hypoxia-ischemia (HI) remains a frequent cause of childhood epilepsy
and cerebral palsy. The injury often associated with spreading depression at acute stage and
long term effect on the onset of epilepsy. Recent studies reported decrease of GABA, receptor
function in the cerebral cortex of hypoxic neonatal rats, but the underlying mechanism is
unknown. During brain injury, activity-dependent plasticity proteins, such as growth-associated
protein 43 (GAP43), is highly expressed in the injured neurons to facilitate axonal regeneration.
However, whether GAP43 contributes to the synapse development abnormalities during
neonatal brain injury remains poorly understood.

Objective: We used proteomic approach to reveal that GAP43 could interact with gephyrin, a
scaffold protein for GABAA receptor trafficking and clustering at postsynaptic density, in
developing cortical neurons. Importantly, oxygen-glucose deprivation (OGD), which represents
hypoxia-ischemia insult, significantly increased the GAP43-gephyrin interaction. Therefore, the
present study aimed to examine the role and mechanism of GAP43-gephyrin interaction in the
regulation of GABA,

receptor clustering and activity during OGD insult in developing neurons.

Methods: Primary cultured rat cortical neurons at 4 days-in-vitro were used as the experimental
system. The OGD insult, i.e. 2hr hypoxia (1% O3) in the absence of glucose followed by 22hr
normoxia in the presence of glucose, was used as the in vitro model for ischemic brain injury.
Ser41Asp (S41D) and Ser41Ala (S41A) GAP-43 mutants which mimicked PKC-phosphorylated
and unphosphorylated GAP-43 were established respectively for investigating the causal
relationship between GAP43 activity and GABAa receptor activity. The interactions among
GAP43, gephyrin and GABA, receptor were assessed by immunofluorescent double labeling
and co-immunoprecipitation. The surface GABAa receptor presentation and activity of the
developing cortical neurons were measured by biotinylation assay and muscimol-induced
intracellular calcium ([Ca®'];) elevation, respectively.

Results: We found that OGD insult increased the interaction between GAP43 and gephyrin
accompanied by the reduction of surface GABAAR activity. Treatment with PKC inhibitor
Ro0318220 also had the same effect. Furthermore, S41D-GAP43 mutant interact with gephyrin
better than the S41A-GAP43 mutant, and neurons expressing S41D-GAP43 mutant had much
higher degree of gephyrin-GABAARYZ2 interactions than those expressing S41A-GAP43 mutant.
In addition, blockade of calcineurin-mediated dephosphorylation of pS41-GAP43 by FK506 also
increased gephyrin-GABAARY2 interactions, suggesting that PKC-phosphorylated GAP43
facilitates gephyrin-GABAAR interaction. However, the surface GABAAR activities in S41D-
transfected and FK506-treated neurons were lower than their respective control, suggesting that
phosphorylated GAP43 might induce GABAAR internalization by promoting gephyrin-GABAAR
interaction.



Conclusion: OGD insult in developing cortical neurons impairs GABAA receptor presentation
and activity via induction of GAP43-gephyrin interaction. This study revealed a novel role of
GAP43 in the alteration of GABAergic transmission and subsequent neurological deficit during
neonatal HI.

(Supported by grants NSC 99-2321-B-010-015, 96-2320-B-010-039-MY3 from National Science
Council, and DOH99-TD-B-111-004 from Taiwan Department of Health Clinical Trial and
Research Center of Excellence.)
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MICROGLIAL SENESCENCE AND NEURODEGENERATION: CONNECTING THE DOTS
W.J. Streit
Neuroscience, University of Florida, Gainesville, FL, USA

Microglia are essential for providing neuroprotection in the normal CNS and particularly
following acute CNS injury. There is now evidence suggesting that chronic neurodegenerative
states may arise in large part because of microglial degeneration and associated loss of
microglial neuroprotective function. Although it is clear that a main reason for microglial
degeneration is advanced age there may be other factors, including undue oxidative stress, that
exacerbate normal microglial senescence, and thus the preservation of microglial cell function
may become a target for developing novel neuroprotective strategies. The role of microglia in
Alzheimer's disease (AD) pathogenesis remains unknown. Although many studies maintain that
chronic microglial activation in the AD brain is detrimental and contributes to neurodegeneration,
anti-inflammatory drugs show little promise for AD treatment or prevention. This presentation
provides support for a novel theory of microglial involvement in AD, the microglial dysfunction
hypothesis, claiming that the neurofibrillary degeneration of AD is the result of declining
microglial neuroprotection due to aging-related microglial senescence and degeneration. | will
report histopathological findings from humans covering the spectrum from none to severe AD
pathology, including patients with Down's syndrome, showing that degenerating neuronal
structures positive for tau (neuropil threads, neurofibrillary tangles, neuritic plaques) are
invariably colocalized with severely dystrophic (fragmented) rather than with activated microglial
cells. Using Braak staging of AD neuropathology, | will demonstrate that microglial dystrophy
precedes the development of tau pathology. Amyloid deposits devoid of tau-positive structures
are found to be colocalized with non-activated, ramified microglia, suggesting that amyloid-beta
protein does not trigger microglial activation. In contrast, microglia associated with amyloid
deposits marked by tau pathology (neuritic plaques) are always dystrophic. The
histopathological findings to be presented also indicate that when microglial activation does
occur in the human brain in the absence of an identifiable acute CNS insult, it is likely to be the
result of systemic infectious disease. Overall these observations strongly argue against the
belief that neuroinflammatory changes contribute to AD dementia, and they have the potential to
change our views on AD pathogenesis and may thus profoundly influence future treatment
approaches.
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BONE MESENCHYMAL STROMAL CELLS ENHANCE SKILLED MOTOR FUNCTION AND
INCREASE AXONAL CONNECTIONS AFTER STROKE IN MICE

Y. Li', Z. Liu", R.L. Zhang', L. Zhang', Y. Cui', X. Sang’, M. Chopp"*
"Neurology, Henry Ford Hospital, Detroit, 2Physics, Oakland University, Rochester, MI, USA

Objectives: To characterize reorganization of the corticospinal tract (CST) and elucidate the
neuroanatomical mechanisms underlying motor functional recovery after treatment of stroke
with bone mesenchymal stromal cells (BMSCs), we investigated axonal connections of the CST
between the contralesional cerebral cortex and the stroke-impaired side of the spinal cord using
adult CST-yellow fluorescent protein (YFP) mice subjected to semi-pyramidotomy.

Methods: Adult male CST-YFP mice, in which the CST was transgenically labeled with YFP,
were subjected to right hemispheric pyramidotomy (PT) at the medulla level along with (w) right
permanent middle cerebral artery occlusion (MCAo); or PT without (w/o) MCAo (sham) surgery.
One day after surgery, the mice were randomly selected to receive 0.4 ml of phosphate-buffered
saline (PBS) or 1x10° BMSCs in PBS injected into a tail vein. A Foot-Fault test and a single
pellet reaching test were performed before MCAo as a baseline, and 3 days after MCAo and
weekly thereafter to monitor skilled motor functional deficit and recovery. To retrogradely label
axonal pathways between the impaired left forelimb and the cerebral cortices, 10 pl of trans-
synaptic tracer pseudorabies virus (PRV)-614-m red fluorescent protein (RFP) were injected
into the left forelimb flexor muscles 4 weeks after stroke (4 days before sacrifice). The brain and
cervical cord were processed for vibratome sectioning to detect the YFP labeling in the
denervated side of the spinal cord and the RFP labeling in the cortical pyramidal neurons with a
confocal imaging system.

Results:

1) Significant functional improvements were evident in mice subjected to PT-w-MCAo and
treated with BMSCs (n=9) compared to PBS treated mice (n=9, p< 0.05), but not in mice
subjected to PT-w/o-MCAo treated with either PBS (n=9) or BMSCs (n=10).

2) Both CST-YFP axonal density in the denervated side of the spinal cord and PRV-RFP
labeled pyramidal neurons in the left intact hemispheric cortex were significantly increased in
the PT-w-MCAo mice, compared to PT-w/o-MCAo mice (p< 0.05).

3) BMSCs significantly enhanced both CST-YFP axonal density in the denervated side of the
spinal cord and PRV-RFP labeled pyramidal neurons in the left intact hemispheric cortex in PT-
w-MCAo mice (p< 0.05), but not in PT-w/o-MCAo0 mice.

4) The behavioral outcome assessed by both Foot-Fault test and single pellet reaching test
were highly correlated, respectively, with the CST-YFP axonal density in the denervated side of
the spinal cord and numbers of PRV-RFP labeled pyramidal neurons in the left contralesional
cortex (Foot-Fault vs CST-YFP, r=0.82, p< 0.01; Foot-Fault vs PRV-RFP, r=0.61, p< 0.05;
single pellet reaching vs CST-YFP, r=0.76, p< 0.01; single pellet reaching vs PRV-RFP, r=0.60,
p< 0.05).

Conclusions: Our data suggest that BMSCs amplify stroke-induced contralesional neuronal
remodeling, which contributes to motor recovery after stroke.
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ENGINEERED NANOPARTICLES FROM METALS AG, CU AN AL (50-60 NM) INDUCE
OXIDATIVE STRESS, BBB BREAKDOWN AND BRAIN PATHOLOGY
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"Surgical Sciences, Uppsala University, Uppsala, Sweden, 2Neurology, University of Medicine &
Pharmacy, Cluj-Napoca, Romania

The possibility that chronic exposure of nanoparticles leads to breakdown of the blood-brain
barrier (BBB) and brain pathology by inducing oxidative stress and increased nitric oxide
production was examined in a rat model using biochemical and morphological approaches.
Separate group of rats (Male Sprague Dawley, body weight 200-250 g, age 18 to 22 weeks old)
were treated with Ag, Cu or Al nanoparticles (50 mg/kg, i.p.) once daily for 7 days, whereas, the
control group received saline under identical conditions. These rats were tested on the 8™ day
for sensory and cognitive dysfunction using Rota rod performance, grid walking, inclined plane
angle tests and stride length test using standard procedures. After that the BBB permeability
was measured using Evans blue albumin and radioiodine tracers in several brain areas. Brain
edema formation was examined d by measuring brain water content and oxidative stress
parameters e.g., Myeloperoxidase (MP), Malondialdehyde (MD) and glutathione (GT) were
measured in various brain regions. Using immunohistological methods, upregulation of neuronal
nitric oxide synthase (nNOS) immunoreactivity was examined on paraffin sections under light
microscope. In these serial sections, cell changes were seen at light microscopy using Nissl or
Haematoxylin and Eosin. Rats treated with Cu and Ag nanoparticles exhibited mild to moderate
sensory motor dysfunction as seen by reduction in time for staying on Rota rod (16 rpm, 120
sec to 80 sec), decline in the angle of inclined plane (from 60 to 40°), placement error of
forepaws during grid walking (from 0 % to 34%) and increase in stride length between two hind-
limbs while walking (from 45 mm to 85 mm). These changes were only mildly affected by Al
treatment. We observed as significant increase in MP and MD levels (MP 411 U/g to 912 U/g, P
< 0.01; MD 24+4 nM/g to 5618 nM/g, P< 0.01) in the brains of Cu and Ag treated rats, whereas,
GH showed a significant decline (from 1.8+0.04uM/g to 0.8+0.04 uM/g, P< 0.01) in Cu and Ag
treated rats. Changes in Al treatment were not significant in any one of these oxidative stress
parameters. A significant increase in brain water and BBB breakdown to Evans blue and
radioiodine tracers were observed in Cu and Ag treated but not in Al treated rats. The number of
dark and distorted neurons in various brain regions was significantly increased in Cu and Ag
treated but not in Al treated rats. A significant increase in the number of NNOS positive neurons
was seen in the cortex, hippocampus, cerebellum, thalamus and hypothalamus in these
nanoparticles treated rats as compared to normal rats. Interstingly, the occurrence of nNOS
positive neurons were seen into areas showing BBB disruptions to Evans blue leakage, Taken
together these observations are the first to demonstrate that nanoparticles depending on their
tie (Cu and Ag and but not Al) are able to induce severe oxidative stress and nNOS expression
leading to BBB disruption and cell injury.
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ESTIMATED RELATION BETWEEN CEREBRAL BLOOD FLOW AND BACKGROUND
ELECTROENCEPHALOGRAM ACTIVITY SIGNALS WITH MISSING SAMPLES IN
NEONATES DURING QUIET SLEEP

M.C. Arango Granados', D.A. Botero', A.F. Catelli Infantosi®, D.M. Simpson®

"Neurophysiology, Universidad de la Sabana, Chia, Colombia, ?Biomedical Ingeneering,
Federal University of Rio de Janeiro, Rio de Janeiro, Brazil, 3Institute of Sound and Vibration
Research, University of Southampton, Southampton, UK

Background: There is a relationship between the demand and supply of cerebral blood flow
(CBF) during sleep in newborns (NB) [1,2]. There is not much information about the relationship
between spontaneous neuronal activity (NA) and CBF [3]. Therefore, a prospective analytical
study was designed to relate NA (EEG) with CBF (cerebral Doppler velocimetry) and explain
that specific interaction, taking into special account the existence of missing samples in both
signals [4,5].

Methods: A set of signals from twenty normal newborns (up to 7 days of birth) was recollected,
during quiet sleep (Tracé Alternant -TA- and High Voltage Slow -HVS- patterns). EEG power
(PEEG) and frequency parameters within frequency bands of interest (power in delta - Pdel -
and theta - Ptet -, estimated at each second in F4T4 derivation), and the mean velocity from
Doppler velocimetry (from the ipsilateral middle cerebral artery) were obtained. To investigate
the association between EEG and CBF in time (cross correlation function -CCF-) and frequency
domains (magnitude square coherence -MSC-), signal processing techniques with missing
samples were developed. To establish the statistical significance level, a computational method
based in the Monte Carlo simulation was applied [4,5,6].

Results: In TA, the pEEG median in Ptet had the higher CCF values (0.243), at a lag around
6s, while Pdel obtained smaller values. In the frequency parameters, there was a higher
variability between individuals, with a CCF median very close to 0 (independent from the lag
value). The maximum CCF value for the 84.6% of the NB was statistically significant (p<0.005).
In HVS, the pEEG median in Ptet was smaller than in TA, but still the 40% of the NB obtained
statistical significance (p<0.05). About the frequency parameters, the HVS had a behavior
similar to the TA. The Pdel values were even smaller than those in TA. About the frequency
domain analysis, the median of the spectrum during TA evidenced an energy concentration
(EC) of 3600mv%Hz around 0.1Hz. Meanwhile, during HVS, the EC at 0.1 Hz fell (1900mv?/Hz),
while other frequencies acquired a greater importance, resulting in a similar EC. To study the
coherence between EEG and CBF parameters, the best results obtained from the CCF were
used. During TA, the median MSC value was of 0.38 in 0.1Hz. Meanwhile, during HVS, the
median MSC value was of 0.15 in 0.1Hz. In addition, the coherence at frequencies < 0.07Hz
(very low frequencies -VLF-) grew up to 0.22. In TA, 92.3% of the NB had a statistically
significant MSC (p<0.005). In HVS, 50% of the NB achieved statistical significance.

Conclusions: The CCF reveals a 6s delay between NA and CBF, meaning that a change in the
NA is followed by a change in the CBF. The coherence indicates a significant association
between NA in Ptet and CBF about 0.1Hz (autonomous nervous system) during TA [7,8,9].
During HVS this association, although present, has fewer cases reaching statistical significance.
However, the second peak in the VLF observed probably means an increased influence of other
control mechanisms different from the neurogenic regulation.
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CEREBRAL PERFUSION (HMPAO-SPECT) IN PATIENTS WITH “DEPRESSION WITH
COGNITIVE IMPAIRMENT” VERSUS “MILD COGNITIVE IMPAIRMENT” AND “DEMENTIA
OF ALZHEIMER'S TYPE”

W. Staffen’, J. Bergmann? U. Schénauer', H. Zauner®, M. Kronbichler?, S. Golaszewski', G.
Ladurner’

7Neuro/ogy, Priv. Med. Univ. of Salzburg, Christian Doppler Clinic, 2Center of Cognitive
Research Salzburg, Salzburg, >Rehab. Center GroBgmain, GroBgmain, Austria

Purpose: Comparative evaluation of regional brain perfusion measured by HMPAO-SPECT of
patients with mild cognitive impairment (MCI), dementia of Alzheimer's type (DAT) and
depressed patients with cognitive impairment (DCI).

Methods: 736 persons were investigated by reasons of suspected cognitive dysfunction. After
exclusion of patients with other forms of dementia than DAT or relevant accompanying
disorders SPECT-data of 149 MCI, 131 DAT, 127 DCI patients as well as 123 controls without
any cognitive impairment were analysed. Relative cerebral blood flow of 34 anatomical regions
was assessed with an automated analysis software (BRASS).

Results: Calculation of global forebrain perfusion discriminated demented from not demented
patients. Compared to controls DCI patients showed hypoperfusion of thalamus, lentiforme
nucleus and medial temporal cortex. MCI patients differed significantly from controls concerning
perfusion in both hemispheric temporal, parietal and in the (right hemispheric) posterior part of
cingulate gyrus areas. MCI and DCI patients differed in parietal, temporal superior and right
hemispheric cingulate gyrus posterior cortices. Global forebrain and regional perfusion was
more extensively reduced in DAT and discriminated them from controls, MCIl and DCI. Frontal
perfusion disturbance was only present in DAT patients.

Conclusion: Automated analysis of HMPAO-SPECT MCI patients showed significant perfusion
deficits in regions also involved in DAT, but ROC analysis demonstrated only moderate
sensitivity and specificity differentiating DAT from controls and DCI. Frontal hypoperfusion
seems to correspond with conversion from MCI to DAT. Finally results of DCI patients raises the
question of depression as an early symptom of neurodegeneration again.
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RESIDENT ENDOTHELIAL CELLS SURROUNDING DAMAGED ARTERIAL ENDOTHELIUM
REENDOTHELIALIZE THE LESION WITHOUT ANY INVOLVEMENT OF FOREIGN
PROGENITOR CELLS

Y. Itoh’, H. Toriumi', S. Yamada', Y. Tomita’, H. Hoshino?, N. Suzuki'

"Neurology, ?Preventive Medicine for Cerebrovascular Disease, Keio University School of
Medicine, Shinjuku, Japan

Objective: Endothelial repair of the cerebral artery after its damage is critical for prevention of
thrombosis, maintenance of vascular tone and protection of the brain by blood-brain barrier. In
this study, we evaluated endothelial repair processes in denuded pial vessels to clarify
mechanisms for reconstructing endothelium.

Methods: Tie2-green fluorescent protein (GFP) transgenic mice were employed for the non-
invasive identification of endothelial cells (EC). We confirmed through histochemical analysis
that Tie2-GFP positive cells were positive for PECAM and von Willebrand factor and were
surrounded with cells positive for a-smooth muscle actin. Closed cranial window (3 mm in
diameter, with the center at 2.5 mm lateral and 2.5 mm posterior to bregma) with a metal bar to
secure the head to a holder was installed under 1.5% isoflurane anesthesia. Tail vein was
catheterized for the drug injection. EC in a 350-um long segment of the middle cerebral artery
were damaged through photochemical reaction of intravenously injected rose bengal (20 mg/g
weight) with green laser (diameter 250 uym, wave length at 532 nm, light power 150 uW,
duration 150 sec).

Results: The endothelial damage induced platelet thrombosis and the artery was loosely
occluded at the end of photochemical reaction. Within 6 hours, the artery was recanalized and
ECs were detached from the luminal surface of the injured artery, which was then covered with
a platelet carpet. Platelets, in the size of 2 to 4 ym, were morphologically identified by confocal
laser microscopy in CAG-EGFP mouse as well as in wild type mouse injected with Rhodamine-
6G. All cells except red blood cells and hair are fluorescently visualized in CAG-EGFP mouse.

Within 24 hours, re-covering of denuded artery started at the proximal edge and then at the
distal one with tips of resident ECs moving toward the defect (fig1). The repair rate was faster at
the proximal edge than at the distal one (1 p< 0.05). Elongation and proliferation of ECs were
also observed during endothelial repair (fig2. ** p< 0.01, * p< 0.05 compared with cell length
before the endothelial damage). Reendothelialization with EC proliferation peaked at 2-3 days
(fig1. maximum rate at 4 ym/hr at the proximal border, ** p< 0.01, * p< 0.05 compared with
baseline) and ended at 5 days together with normalization of EC length. Growth of EC tips at
both edges was completely continual in time and in place, and no islands of newly developed
ECs distant from preexisting ECs, suggesting possible involvement of foreign progenitor cells,
were confirmed.

Conclusions: Our in vivo study demonstrated continual reendothelialization processes, i.e.
migration, elongation and proliferation of resident ECs, in the pial artery without any involvement
of foreign progenitor cells. Therefore resident EC might be a better target to accelerate
endothelial repair process. Meanwhile, prevention of thrombosis, vasospasm and treatment for
blood-brain barrier dysfunction should be considered.



[fig1]



[fig2]
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GINSENOSIDE RD FOR ACUTE ISCHEMIC STROKE: LABORATORY AND CLINICAL
EVIDENCE

R.Ye', Q. Yang? Y. Zhang', X. Liu", J. Yang®, Y. Yan*, Y. Song®, X. Liu®, H. Ren’, Y. Wu?, Z.
Li°, W. Chen', Y. Xu", J. Xia'?, L. Xiong? G. Zhao'

"Department of Neurology, Department of Anesthesiology, Xijing Hospital, the Fourth Military
Medical University, Xi‘an, *Department of Neurology, Lanzhou Military Command General
Hospital, Lanzhou, *Department of Neurology, the First Affiliated Hospital of Chongqing
University of Medical Sciences, Chongqing, >Department of Neurology, the First Hospital of
Shaanxi Province, Xi'an, °Department of Neurology, Nanjing Military Command General
Hospital, Nanjing, "Department of Neurology, the First Affiliated Hospital of Kunming Medical
College, Kunming, Department of Neurology, the First Affiliated Hospital of Nanchang
University, Nanchang, °Department of Neurology, School of Medicine, Xi'an Jiaotong University,
Xi'an, "°’Department of Neurology, Wuhan General Hospital of Guangzhou Military Command,
Wuhan, ""Department of Neurology, the First Affiliated Hospital of Zhengzhou University,
Zhengzhou, 12Depan‘ment of Health Statistics, the Fourth Military Medical University, Xi'an,
China

Objectives: Ginsenoside Rd (Rd), one of the main active ingredients in Panax ginseng, has
previously been demonstrated to protect against ischemic insult in vitro and in vivo. Here we
sought to systematically define the preclinical characteristics of the neuroprotection afforded by
Rd in experimental stroke models, and confirm its efficacy in humans after acute ischemic
stroke.

Methods: For experimental investigations, we used permanent and transient middle cerebral
artery occlusion (p/tMCAO) to evaluate the effects of Rd. In dose-response study, we compared
the efficacy of Rd (0.1-200 mg/Kg) with two other established neuroprotectants: PBN and
edaravone. In therapeutic window study, Rd was administered at O h, 2 h, 4 h, or 8 h after the
reperfusion or the onset of artery occlusion. Infarct volume was measured on post-operative day
(POD) 1 and 7, and neurological deficits were assessed up to POD 42 using modified
neurological severity scores, modified sticky-tape test, and corner test. Furthermore, we probed
whether the protection of Rd is present in females and aged animals. For clinical trial, we
conducted a randomized, double-blind, placebo-controlled trial involving 390 patients with acute
ischemic stroke in a 3:1 ratio to receive a 14-day intravenous infusion of Rd or placebo within 72
hours after the onset of stroke. The primary end point was the distribution of disability scores on
the modified Rankin scale at 90 days. Neurological function score and activities-of-daily-living
scale were included as secondary end points.

Results: Rd at the doses of 10-50 mg/Kg significantly reduced the infarct volume and improved
the neurological outcome for up to 6 weeks after pMCAO or tMCAOQO. Subanalysis showed that
both cortex and striatum were protected. Comparatively, Rd was significantly more effective
than edaravone, and slightly more effective than PBN. Importantly, Rd was effective even when
administered up to 4 h after the recirculation of tMCAO or the onset of pMCAO. Furthermore, in
female rats or 16-month-old rats, the salutary effects of Rd were still observed and sustained for
up to 6 weeks after ischemia. In clinical research, the efficacy analysis was based on 386
patients (Rd group: 290, placebo group: 96). Rd significantly improved the overall distribution of
scores on the modified Rankin scale, as compared with the placebo (P = 0.02 by the CMH test;
odds ratio: 1.74; 95% CI: 1.08-2.78). There was significant difference between the two groups
when we categorized the scores into 0 to 1 versus 2 to 5 (P = 0.01 by the CMH test; odds ratio:



2.32; 95% CI: 1.23-4.38). Besides, Rd improved the National Institutes of Health Stroke Scale
(P < 0.01 by the analysis of covariance; least squares mean: —0.77; 95% CI: -1.31 to —-0.24).

Conclusions: These experimental and clinical results indicate that Rd is a promising
neuroprotectant with superior neuroprotective efficacy and wide therapeutic window. Further
investigations should be encouraged to confirm whether Rd is beneficial in ischemic stroke.
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BRAIN EXTRACELLULAR FLUID AND SERUM S-100B LEVELS IN SEVERE TRAUMATIC
BRAIN INJURY USING INTRACEREBRAL MICRODIALYSIS

C. Winter
Neurosurgery, Royal Brisbane and Women's Hospital, Brisbane, QLD, Australia

Objectives: To use intracerebral microdialysis to sample the brain extracellular fluid (ECF),
enabling us to compare S-100B levels in the brain and intravascular compartments, to comment
on ECF and serum S-100B correlation with patient outcome and to suggest a possible
relationship with blood brain barrier (BBB) function.

Methods: A prospective study of brain extracellular fluid (ECF) and serum S-100B levels in 12
patients with severe head injury (GCS < 8) was undertaken using intracerebral microdialysis. S-
100B levels in both serum and brain ECF dialysate were measured at regular intervals and
patient outcomes were assessed at 6 months using the Glasgow Outcome Scale (GOS). The
patients were divided into two outcome groups; group A containing 8 survivors with either a
good recovery or moderate disability and group B containing 4 patients who died.

Results: Peak serum levels of S-100B were significantly greater in group B (mean 6.03 ng/ml)
compared with group A (mean 0.73 ng/ml) (P = 0.009), though 6 of the latter group had values
less than the lower limit of detection of the assay. Group A had a mean peak S-100B in the
brain extracellular compartment of 186 ng/ml compared to 150 ng/ml in group B. There was no
significant difference between the mean peak brain ECF S-100B concentrations between the 2
outcome groups (P = 0.932).

Conclusions: We report that serum S-100B in 12 severely head injured patients was
significantly higher in those patients in the poor outcome group, and that there was no
significant difference in ECF S-100B between the good outcome and poor outcome groups.
These results are consistent with the body of literature which concludes that there exists a
strong correlation between elevated serum S-100B and a worse patient outcome following TBI.
The brain ECF S-100B levels however suggest that serum S-100B level may not merely be a
result of the primary parenchymal damage but may in part reflect blood-brain barrier
compromise secondary to the head injury. We suggest that the ratio of brain ECF S-100B to
serum S-100B may provide a biochemical measure of BBB function.
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INFLUENCE OF PUMP-FLOW MANAGEMENT DURING SELECTIVE CEREBRAL
PERFUSION ON REGIONAL AND GLOBAL CEREBRAL BLOOD FLOW, VASCULAR
RESISTANCE AND METABOLIC RATE
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Objective: Although hypothermic selective cerebral perfusion (SCP) is widely used for cerebral
protection during aortic surgery, little is known about the ideal pump-flow management during
this procedure. This study explored cerebral hemodynamics and metabolism at high- vs. low-
pump-flow rates.

Methods: 20 pigs (32-38 kg) were cooled on cardiopulmonary bypass (CPB) to 25°C. After
10min of HCA the animals were randomized to 60min of SCP, at two different pump-flow rates :
low-flow at 10 ml/kg/min (n=13) vs. high-flow at 20 ml/min (n=7), Fluorescent microspheres
were injected at baseline, coolest temperature, respectively at 5,15,25 and 60 min of SCP, to
calculate cerebral blood flow (CBF), cerebral vascular resistance (CVR), metabolic rate
(CMRO,) sagittal (SSP) and intracranial pressure (ICP) .

Results: Global CBF decreased during cooling to 49% of the baseline value (from 61+13 to
30£17 ml/min/100q). It recovered during the initial 15min of SCP, reaching baseline values in
the low-flow perfusion group (65+29 ml/min/100g), with a significant increase (p=0.015) in the
high-flow-group (139+41ml/min/100g). After 60 min of SCP the CBF slightly decreased (56126
ml/min/100g) in the low-flow-group, but showed an dramatic decrease (306 ml/min/100g) in the
high-flow-group. The pattern of global CBF change as a function of time was seen in all brain
areas, with some regional differences: the frontal cortex, the area with the highest regional
blood flow (RBF) (70£14 ml/min/100g) offered a mostly stable RBF, with no significant
differences between groups after 15min of SCP. During the last 35min of SCP the cortical RBF
decreased in both groups, reaching lower levels in the high-flow group (238 vs. 47+25
ml/min/100g). The RBF of cerebellum (68+16 ml/min/100g), pons (57+21 ml/min/100g) and
hippocampus (42+16 ml/min/100g) remained stable during the first 25 min of low-flow-SCP but
increased dramatically during the initial period of high-flow SP to 230%(cerebellum),
500%(pons) respectively 400%(hippocampus). During the last 35min of SCP the RBF
decreased in the high-flow-group, reaching only 46%(cerebellum), 87%(pons and
hippocampus). CVR increased in all animals during cooling to 25°C: from 1.1£0.4 to 2.2+0.8
mmHg/ml-min-100g. It stayed stable in both groups at 0.6 to 0.9 mmHg/ml-min-100g during the
first 25 min of SCP and increased during the last 35 min of SCP to 1.1£0.7 (low-flow) and
2.3+0.7(high-flow). ICP did not change during cooling to 25°C (11£3mmHg). Group differences
occurred after starting the SCP: whereas the ICP decreased slowly to 10+2 mmHg at low-flow
pressure, it showed a sudden rise to 17#3 mmHg in the high-flow group (p=0.001). SSP
changes presented a similar pattern: whereas the low-flow perfusion resulted in a slight SCP
decrease, alternating between 7 and 9 mmHg, the high-flow perfusion induced a persistent
increase up to 13+3 mmHg (p=0.007). Cooling to 25°C reduced the CMRO; from 3.5 £0.7 to
1.0£0.3 ml/min/100g. During SCP it recovered slightly reaching 51% in the low-flow- and 75% in
the high-flow group.



Conclusion: High-flow SCP doesn't improve RBF and CMRO, when compared to low-flow SCP
at 25°C: When provided for more than 25 min it increases CVR with following higher ICP and
SSP as clinical signs for cerebral edema..
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THE EFFECTS OF HIGH ALTITUDE AND DEXAMETHASONE ON PLASMA S-100B LEVELS
(A MEASURE OF BLOOD-BRAIN BARRIER FUNCTION)
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Objectives: Acute Mountain Sickness (AMS) or altitude sickness occurs in certain individuals
who ascend to high altitude (a hypobaric hypoxic 'stress') and may relate to mild cerebral
oedema associated with a disturbed blood-brain barrier (BBB). We aim to evaluate the effect of
ascending to high altitude (3700 m) on plasma S-100B levels (a measure of blood-brain barrier
function) and seek a correlation with the symptoms of altitude sickness. Dexamethasone is a
drug prescribed to treat or prevent the effects of high altitude, and is also known to attenuate
BBB dysfunction. We aim to confirm the effects of dexamethasone on both plasma S-100B
levels and the symptoms of altitude sickness.

Methods: A prospective study of fourteen healthy subjects who climbed Mt Fuji was
undertaken. Serial blood samples were taken at baseline, 1400m, 2590m, 3700m (the summit)
and during the descent at 2590m. Further baseline samples were taken over the next two days
and the trek was then repeated with samples taken at the same altitudes. Twelve subjects
completed both ascents. At the beginning of the second ascent 6 subjects were prescribed a
standard course of Dexamethasone used for the prevention and treatment of Acute Mountain
Sickness. Each blood sample was centrifuged for 3 minutes at 7,200 rpm (4400 g) using a
battery powered portable centrifuge, the plasma pipetted off and placed immediately into dry
ice. The volunteers documented Lake Louise Questionnaire assessment of acute mountain
sickness at each bleed point.

Results: Baseline plasma S-100B levels taken before the first ascent ranged between 0.08 -
0.53 pg/ml with an average of 0.15 pg/ml for the initial 14 subjects. The range for the peak S-
100B values reached during the first ascent was 0.17 - 0.6 pg/ml with the mean average peak
value for the first ascent being 0.37 pg/ml. This was an approximate 3 fold rise in the mean
average peak plasma S-100B levels compared to baseline. Five of the six subjects who took
dexamethasone on the second ascent had a significant reduction in mean average peak value
from 0.36 pg/ml during the first ascent to 0.19 pg/ml on the second ascent.

Conclusions: Ascending to 3700m resulted in elevation of plasma S-100B levels suggesting
that the hypobaric hypoxic stress resulted in increased 'leakiness' of the BBB. Furthermore,
those subjects who were prescribed dexamethasone, a drug known to attenuate BBB
dysfunction, showed significantly lower values during the second ascent, further supporting this
hypothesis. Plasma S-100B levels did not however correlate with symptoms of altitude sickness,
suggesting that although the BBB may become 'leakier' during ascent to high altitude, the
development of AMS may relate to other processes or that the BBB dysfunction is one part of a
multifactorial aetiology.

References:

1. Blyth BJ, Farhavar A, Gee C, Hawthorn B, He H, Nayak A, Stocklein V, Bazarian JJ.



Validation of Serum Markers for Blood-Brain Barrier Disruption in Traumatic Brain Injury. J
Neurotrauma. 2009 Sep;26(9):1497-1507.



120

PROGESTERONE AND ALLOPREGNANOLONE EXACERBATE HYPOXIC-ISCHEMIC
BRAIN INJURY IN IMMATURE RATS
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Cardiovascular Center Research Institute, Suita, Japan

Objectives: Progesterone (PROG) and its metabolite, allopregnanolone (ALLO, 3a-hydroxy-5a-
pregnan-20-one, 3a,5a-tetrahydroprogesterone) are neuroactive steroids that are present at
high concentrations in the fetal brains of humans and rats. The PROG and ALLO concentrations
decrease right after birth. ALLO is a potent positive modulator of y-aminobutyric acid A (GABA,)
receptor function (1). We examined the effect of exogenous administration of these steroids in
an immature rat model of hypoxic-ischemic encephalopathy.

Methods: Seven-day-old (experimental paradigm, P7), 14 day-old (P14), and 21 day-old (P21)
male and female Wistar rats underwent left carotid artery ligation, followed by 120 min, 80 min,
and 50 min of hypoxic (8% oxygen) exposure, respectively. The duration of the hypoxic
exposure was optimized to obtain similar degrees of brain injury in each age groups. PROG (10
mg/kg), ALLO (10 mg/kg), or vehicle were administered intraperitoneally, immediately before,
and then subcutaneously at 6 h and 24 h after the start of the hypoxic exposure. In a different
experimental paradigm, the GABA receptor antagonist, Bicuculline (2 mg/kg) was administered
intraperitoneally immediately before and subcutaneously, 6 h after each ALLO injection. Seven
days after the hypoxic-ischemic insult, the brains were removed and dissected into coronal 2-
mm sections. We then measured the area of the contralateral and ipsilateral hemispheres in
each brain section. The hemispheric volume for each brain was estimated by summing the
hemispheric area of the brain slices and then multiplying by the section interval thickness. We
evaluated the neuropathological injury in hematoxylin-eosin-stained sections from four brain
regions (cortex, hippocampus, striatum, thalamus) using a semi-quantitative scoring system, as
described previously (2).

Results: Treatment with either PROG or ALLO significantly reduced the ipsilateral hemispheric
volume after the hypoxic-ischemic insult in P7 (p < 0.01) and P14 (p < 0.05), but not P21 rats
compared with vehicle-treated rats. Both steroid treatments increased (exacerbated) the total
neuropathologic injury score in P7 rats, however, only the treatment with PROG showed any
statistically significant changes (p < 0.01). This detrimental effect was similar in the four brain
regions examined. The mortality was significantly higher in the ALLO treated animals (p < 0.05).
Treatment with lower doses of ALLO (3 mg or 1 mg) was less detrimental. The GABA receptor
antagonist, Bicuculline partially abolished the exacerbating effect of ALLO.

Conclusions: These findings indicate that both PROG and ALLO exhibit adverse effects in
hypoxic-ischemic brain injury in immature rats. Our results in immature rats are in contrast with
the results of an adult stroke model that showed neuroprotective effects of the two compounds
(3). These contrasting results may be due to developmental changes of GABA, receptor
function. GABA depolarizes immature neurons while hyperpolarizing mature neurons (4). Our
studies indicate that GABA, receptors may be involved in the detrimental effect of ALLO in
immature animals.
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SELECTIVE B,-ADRENORECEPTOR ANTAGONISTS PROVIDE NEUROPROTECTION
AGAINST TRANSIENT FOREBRAIN ISCHEMIA IN RATS

T. Goyagi, T. Nishikawa
Anesthesiology, Akita University Graduate School of Medicine, Akita-City, Japan

Introduction: Selective Bi-adrenoreceptor antagonists provide neuroprotective effects after
focal cerebral ischemia in experimental settings’?. Recently, post-treatment but not pre-
treatment with Bi-adrenoreceptor antagonists provide neuroprotection after forebrain ishemia®.
The present study was conducted to evaluate whether selective (4-antagonists, esmolol and
landiolol, would provide brain protection in a dose-response manner following transient forebrain
ischemia in rats.

Material and Methods: Adult male S.D. rats were anesthetized with halothane to maintain
normocapnia and normoxia. Rats received intravenous infusion of saline 0.5 mL/hr, esmolol 20,
200, 2000 mcg/kg/min, or landiolol 5, 50, 500 mcg/kg/min (n=10 in each group). Infusion was
initiated 30 min prior to ischemia and continued for 24 hr. Forebrain ischemia was induced by
hemorrhagic hypotension and occlusion of the bilateral carotid arteries, and was confirmed by
isoelectric EEG. At the end of 10-min ischemia, rats were reperfused. Neurological examination
was done at 1, 4 and 7 days after ischemia. Seven days after ischemia, the brains were stained
with hematoxylin and eosin. Intact cells in the CA1 hippocampal region were counted. The data
were analyzed using Kruskal-Wallis test and ANOVA. P < 0.05 was considered statistically
significant.

Results: Neurological deficit scores were lower in the rats treated with esmolol or landiolol at 1
day, 4 days and 7 days after ischemia, compared with saline-treated rats (P< 0.05), whereas no
difference was found among the different doses of esmolol or landiolol. The number of intact
neurons in the CA1 hippocampal region was significantly larger in the rats treated with esmolol
or landiolol than saline-treated rats, although there was no difference in the number of intact
neurons between esmolol- and landiolol-treated rats.

Conclusion: Administration of selective (1-adrenoreceptor antagonists improved neurological
and histological outcomes following forebrain ischemia in rats, irrespective of their doses.
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METASTATIC BRAIN NEOPLASM: PRELIMINARY PERFUSION CT STUDY
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Background and aims: Cerebral metastases depend on angioneogenesis to recruit blood
supply. Although tumor perfusion may predict control and outcome, to date perfusion changes in
response to radiotherapy have not been well studied. We used longitudinal dynamic contrast
enhanced reducing temporal resolution CT perfusion (CTP) before and after radiotherapy to
study tumor perfusion and permeability in cerebral metastasis.

Patients and methods: Patients with four or fewer cerebral metastases from lung cancer and
being treated with palliative whole brain radiotherapy (WBRT) were enrolled after IRB approval.
Serial CTP before, 0, 6 and 16 weeks after WBRT were obtained for the largest tumor. CTP
were done at a reducing temporal resolution manner where scan duration of 90 s was covered
by 30 acquisitions at reducing temporal resolutions of 1, 2, 4 and 8 s for acquisitions 1-10, 11-
20, 21-25, and 26-30, respectively. Microcirculation parameters of intracranial tumors including
cerebral blood flow (CBF), volume (CBV), vascular mean transit time (MTT) and permeability
(PS) were determined using a two-compartment distributed parameter method.

Results: Two woman patients (aged 58 and 46 years) completed enrollment.

Patient 1 only completed first two scans with the largest metastatic tumor diameter showing only
slight decrease (from 31 to 29mm) before and after WBRT. Most CTP parameters also had
insignificant changes (Fig 1, circles) although PS had the largest increase (from 37.12+49.89 to
42.77+70.77 ml/min/100ml). Four months after diagnosis of brain metastasis, MRI showed
stable tumor response.

Patient 2 had two metastatses within the CTP coverage (Fig 2). The largest tumor largest
diameter reduced from 27 mm before WBRT to 16 mm 22 weeks after WBRT. All CTP
parameters of the two tumors (Fig 1, triangles and squares) decreased from before WBRT to 16
weeks after WBRT (Fig 2 rightmost column). However, PS was very high at 6 weeks after
WBRT for the largest tumor (410.71£491.69 ml/min/100ml) and at immediately after WBRT for
the smaller tumor (470.20+617.70). 11 months after diagnosis, the largest metastatic tumor
progressed (largest diameter 40 mm) and required surgical removal. The other smaller tumors
remained in stable response.

Conclusion: The reducing temporal resolution acquisition strategy allows tracking of contrast
enhancement for longer time with lesser CT acquisitions thereby may improve quality of CTP
parameters such as PS and reduces the radiation dosage. Preliminary results suggest that
persistent increased of PS immediately and 6 weeks after radiotherapy may be a marker of late
relapse, even though CTP findings 16 weeks after radiotherapy showed normalization.
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HUMAN CHROMOSOME 21 AND NEUROPATHOGENESIS OF DOWN SYNDROME:
ASSOCIATION BETWEEN GENE OVERDOSAGE, BRAIN ABNORMALITIES, AND MENTAL
RETARDATION

M. Rachidi, C. Lopes
University of French Polynesia, Punaauia, French Polynesia

Down syndrome (DS), caused by a genomic imbalance of human chromosome 21 (HSA21), is
mainly observed as trisomy 21 and is the major genetic cause of mental retardation (MR). MR
and associated neurological and behavioural alterations results from dysregulation in critical
HSA21 genes and associated molecular pathways. Gene expression, transcriptome, proteome
and functional genomics studies, in human, trisomic and transgenic mouse models have shown
similar genotype/phenotype correlation and parallel outcomes suggesting that the same
evolutionarily conserved genetic programs are perturbed by gene-dosage effects. The
expression variations caused by this gene-dosage imbalance may firstly induce brain functional
variations at cellular level, as primary phenotypes, and finaly induce neuromorphological
alterations and cognitive deficits as secondary phenotypes. The identification of trisomic genes
overexpressed in the brain and their function, their developmental regulated expression and
their downstream effects, their interaction with other proteins, and their involvement in
regulatory and metabolic pathways is giving a clearer view of the origin of the MR in DS. This
lead to the identification of potential targets in the altered molecular pathways involved in mental
retardation pathogenesis, such as Calcineurin, NFATs and MAPK pathways, that may be
potentially corrected, in the perspective of new therapeutic approaches. Treatment of DS mouse
models with NMDA receptor or GABA, antagonists allowed post-drug rescue of cognitive
deficits. Besides these new pharmacotherapies, the regulation of gene expression by
microRNAs or small interfering RNAs provide exciting possibilities for exogenous correction of
the aberrant gene expression in DS and provide potential directions for clinical therapeutics of
mental retardation. Herein, we highlight the genetic networks and molecular mechanisms
implicated in the pathogenesis of mental retardation in Down syndrome and, thereafter, we
outline some of the therapeutic strategies for the treatment of this yet incurable cognitive
disorder with hard impact on public health.
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FUSION OF NEAR-INFRARED AND MAGNETIC RESONANCE SPECTROSCOPY
DELIVERS NOVEL MULTIMODAL INVESTIGATION OF NEONATAL HYPOXIC-ISCHAEMIC
BRAIN INJURY

I. Tachtsidis', A. Bainbridge?, S. Faulkner®, S. Mahoney’, D. Price?, D. Thomas*, E. Cady?, N.
Robertson®, X. Golay*

"Medical Physics and Bioengineering, University College London, ?Medical Physics and
Bioengineering, University College London Hospitals, *Institute for Women's Health, *Institute of
Neurology, University College London, London, UK

Introduction: Neonatal brain injury after hypoxia-ischaemia (HI) involves a complex cascade of
events involving initial necrosis and delayed programmed cell death. Using magnetic resonance
spectroscopy (MRS), our piglet model previously defined the biphasic pattern of energy
disruption during and after HI[1]. However, the precise relationship between energy failure and
cell death remains unclear.

Aim: To combine near-infrared spectroscopy (NIRS) with MRS during and after cerebral HI in
the piglet thereby enabling simultaneous measurement of cerebral oxygenation,
haemodynamics and energy metabolism.

Methods: Experiments were under UK Home Office guidelines. An anaesthetised and
ventilated newborn piglet (aged < 24hr) was positioned in the bore of a 9.4 Tesla Varian
spectrometer with a 60mm diameter MRS surface coil and two end-on optodes (~30mm apart,
midline equidistant) on the intact scalp.

Whole-brain proton (1H) and phosphorus (31P) MRS were acquired every minute. 1H MRS
used PRESS (repetition time (TR) 5sec, echo time 288ms, 12 averages, 2x2x2cm voxel centred
entirely within brain); 31P MRS used simple pulse-acquisition (TR 10sec, 12 averages). Spectra
were analysed (AMARES; jMRUI software) to give the peak-area ratios Lactate (Lac)/N-
acetylaspartate (NAA), NAA/creatine (Cr), phosphocreatine (PCr)/inorganic phosphate (Pi), and
nucleotide triphosphate (NTP)/total exchangeable phosphate (epp=PCr+Pi+3NTP).

Broadband light was passed through a 610nm long-pass filter and transmitted to the head via
an optic-fibre bundle. Reflected NIRS spectra (650-980nm) were collected via a second optic-
fiber bundle onto a spectrograph with a cooled CCD detector. Exposure was typically 1-2sec.
Absolute changes in oxyhaemoglobin (A[HbO,]), deoxyhaemoglobin (A[HHb]) and cytochrome-
c-oxidase redox state (A[ox-redCCO]) were measured; concentration changes in total
haemoglobin (A[HbT]=A[HbO,]+A[HHb]) and haemoglobin difference (A[Hbdiff|=A[HbO,]-
A[HHDb]) were then derived. Simultaneous 31P MRS and NIRS were done during brief hypoxia
(Sa0, down to 60%) and 1H MRS and NIRS during HI (~25mins bilateral carotid occlusion and
hypoxia).

Results: Brief hypoxia alone resulted in large changes in brain oxygenation and
haemodynamics(Fig.1(a)). However,A[ox-redCCO], PCr/Pi, and NTP/epp remained in their
normal ranges. These results contrast with our recent healthy adult studies were we
demonstrated significant linear correlation between estimated cerebral oxygen delivery and
Alox-redCCOQO][2].

HI resulted in a rapid drop in brain oxygenation closely followed by a reduction in A[ox-redCCO];



NAA/Cr declined quickly with Lac/NAA increasing shortly afterwards (Fig.1(b)). Upon insult
reversal there was a hyperaemic phase followed by slow recovery of brain oxygenation. During
recovery there was a period of reduced A[ox-redCCO] and increased oxygenation while
Lac/NAA began to decline followed by [ox-redCCO] overshoot.

Conclusion: Combining MRS with NIRS data suggest a switching between anaerobic and
aerobic metabolism during HI and a hyperoxic phase at the start of reperfusion. Such
multimodal imaging may improve understanding of the haemodynamic and metabolic responses
of newborn brain during and after HI and the relation between cell death and energetics; and
may direct therapies targeting oxidative stress immediately post HI.

References:

[1]Lorek A. et al. Pediatr.Res.,36,699-706(1994).

[2]Tisdall M. et al. JBO,12:2,024002(2007).



[Figure 1]

(a)31P MRS and NIRS results during the brief hypoxia; (b)1H MRS and NIRS results during the
HI.
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BRADYKININ-ANTAGONIST ABOLISHES THE EFFECT OF ANGIOTENSIN CONVERTING
ENZYME INHIBITORS AND ANGIOTENSIN RECEPTOR BLOCKERS ON THE LOWER
LIMIT OF CBF AUTOREGULATION

0.B. Paulson'?, S.T. Sigurdsson'?, A.H. Nielsen®, S. Strandgaard®

"Neurobiology Research Unit, N-9201, Copenhagen University Hospital, Rigshospitalet,
Copenhagen, “Danish Research Center for Magnetic Resonance, Copenhagen University
Hospital, Hvidovre, *Dept. of Nephrology, Copenhagen University Hospital, Herlev, Denmark

Objectives: Autoregulation denotes the constancy of cerebral blood flow (CBF) within rather
wide physiological limits of arterial blood pressure; below a certain limit of blood pressure CBF
starts to decline..The lower limit of autoregulation of CBF can be modulated with both
angiotensin converting enzyme (ACE) inhibitors and angiotensin receptor blockers (ARB). The
bradykinin 2 (B2) receptor antagonist (Hoe 140) abolishes the effect of ACE-inhibition on
autoregulation of CBF. The influence of bradykinin antagonism on ARB-induced changes was
the subject of this study.

Methods: CBF was measured in Sprague-Dawley rats with laser Doppler technique. The blood
pressure was lowered by controlled and stepwise bleeding. Six groups of rats were studied: a
control group and five groups given drugs intravenously: an ACE-inhibitor (enalaprilat), an ARB
(candesartan), Hoe 140, a combination of enalaprilat and Hoe 140, and a combination of
candesartan and Hoe 140.

Results: In the control group the lower limit of CBF autoregulation was 54 + 9 mmHg (mean
SD), in the enalaprilat group 46 * 6, with candesartan it was 39 + 8, with Hoe 140 53 % 6, with
enalaprilat/Hoe 140 52 + 6, and with candesartan/Hoe 140 50 + 7. There was a statistically
significant difference between both the enalaprilat group and the candesartan group vs. control.
Bradykinin-inhibition with Hoe 140 abolished the effect of enalaprilat and candesartan on
autoregulation of CBF.

Conclusion: The bradykinin antagonist abolished not only the effect of the ACE inhibitor but
also the effect of the ARB on the lower limit of CBF autoregulation. Thus, bradykinin seems to
have an integral role in how the RAS modulates the cerebral circulation.



[Figure]

The figure shows a scatter plot of the results and the bars are standard error of means. The
reduction of the lower limit of CBF autoregulation following inhibition of angiotensin by ACE-
inhibitors or ARB is abolished by the bradykinin receptor blocker.
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TOF-PET DETECTOR DEVELOPMENT AND IDENTIFICATION OF TINY TUMORS USING
BRAIN PHANTOM

N.N. Mondal
Physics Group, Variable Energy Cyclotron Center (VECC), Kolkata, India

It is important to keep on eye on detection efficiency, energy, time and spatial resolutions,
resolving power, signal to noise ratio (SNR) and so on, when a TOF-PET detector is developed.
This kind of information can be perceived earlier of the proposed detector by the help of Monte
Carlo Simulation (MCS) based on GEANT. An extensive MCS studies are performed in order to
find detection efficiencies, spatial resolutions and resolving powers of the TOF-PET detector.
Cerium activated Lutetium Oxyorthosilicate (Lu,SiOs:Ce in short LSO), Barium Fluoride (BaF;)
and BriLanCe 380 (Cerium doped Lanthanum tri-Bromide, in short LaBr;) scintillation crystals
are studied in view of their good time and energy resolutions and shorter decay times. The
results of MCS show that spatial resolution, detection efficiency and resolving power of LSO are
better than those of BaF, and LaBrj, although it possesses inferior time and energy resolutions.
Instead of the conventional position reconstruction method, position vector (PV) method is
utilized in order to produce high-tech images. Validation is a momentous step to ensure that this
imaging method fulfills all purposes of motivation will be discussed by reconstructing images of
two tiny tumors in a brain phantom. X-ray, CT, MRI, NMR, TOF-PET and PET/CT imaging
techniques are available. RPC-PET and GEM-PET are now in R&D stage and their
performance will be discussed.
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IMPACT OF ISCHEMIC PRECONDITIONING ON EXCITATORY POSTSYNAPTIC CURRENT
(EPSC) AND AMPA / KAINATE-ACTIVATED CURRENTS IN PRIMARY CORTICAL
NEURONS

S. Maysami'?, A. Pearson?, V. Jessick?, R. Simon?, Z. Xiong? R. Meller?

’Facu/ty of Life Sciences, The University of Manchester, Manchester, UK, 2Dow Neurobiology,
Legacy Health Research, Portland, OR, USA

Ischemic preconditioning is described as non-injurious ischemic stimuli that activate different
signaling pathways to protect neuronal cells from a subsequent injurious ischemic insult. Rapid
ischemic tolerance occurs 30 -60 min following the preconditioning event, and our recent
studies suggest a synaptic mechanism may mediate the protection. Here we report our
observations on primary cortical neurons from rat (Sprague-Dawley: 14 DIV) subjected to brief
oxygen-glucose deprivation (30 min: ischemic preconditioning). Preconditioning significantly
reduced the frequency of EPSCs recorded from cortical neurons, when measured
approximately 30-45 min after 30min preconditioning (oxygen-glucose deprivation). Ischemic
preconditioning reduced AMPA and kainate-activated current amplitude and increased the
desensitization time constant of AMPA-activated current. Concentration response demonstrated
a shift to the right in both AMPA and kainate current amplitude. Hence, here we demonstrate for
the first time that ischemic preconditioning can regulate EPSC and kinetics of AMPA / Kainate
activated currents in neurons to potentially minimize the susceptibility of these cells to ischemic-
injury.

This work is supported by NIH grant RO1 NS059588 to R. Meller.
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GLIAL GLYCOLYTIC GAPDH ACTIVITY MODULATES THE RESTING CEREBRAL
METABOLIC RATE OF GLUCOSE AND CA*?- DEPENDENT EXCITATORY
NEUROTRANSMITTER RELEASE

C. Poitry-Yamate', M. Cotte?, A. Giannocelli®, L. Lecomte', B. Lanz', M. Jourdain', J. Susini?,
G. Margaritondo’, R. Gruetter'

"Centre d'Imagerie Biomédicale, Ecole Polytechnique Fédérale de Lausanne, Lausanne,
Switzerland, 2European Synchrotron Radiation Facility, Grenoble, France, SELETTRA
Synchrotron Facility, Trieste-Basovizza, Italy

Objective: CMR(,/CMRg:. human PET studies indicate that the brain uses glycolysis
independently, or in combination with oxidative metabolism during evoked functional brain
activity (1). We addressed the question whether this occurs during resting functional brain
activity to elucidate cellular compartmentation of brain energy metabolism that underlies
function. The direct contribution of glycolysis to resting CMRg. was assessed using iodoacetate
(IAA), an inhibitor of glycolysis. The thio-ether bond between IAA with the active center of
GAPDH enabled identifying the cellular locus of IAA, and assessing the cell-type specific role of
GAPDH activity on resting CMRglc and Ca*?-dependent neurotransmitter release.

Methods: Dynamic in vivo y photon-based '"®FDG PET and B photon-based "®FDG detection
were performed in parallel, in the presence and absence of IAA (50-55mg/kg), to determine the
time course of DG in rat cerebral tissue and blood. The cellular distribution of endogenous Ca*?,
and exogenous IAA and Mn, a calcium analogue, were determined in a CNS model of the dark-
adapted retina ex vivo using synchrotron based high energy x-ray fluorescence (HEXRF)
mapping and spectromicroscopy.

Results: CMRy, was 20.4 + 0.6 ymol/100g/min, an expected metabolic activity in rodents under
isoflurane anesthesia (2). Glycolysis contributed >35% to resting CMRglc as deduced from
CMRy in the presence of IAA. IAA exerted its effect in 3 additional ways: steady-state levels of
"®FDG6BP were lowered >30%; imaged '®FDG6P across the brain was fairly uniform, yet the
regional variance of "®FDG6P within a volume of interest was raised by > 70%, suggesting that
IAA --a derivative of acetate, a glial-specific substrate - had a differential effect on the brain's
major cell types. HEXRF mapping demonstrated IAA's localization to glia and its absence in
excitatory and inhibitory neurons. Synaptosomal calcium/Mn uptake into first -and second-order
excitatory retinal neurons was moreover reduced by 75% and >95% by IAA binding to GAPDH.

Conclusion: These results indicate that glycolysis alone can contribute substantially to resting
CMRgyc, and that the flow of glucose through glycolysis and oxidative metabolism is not
necessarily continuous within the same cell. Since GAPDH isoforms are reported to catalyze
either glycolytic flux or synaptic vesicular glutamate uptake/vesicle-membrane fusion activity,
but not both (3,4), the present study suggests a role for glial glycolytic GAPDH activity in
supporting basal CMRgc and Ca*?-dependent excitatory neurotransmitter release. This imposes
an obligatory coupling between oxidative CMRy in neurons and glycolysis in glia.

References:
(1) Fox PT et al., 1988. Science, 241:462-464.

(2) Toyama H et al., 2004. J Nucl Med 45:1398-1405.



(3) Glaser PE et al., 2002. Proc Natl Acad Sci. 99:14104-14109.

(4) lkemoto A et al., 2003. J Biol Chem 278: 5929-5940.
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THE SPATIO-TEMPORAL DISTRIBUTION OF SMOOTH MUSCLE ACTIN-POSITIVE CELLS
IN A RAT MODEL OF STROKE: THE EXPRESSION OF DEFINITIVE CELL MARKERS

P.J. Wookey', V. Sharma? T.W. Ling? S.S. Rewell’, D.L. Hare', D.W. Howells®

"Medicine, University of Melbourne, *Cardiology, Austin Health, *Florey Neurosciences Institute,
University of Melbourne, Heidelberg, VIC, Australia

Introduction: In brain, non-neuronal cell types that are activated following ischaemic events are
thought to play an important role in the restriction of damage, particularly neuronal death,
around and within the infarct. However, the identity of cell types is often complicated by the
limited range of specific markers tested and poor resolution of markers in relation to cell
structure. Knowledge of these cells might aid in the formulation of strategies to restrict damage
and its neurological consequences.

Aims: In the spontaneous hypertensive rat (SHR) model of induced stroke, the spatio-temporal
distribution of smooth muscle actin-positive (aSMA+) cells was investigated in the peri-infarct
region. Furthermore, additional markers expressed by these cells were investigated to confirm
cell identity. Finally, the expression of feline leukaemia virus C receptor 2 (FLVCR2) recently
associated with pericytes in the developing brain was also investigated.

Methods: The SHR model of stroke was generated by the temporary occlusion of the middle
cerebral artery which resulted in an infarct in the region of the lateral striatum and the cortex of
the frontal lobe. Staining of aSMA+ cells for spatio-temporal analysis was performed using a
standard immuno-histochemical protocol including an amplification step. A series of coronal
paraffin sections was cut through the region of infarct from at least two brains. Every third
section was processed and stained using a monoclonal antibody against aSMA. The images
were captured at high magnification and analysed using MCID software with settings adjusted
such that the brown stain was highlighted. Secondly, frozen sections were also cut in the
coronal and sagittal planes, and positive cells that expressed aSMA, NG2, glial acidic fibrillary
protein (GFAP) and FLVCR2 analysed using multi-channel immuno-fluorescence and confocal
microscopy with Z-plane devolution to confirm coincident expression.

Results: At day 3 (post-ischaemic insult), on the ipsilateral compared to contralateral side, high
densities of aSMA+ cells were located principally in three main concentrations. The first (A)
being the most dense, was found in the medial corpus callosum, adjacent to the junction
between the striatum and lateral ventricle. The second (B, < dense than A) was located further
ventral approximately midway through the striatum adjacent to the lateral ventricle, and the third
(C, low density), on the lateral border of the striatum, adjacent the dorsal endopiriform nucleus.
By day 7, few cells in these regions were aSMA+. Confocal analysis of individual aSMA+ cells
demonstrated both GFAP+ (predominant in A) and GFAP- (predominant in B & C) phenotypes
corresponding to astroglia and putative pericytes, respectively. In B & C two morphologically
distinct populations of pericytes were evident, one integrated in vessel walls and the other
loosely associated with micro-vessels. FLVCR2 was expressed by the putative pericytes and a
subset of the GFAP+ cells.

Conclusions: Putative pericytes (aSMA+, GFAP-) and astrocytes (aSMA+, GFAP+) were
discovered in the peri-infarct region principally located in three defined regions with maximal
numbers about day 3 post-ischaemia. This peak coincides with the period of maximal neuronal
death in the infarct region and suggests a role for these cells in restricting damage.
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HIGENAMINE PROTECTS HYPOXIA-INDUCED BRAIN APOPTOSIS BY ACTIVATION OF
NRF-2 AND PI3K PATHWAYS AND REDUCES HMGB1 RELEASE

Y.M. Ha', M.K. Park?, H.J. Kim', H.G. Seo', J.H. Lee’, K.C. Chang'
"Gyeongsang National University, Jinju, >’Seoul National University, Seoul, Republic of Korea

Ischemic stroke causes a very extensive health problem throughout the world. Reactive oxygen
species (ROS) and inflammation play key roles in ischemic injury in the brain. The purpose of
this study was to test our hypothesis that higenamine protects brain cells from ischemic
damage, in which heme oxygenase (HO)-1 induction plays a key role. Higenamine increased
HO-1 expression in C6 cells in both hypoxia and normoxia, in which the former was much more
significant than the latter. Higenamine significantly and concentration-dependently protected the
C6 cells against hypoxic injury. The increased cell viability by higenamine in hypoxia was
significantly inhibited by ZnPPIX, an inhibitor of HO-1. Phosphoinositol-3-kinase inhibitor, LY
294002 inhibited increasing phosphorylation of Akt and HO-1 induction by higenamine in C6
cells. Higenamine increased Nrf-2 luciferase activity and translocated Nrf-2 to nucleus in C6
cells. Apoptosis induced by glucose/glucose oxidase in C6 cells was prevented by higenamine,
which effect was reversed by LY 294002. Administration of higenamine (i.p) significantly
reduced brain infarct size, mortality rate, blood MPO activity and tissue expression of HMGB1 in
middle cerebral artery occluded rats, which were inhibited by ZnPPIX. Recombinant HMGB1
caused apoptosis in C6 cells by increasing Bax/bcl-2 ratio and cytochrome c release, which was
diminished by higenamine. Taken together, it is concluded that higenamine, at least in part,
protects brain cells against hypoxic damages by up-regulation of HO-1. Thus, higenamine may
be beneficial for the use of ischemic injuries such as stroke.



138

INFLAMMATORY CYTOKINES CAN INCREASE THE PERMEABILITY OF BLOOD-BRAIN
BARRIER IN HIGH ALTITUDE CEREBRAL EDEMA

Q.Q. Zhou, Y.J. Luo, P. Guo

Department of High Altitude Disease,College of High Altitude Military Medicine, Third Military
Medical University, Chongqing, China

Background: Inflammatory cytokines can increase of permeability of blood-brain barrier (BBB)
in the cerebral edema. Whether high altitude hypoxia environment exposure could raise the
permeability of blood-brain barrier wasn't clear.

Objective: To explore the relationship between the permeability change of BBB and
inflammatory cytokines in rats which were exposed to the different altitudes.

Methods: The rats were directly exposed in the different altitudes and time, the contents of
TNFa, ET in brain were measured by radioimmunoassay, the activities of NO, SOD, MDA, GSH
AND GSH-PX in the brain were measured by chemical method, the content of VEGF in the
brain was detected using ELISA, the permeability of blood-brain barrier was measured by EB
transmittance, and the percentage of brain water content by brain wet-dry gravimetric method.

Results: The activities of VEGF, TNFa, ET, NO, SOD, MDA and GSH in the rats' brain were
gradually roused with the increase of altitude and exposure time. The most obvious increase of
activity was found in high altitude area (5000m)-9d group. Meanwhile, the permeability of BBB
to EB and brain water content also elevated accordingly. Histo- and ultramicrostructure
detections showed that there were many lanthanum nitrate granules leaking from the cortex
vessel of rat brain. Furthermore, the content of brain inflammatory mediators and brain water
contents is positively correlated. These suggested that VEGF, TNFa, ET, NO, SOD and MDA
played an important role in the increase of the permeability of BBB, which involved in the high
altitude cerebral edema.

Conclusion: VEGF, TNFa, ET, NO, SOD and MDA played an important role in the increase of
the permeability of BBB during high altitude environment exposure. They were the key factors
for the increase of the permeability of BBB, which was directly related to high altitude cerebral
edema. This work was supported by the “Eleventh Five-Year Plan” for Sci & tech Research of
the Chinese PLA (No.2008Z093), and the National Science and Technology Ministry (No.
2009BAI85B03).
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INTERVENTION EFFECT OF GINKGO BILOBA EXTRACT ON THE LEAKAGE OF
CEREBRAL MICROVASCULAR IN HIGH ALTITUDE HYPOXIA EXPOSURE

Q.Q. Zhou, Y .J. Luo, Y.X. Gong

Department of High Altitude Disease, College of High Altitude Military Medicine, Third Military
Medical University, Chongqing, China

Objective: To observe the protective effect of ginkgo biloba extract (GBE) on the blood-brain
barrier of rats, and stated its mechanism initially.

Methods: 48 SD rats were randomly divided into 4 groups. The experimental high altitude
cerebral edema model in rat was in hypoxic surroundings, through modeling 7000 meters
altitude in low-voltage for 3 days. GBE pretreatment group are given GBE at the standard of
60mg/kg/day by the first three days of hypoxia, GBE anaphase treatment group are given GBE
by the same dose at the time of 24 hours after hypoxia to the end of decompression hypoxia. To
evaluate the influence of GBE on the brain water content by exposing to hypoxia with the
method of doing wet ratio; observing the influence of GBE on blood-brain barrier permeability by
exposing to hypoxia with the anthanum nitrate tracer method.

Results: The results showed that the brain water content was significantly increased under high
altitude exposure, for 80.53 +0.06%, higher than 74.62 +0.05% brain water content of the plain
control group. to the animal brain water content of the intervention given GBE intervention group
Under altitude exposure was significantly lower than the animals of simple exposed to high
altitude, in between the plain control group and the high altitudes control group for 76.35
+0.03%. The brain water content in the GBE early intervention group was lower than GBE late
intervention group (P< 0.01), showed that GBE early pretreatment can alleviate the cerebral
edema induced by hypoxia at some extent is better than the effects of GBE late treatment
interventions enter after plateau. Ultrastructure observing of rat brain showed that the cerebral
cortex the lanthanum nitrate less leakage, and most of the lanthanum granules concentrated in
the cerebral blood vessels in the plain control group. The cerebral cortex visible leakage more
the lanthanum nitrate, and dispersed in the brain cortex in the high altitude control group.
Lanthanum nitrate leaking out of cerebral cortex in the early GBE intervention group significant
lower than the high altitude control group, the grana of lanthanum nitrate was concentration on
the surface of endothelial cells. leaking of lanthanum nitrate in cerebral cortex in the later stage
GBE intervention group more mult than in the early GBE intervention group, but low significant
than the high altitude control group. These result showed that the GBE pre-treatment and post-
treatment intervention can protect the blood-brain barrier, abatement the injury of tight junctions
between endothelial cells, reduce or prevent the lanthanum nitrate leakage to the brain tissue.

Conclusion: GBE has some protective effect on the increasing of the permeability of the blood-
brain barrier when it is exposed to hypoxia.

This work was supported by the “Eleventh Five-Year Plan” for Sci & tech Research of the
Chinese PLA (No0.20082093), and the National Science and Technology Ministry (No.
2009BAI85B03).
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CEREBRAL BLOOD FLOW MEASUREMENT AND ITS CLINICAL VALUE IN THE
POPULATION WHO RAPID ENTRY TO HIGH ALTITUDE REGIONS

Q.Q. Zhou, Y.J. Luo, P. Guo

Department of High Altitude Disease, College of High Altitude Military Medicine, Third Military
Medical University, Chongqing, China

Objective: To investigate the relationship of cerebral blood flow with acute high altitude cerebral
edema and the clinical value of cerebral blood flow measurement in rapid entry population to the
plateau.

Methods: The cerebral blood flow of 496 persons who rapid ascended to high altitude regions
was observed in higher altitude regions (>4800m).

Results: The cerebral blood flow of rapid entry population to high altitude was more obviously
increased than that of those as the lower altitude region. The cerebral blood flow of acute high
altitude response and acute mountain sickness in rapid entry population to high altitude were
higher than those of the adaptation population to high altitude. “Mountain sickness prophylactic”
was used to prevent acute mountain sickness or to inspire oxygen or carrying oxygen can
decreased significant the cerebral blood flow of rapid entry persons to high altitude and acute
mountain sickness' patients in rapid entry population to high altitude regions, decreased the
morbidity of acute mountain sickness.

Conclusion: Monitoring the cerebral blood flow of rapid entry persons to high altitude, may not
only detect the mountain sickness, but also predict susceptive persons with acute mountain
sickness. Therefore, the determination of cerebral blood flow may proved an important
theoretical basis for forecasting the incidence of acute mountain sickness in rapid enter
population to high altitude regions, and early treatment and prevention of acute mountain
sickness.

This work was supported by the “Eleventh Five-Year Plan” for Sci & tech Research of the
Chinese PLA (No0.2008Z093), and the National Science and Technology Ministry (No.
2009BAI85B03).
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RELATIONSHIP BETWEEN WATER CONTENT OF BRAIN AND CEREBRAL EDEMA OF
RATS EXPOSED AT THE DIFFERENT ALTITUDE REGIONS

Q.Q. Zhou, Y.J. Luo, P. Guo

Department of High Altitude Disease, College of High Altitude Military Medicine, Third Military
Medical University, Chongqing, China

Objective: To investigate the pathogenesis of acute high altitude cerebral edema, and the
relationship between the water content of brain and cerebral edema in rats exposed in different
altitude gradient.

Methods: 178 healthy adult kunming rats were randomly divided into seven groups, each 26
rats, they were transported separately to Golmud (2807m), Mt.kunlun (4750m), Lanzhou
(1500m) and executed by dislocation of the cervical vertebra at differential time in plateau. The
animals of Golmud and Mt.kunlun from Lanzhou transported by car to Golmud city in two days,
at Golmud city stay for three days, except that some executed animals, the rest animals were
transported to the station of Mt.kunlun from Golmud city in a day. The rest animals were
executed within 1, 3, 5, 7, 9 day separately after enter to plateau. The brain and viscera were
takan to observe the water content of tissue and their histomorphology. The wet-dry ratio and
water content of brain tissue were measured; samples were taken from the brain tissue and
other viscera and fixed later for light microscopy and electomicoscopy observation.

Results: After rats rapidly enter higher altitude region from lower altitude region, their wet-dry
ratio and water content of brain tissue were obviously increased with altitude increased. At the
high altitude regions with prolonged stay, the wet-dry ratio and water content of brain tissue
were obviously increased, especially at 7day, after enter into high altitude regions. The value
was highest, significantly different compared that at 1, 3, 5 days. Histological examinations
showed that neurons swelling and vascular degeneration in intracytoplsmic neurons. The
peripheral gap of gliocyte and microvaessels was increases, these changes were marked in the
7 day group.

Conclusion: Rats rapid entry into higher altitude regions from lower altitude regions may result
in formation of acute high altitude cerebral edema, which attack within 5-7 days after being
entered into high altitude regions from lower altitude region.

This work was supported by the “Eleventh Five-Year Plan” for Sci & tech Research of the
Chinese PLA (No0.20082093), and the National Science and Technology Ministry (No.
2009BAI85B03).
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ANALYSIS OF THERAPEUTIC EFFECT AND INFLUENCING FACTORS ON HIGH
ALTITUDE CEREBRAL EDEMA TREATED ON THE SPOT AT HIGH ALTITUDE REGIONS

Q.Q. Zhou, Y.J. Luo, P. Guo

Department of High Altitude Disease, College of High Altitude Military Medicine, Third Military
Medical University, Chongqing, China

Objectives: To investigate the curative effect of treatment on the spot in high altitude regions
for high altitude cerebral edema (HACE).

Methods: Hosptalization cases of the past 50 years were studied by retrospoetive survey,
according to epidemiological studies and retrospective case series, analyzing on the therapeutic
effect of HACE treated at high altitude region on the spots, and the factors of influence
therapeutic effect were sought.

Results: Through treatment on the spot for HACE of 328 cases in high altitude regions,
319 (97.3%) cases was successfully cured, average hosptalization time was 8.9 days.
Analysis of 328 cases showed that the multiple organ dysfunction were, leading factors of
influencing therapeutic effect, in which 56 per cent of them were accompanied by high altitude
pulmonary edema, 41 per cent of them are accompanied by renal insufficiency, 14 per cent of
them are accompanied by cardiac insufficiency, three organ lesion at the same time account for
12.5 per cent. five organ damage involved in 6 patients, four organs involved in 11 patients,
three organs involved in 24 cases, respectively, 1.83% of total cases, 3.35%, 7.32%; three
organs by A total of 41 cases of loss of cases, accounting for 12.5% of all cases. Multiple
deaths associated with MODS, can be seen in patients with high altitude cerebral edema are
more or less to the existence of late MODS, particularly heavy and very heavy patients with high
altitude cerebral edema, indicating that high altitude cerebral edema complicated by MODS is
the effect of local treatment major factor. Therefore, strengthening the HACE complicated by the
diagnosis and treatment of MODS, is to improve the success rate of treatment of high altitude
cerebral edema, an important guarantee. HACE complicated by multiple organ dysfunction
syndrome after clinical treatment should be adhered to: multi-channel oxygen to ensure
adequate oxygen inhalation; early mechanical ventilation; early dehydration diuretic to reduce
intracranial pressure; early use of mild hypothermia therapy to reduce the oxygen consumption
of brain tissue; early treatment of complications, to prevent the occurrence of multiple organ
failure.

Conclusion: HACE accompanied by multiple-organ dysfunction syndromes was the primary
factors of influencing, strengthen the treatment of high altitude cerebral edema complications is
an important measure to improve the cure rate.

This work was supported by the “Eleventh Five-Year Plan” for Sci & tech Research of the
Chinese PLA (No0.2008Z093), and the National Science and Technology Ministry (No.
2009BAI85B03).
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EARLY DIAGNOSIS AND CLASSIFICATION TREATMENT OF HIGH ALTITUDE CEREBRAL
EDEMA

Q.Q. Zhou, Y.J. Luo, P. Guo

Department of High Altitude Disease, College of High Altitude Military Medicine, Third Military
Medical University, Chongqing, China

Background: For a long time on treatment of high altitude cerebral edema only way is to find
the patient, and rapidly transported to low altitude region. But the long-distance transportation,
transit and other factors not timely treatment, mortality is high.

Objectives: To investigate early diagnosis and classification treatment of high altitude cerebral
edema.

Methods: Screening patients suspected of high altitude cerebral edema (HACE), by acute
mountain sickness symptoms indexing, observed the early symptoms, signs and laboratory
examinations.

Results: Early diagnosis of high altitude cerebral edema have necessary the conditions: (D
recently entered the plateau from the plains (above 3000m), or by the plateau into the higher
altitudes, severe headache, vomiting (all symptoms of acute mountain sickness scores were>4);
live in the highlands by the bed, a small flow of oxygen and no relief after symptomatic
treatment. @ Cyanosis, retinal abnormalities: including papilledema, optic disc hyperemia,
retinal artery spasm. (3 MRI examination can be found in the brain parenchyma T1wl low signal
and high signal on T2WI spots or small sheet changes. @ Blood examination showed WBC
increased. (& Continuous and progressive development of hypoxemia and respiratory alkalosis.
©® Abnormal EEG examination revealed mainly slow performance.Principle of classification
treatment of High altitude cerebral edema in high altitude regions is: (1) Light cerebral edema:
Treatment with bed rest, oral furosemide, prednisone, methyl-testosterone, 1 or 2 times / day,
given the appropriate analgesia and sedation.(2)Moderate cerebral edema: Treatment with
absolute bed rest, intermittent oxygen inhalation or skin download carrying oxygen,
intramuscular injection of furosemide, dexamethasone, anisodamine, promethazine or
diphenhydramine, 1-2 times / day, changed to oral administration after stop vomiting. (3)Severe
cerebral edema: Treatment with absolute bed rest, continuous oxygen inhalation, if necessary,
tracheal intubation or incision pressurized inhalation oxygen. The first intramuscular injection of
dexamethasone or diphenhydramine, followed by intravenous infusion of 10% glucose plus
dexamethasone, furosemide, and vitamin C, 2-3 times /day, and head cooling, alternate energy
medicine or energy mixture. (4) Very severe cerebral edema: Treatment of severe cerebral
edema in addition to the treatment principles, mainly handling with complications. Given
antibiotics if with infection; Increase the dose of diuretic dehydration with heart failure;
pressurized oxygen inhalation, implementation of hibernation therapy, increase the amount of
dehydration drugs. The patients may be delivery to low altitude region after condition stable.

Conclusions: Early detection of patients, early diagnosis and treatment in high altitude region
by grade, can reduce mortality and improve the cure rate is the key to treatment of high altitude
cerebral edema. This work was supported by the “Eleventh Five-Year Plan” for Sci & tech
Research of the Chinese PLA (N0.2008Z093), and the National Science and Technology
Ministry (No. 2009BAI85B03).
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SIGNALING REGULATING MECHANISMS OF OCCLUDIN IN THE BLOOD-BRAIN
BARRIER PERMEABILITY CHANGES

Q.Q. Zhou, Y.J. Luo, P. Guo

Department of High Altitude Disease, College of High Altitude Military Medicine, Third Military
Medical University, Chongqing, China

Objectives: To investigate the effects and signaling regulating mechanisms of occludin in
Blood-Brain Barrier Permeability.

Methods: Through literature review to explore the signaling regulatory mechanisms of occludin
in the blood-brain barrier permeability changes.

Results: As an important transmembrane protein in brain microvascular endothelial cells
(BMVECSs) tight junction, occludin play a crucial role in regulation of blood-brain barrier (BBB)
permeability under physiological, as well as pathological conditions. Abnormal expression of
occludin can increase BBB permeability and fluid leakage. We describe several current
understanding of signaling mechanisms about occludin in regulating BBB Permeability.

I . Under stress condition, ATP-sensitive K* channel is blocked by some cytokines, such as
INF-y, leading to expression of occludin decreased and aquaporin-4 increased, causing
dysfunction of BBB and the consequent increasing in BBB leakage.

II. The expressions of VEGF and its receptors increased under stress condition, occludin
rearranged, conformation of ZO-1 and actins changed, linking to the disruption of tight junctions,
causing a breakdown in equilibrium of BBB permeability.

I. Hypoxia and reoxygenation stress leads to an increased production of reactive oxygen
species (ROS), can make changes in localization and structure of occluding, which critically
important to function of tight junctions in regulation and maintenance of BBB's permeability and
leading to a hyperpermeability.

IV. Occludin phosphorylation state can affect BBB permeability. Via PI3K/PKB signaling
pathways, activation of PI3K by oxidative stress can induce tyrosine phosphorylation and
dissociation from actins cytoskeleton of occludin. Via Rho/RhoK signaling pathways, activation
of RhoK is involved in phosphorylation of occludin, claudin-5, myosin light chain
phosphatase(MLCP) and myosin light chain-2 (MLC2). Via Rho/PKC signaling pathways,
activation of PKC can act on occludin, ZO and claudin-5, cause their serine phosphorylation and
conformational changement of occludin and actin. An end result of these signaling events is
leading to hyperpermeability of BBB.

Conclusion: Under stress conditions, blocked ATP-sensitive K channels, increased ROS ,
VEGF and its receptor expression, activation of PI3K ,RhoK and PKC, etc, which interact with
phosphorylation and redistribution of occludin, claudin and ZOs, can increase BBB permeability.

This work was supported by the “Eleventh Five-Year Plan” for Sci & tech Research of the
Chinese PLA (No0.2008Z093), and the National Science and Technology Ministry (No.
2009BAI85B03).
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EPIDEMIOLOGICAL CHARACTERISTICS OF HIGH ALTITUDE CEREBRAL EDEMA
COMPLICATED BY MULTIPLE ORGAN DYSFUNCTION SYNDROME IN QINGHAI-TIBETAN
PLATEAU

Q.Q. Zhou, Y.J. Luo, F.Y. Liu, S.Z. Li, X.Z. Zhang, W. Gao

Department of High Altitude Disease, College of High Altitude Military Medicine, Third Military
Medical University, Chongqing, China

Objectives: To investergate the Characteristics and the incidence of high altitude cerebral
edema complicated with Multiple Organ Dysfunction Syndrome on the Qinghai-Tibetan Plateau.

Methods: Retrospectively by way of questionnaire survey for inpatient cases of mountain
sickness 11 central hospitals in the Qinghai-Tibet Plateau over the past 50 years, statistical
analysis the high altitude cerebral edema complicated by the incidence of MODS, looking for
cause and pathogenesis of the MODS.

Results: The epidemiological study covered 4,095 inpatient cases of MODS from Qinghai,
Tibetan high altitude areas. Data screening of the 4,095 cases with ASMS was conducted
according to scoring criteria for high altitude MODS, and of these, 103 patients had symptoms
consistent with the diagnostic criteria, with the detection rate being 2.5%. Of the 103 patients,
14 patients suffered from 3-organ damage, 25 patients from 4-organ damage, 34 cases from 5-
organ damage, and 30 cases from 6-organ damage. The damaged organs were lung (100%),
cerebrum (100%), blood (90%), heart (80%), kidney (61%), body fluid internal environment
(42%), liver (25%), stomach and intestine (27%).Comparison of leukocytes and their
classification showed no significant difference in leukocyte count or in leukocyte type between
primary HAPE and recurrent HACE. The leukocyte count of the patients with A-MODS was
strikingly higher than that of the patients without MODS. Simultaneously, such cytokines as
TNF, IL-1, IL-2, IL-6, and IL-8 in patients with AMS were remarkably higher than in healthy
controls at high altitude, whereas the IL-4 level in ASMS patients was remarkably lower than in
healthy people at high altitude.The above results indicate that the probability of A-MODS is
relatively high. Once HACE is complicated by MODS, the patient’s condition would rapidly
deteriorate and become more serious. The effect of oxygen therapy was poor, and the response
to usual treatment was not significant. If treatment was delayed, the prognosis would be poor
and the mortality rate would be high. All the death cases were due to MODS or multiple organ
failure. A-MODS not only increased the severity of the patient's condition but was also
associated with markers of multi-organ injury. Therefore, it is an important significance to
elevate diagnosis rate of A-MODS and to enhance its treatment to increase the cure rate of
AMS and reduce its mortality rate that monitoring effectively to early damage condition of
organs.

Conclusion: Acute mountain sickness complicated by MODS is the main factor influencing
therapeutic efficacy, and timely and effective treatment on the spot at high altitude is important
to relieve MODS. This work was supported by the “Eleventh Five-Year Plan” for Sci & tech
Research of the Chinese PLA (No0.2008Z093), and the National Science and Technology
Ministry (No. 2009BAI85B03).



147

PATHOGENESIS OF HYPOXIC MICROVASCULAR CEREBROPATHY AT HIGH ALTITUDE
AND RELATIONSHIP IT WITH HIGH ALTITUDE CEREBRAL EDEMA

Q.Q. Zhou, Y.J. Luo, P. Guo, B. Zhou

Department of High Altitude Disease, College of High Altitude Military Medicine, Third Military
Medical University, Chongqing, China

Objective: To study the mechanisms of high altitude cerebral edema and the way to rescue it.

Methods: Through the observation of animal experiments and populations rapid entrying to
high altitude regions. The pathogenesis of hypoxic microvascular cerebropathy at high altitude
regions from the system, organ, cellular and molecular levels was analyzed.

Results:

(1) Brain's blood stream was higher than who lived in lower altitude areas. The brain's blood
stream of acute mountain sickness was obviously higher than the native also.

(2) Animal experiments proved that blood vessels of brain were extensive, the mount and
density of opened micro-vessels increased, the distance between these vessels shorted, the
speed of cerebral blood stream slower and stasis, and leakage and bloody were observed
around the microvessels when exposed acutely to lower oxygen concentration.

(3) The scene experiment conducted in high elevation area proved that the ET in brain release
increased at early stage and decreased 3 days late after enter the plateau. NO release were
increased distinctly from 1st to 10" day, and decreased at 13™ day but still higher than that level
at 5" day. SOD, GSH and B-endorphin in brain increased and GSH-PX decreased notably as
elevation increased and the time prolong. Brain water content and wet-weight of brain
increased.

(4)With altitude raising and time prolonging, the activities of TNFa, NO and ET in the brain rose.
Their most obvious rise was seen during at 9th day after ascending 5000m.

(5) With altitude going up, the expression of VEGF and VEGF mRNA in the brain of rats rose,
and they also rose gradually with time prolonging under high altitude exposure. Their most
obvious rise was seen at 9th day after ascending 5000m. At the same time, the EB and water
content in the brain of mice showed the same change trends.

(6) The ultrastructures and histology of brain revealed that under hypoxia or plateau condition,
the neurons of brain intumescence, rounded, dendrite disappeared, plasma degenerated to
vacuoloid, glial cells. The intumescence, the electric dense decreased.

Conclusion: Hypoxia in plateau will increase the permeability of brain vessels and caused
energy metabolism obstruction, these factors act together to lead to high altitude cerebral
edema happened which is mixed type cerebral edema.

This work was supported by the “Eleventh Five-Year Plan” for Sci & tech Research of the
Chinese PLA (No0.2008Z093), and the National Science and Technology Ministry (No.
2009BAI85B03).






148

ANALYSIS OF BRAIN AREAS ASSOCIATED WITH THE ATTRACTIVENESS OF POTATO
CHIPS BY MEMRI

T. Hoch', S. Kreitz?, M. Pischetsrieder’, A. Hess?

"Department of Chemistry and Pharmacy, Food Chemistry, Emil Fischer Center, Department of
Experimental and Clinical Pharmacology and Toxicology, Institute for Pharmacology and
Toxicology, University of Erlangen-Nuremberg, Erlangen, Germany

Aims: The purpose of the represent study was to identify processes in the brain of rats
responsible for food craving. The activity of numerous brain areas were measured to provide a
comprehensive and differentiated overview over the processes connected with food craving.
Therefore, rats were fed with potato chips as the food of interest. Manganese-enhanced
magnetic resonance imaging (MEMRI) [1] was used to quantify the activity of defined brain
areas.

Methods: Three groups of male Wistar rats (initial weight 257 + 21 g) received different foods
ad libitum additional to their standard chow pellets: Salted potato chips (N = 16), a mixture of 35
% fat and 65 % carbohydrates (sunflower oil and maltodextrine) as a model for potato chips (N
= 16) and powdered standard chow (N = 16), respectively. For familiarisation these test foods
were presented ad libitum over a period of 7 days followed by 7 days with standard pellets only.
Subsequently, osmotic pumps, filled with a solution of manganese chloride (MnCl,, 200 yL, 1 M)
were implanted dorsally, subcutaneously into the rats under isoflurane anesthetisation. Over the
period of disposal (7 days, rate: 1 uL/h) and accumulation of MnCl, in the rat brain, the animals
had ad libitum access to their known test food. The activity of the different brain areas were
quantified by MEMRI after this period with the following scanner parameters (MDEFT): TR =4 s,
TE = 5.2 ms, Tl = 1000 ms, matrix = 256 x 256, FOV = 2.80 cm x 2.80 cm, 2 averages and 64
slices with 0.80 mm thickness. Signal intensities of 166 distinct brain areas were measured by
using a digital version of a rat brain atlas [2]. Z-scores for each brain area were calculated for
conducting statistical analyses (ANOVA) to discover significant differences (P < 0.05) between
the three groups. Visualization was performed with Amira®.

Results: Significant differences between brain activities depending on the provided test food
were detected by MEMRI. It became evident that the brain activity of the potato chips fed group
differed from the activity of the standard chow fed group in brain areas associated with reward
or addiction, motion, food intake and alertness or sleep. The brain activities of the rats fed with
the mixture of fat and carbohydrates also showed significant differences with regard to the rats
fed with powdered standard chow. The number of differences, however, was lower and the
differences corresponded only partly to the brain activities of the potato chips fed rats.

Conclusions: It can be concluded that I) intake of snack foods like potato chips induces activity
in several specific brain areas not connected to the consumption of standard chow, Il) the
induction of brain activity is not predominantly caused by additional caloric intake from
carbohydrates and lipids Ill) intake of potato chips affects brain activity in areas related with
reward or addiction, motion and activity.

References:

[1] Silva et al. 2004, NMR in Biomedicine, 8, 532-543



[2] Paxinos, Watson 2007, Academic Press
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BRAIN AROMATASE AND COGNITION: [11C]VOROZOLE PET STUDIES IN HEALTHY
HUMAN SUBJECTS

A. Biegon', N. Alia-Klein', D. Alexoff', S.-W. Kim?, J. Logan', D. Pareto®, F. Telang’, G.-J.
Wang', J. Fowler'

"Medicine, Brookhaven National Lab, Upton, NY, 2NIAAA, Bethesda, MD, USA, °Institut de
Recerca Hospital Universitari Vall d'Hebron, Universitat Autonoma de Barcelona, Alta
Tecnologia, Barcelona, Spain

Introduction: Aromatase is the final enzyme catalyzing estrogen biosynthesis. Vorozole is a
potent and selective aromatase inhibitor, and [11C]vorozole was found to be a useful PET tracer
for brain aromatase in rodents and non-human primates. Recent PET studies have revealed
that the regional distribution pattern of aromatase in the human brain is unique, with the highest
levels found in the thalamus. In contrast, primate and rodent brain studies show low levels in
thalamus and high levels in amygdala.

Objective: To gain an insight into the possible functions subserved by estrogen synthesis in the
human thalamus and amygdala, we have examined the relationship between aromatase
availability in these two regions and neuro-psychological assessment of higher brain function in
healthy volunteers.

Methods: Sixteen healthy volunteers (8 men and 8 women) were administered the
multidimensional personality questionnaire (MPQ) and the California verbal learning test (CVLT)
prior to a PET scan with [11C]vorozole. Blood input data and brain regional time activity curves
over a 90 minute acquisition period were collected from each subject and analyzed using the 2
compartment model to obtain the total distribution volume (VT) values, which where then
correlated with CVLT performance and traits control/constraint in the whole group as well as in
men and women separately.

Results: Verbal learning and memory (CVLT1-5) showed a statistically significant negative
correlation with thalamic VT (R=-0.546, p< 0.03). However, this correlation originated
exclusively from the women (R=-0.73, p< 0.04); with no apparent contribution from the men
(R=-0.13, p=0.75). Conversely, VT in amygdala was significantly and negatively correlated with
CVLT performance in men (R=-0.76, p< 0.02) but not in women (R=-0.11, p=0.78). A similar
double dissociation between regions and genders was found with regard to control/constraint:
Trait control was positively and significantly correlated with thalamic aromatase availability in
men (R=0.94, p< 0.0005) but not in women (R=0.46, p=0.25). Conversely, trait constraint
(composite of control and harm avoidance) was positively correlated with VT in amygdala of
women (R=0.87, p< 0.005) but not men (R=0.19, p=0.6).

Conclusion: These results suggest that estrogen synthesis in the human brain modulates
cognitive function in a sex- and region specific manner.



151

COMPUTATIONAL MODELLING OF THE PIGLET BRAIN TO SIMULATE NEAR INFRARED
SPECTROSCOPY AND MAGNETIC RESONANCE SPECTROSCOPY DATA COLLECTED
DURING PHYSIOLOGIC INSULTS

T. Moroz', M. Banaji?, C.E. Cooper®, N.J. Robertson*, I. Tachtsidis'

"Department of Medical Physics and Bioengineering, University College London, London,
’Department of Mathematics, University of Portsmouth, Portsmouth, *Department of Biological
Sciences, University of Essex, Colchester, *Institute for Women's Health, University College
London, London, UK

Objectives: Piglets are commonly used as models for human neonates[1]. The purpose of this
work is to increase understanding of the metabolic and circulatory processes occurring during
anoxic, hypoxic and ischaemic insults in piglets. Towards that goal we have developed a
computational model to simulate variables measured by near infrared spectroscopy (NIRS) and
magnetic resonance spectroscopy (MRS) during these insults.

Methods: The model described here is an extension of the existing BrainSignals model[2]. This
is a physiological model of circulation and mitochondrial metabolism. It was developed to model
the brain of healthy adults, with an interest in predicting NIRS measured variables, including the
concentration changes of oxygenated haemoglobin (HbO,), deoxygenated haemoglobin (Hb)
and cytochrome c oxidase (Cu,). We altered and enhanced the model to simulate the
physiology and metabolism of the anaesthetised piglet brain. The model structure is illustrated
in Figure 1a. It now includes the metabolites which are measured by 31-P MRS, namely
phosphocreatine (PCr), inorganic phosphate (P;) and ATP. Their interactions involve a feedback
whereby the phosphorylation potential influences the rate of production of ATP. PCr
concentration is calculated from the concentrations of ATP and ADP and the pH, assuming that
the reaction catalysed by creatine kinase is always effectively at equilibrium.

Results: Figure 1 shows the effect of changing the arterial oxygen concentration on some of the
model variables. Figure 1b shows the relationship between the PCr/P; concentration ratio, and
the change in Cu, oxidation. Cua continues to become more reduced after PCr concentration is
close to zero. Figure 1c shows the concentrations of ATP and PCr. As seen experimentally[3],
the ATP concentration remains constant until the arterial oxygen saturation is low, and the
buffering capacities of PCr have been exceeded. The position and shape of this drop would be
expected to change if glycolysis were represented in the model. At low oxygen concentrations,
glycolysis becomes an important source of ATP production. The graphs shown are for the
steady state, but the model is also used to simulate dynamic data. For example, we are
comparing its outputs with measurements from a study involving brief anoxias in piglets [3]. The
inputs are the blood pressure, arterial oxygen saturation, and pH measured by MRS, taken from
the study.

Conclusions: The model is a promising tool to help understand the MRS and NIRS
measurements, and further analyse results from piglets during physiologic insults . It will be
refined to predict these measurements more accurately. We are currently extending the model
to include lactate as measured by proton MRS, and pH. We will also use the model to study
hypoxic-ischaemic insults.



—

7 blood ™

\_pressure / "‘--P"C_'Q?”'I e T T
"""" \ & “Tunctional ™\ — W e : ~~_ NIRS
I : [ER—— ¢ == s concentratic
. MRS \\m'riv;ttion e \_blood flow 74 L 2 nt ‘11 TR Jl, 8
by g e e v AHDOg
L CATR b 84023 oo " AHEb
ke -; . | ATP/ADP mt.io] N R (_T\_”_{(’)z - S el
PO I ACH
| iSaEeg . , \ substrate supply [ Complex 1V S e,
C.m'n‘p](‘:\' V v|k redox state | ~ 777 777
(ATPase) ** I <
turnover -, ;
“t proton
- = motive |« .
\_force
(a)
6 —
| | e ) ] ] ] I ——
4 B / = — A l!‘) ----- ,f"--,r
’/" ;_ 5 HPCr > -
= / q2ut i .
£ / : /
= 2 | 1% 3 spefe !
2 : ¥
St l e / ol g 2 // '.l
f,// R | ] ,"’
0 — -+ © s S
l 1 1 0 = =1 1 1 | R
-2 15 = | 0.5 0 10 20 30 40 50 60 70 80 90 100
ACuy (uM) SaQsq (%)
{b) (e)

[Figure 1]

a) Model structure. Inputs are shown in solid ovals, and outputs in dashed ovals

b) Modelled [PCr)/[Pi] ratio vs change in Cus concentration

c) Modelled ATP and PCr concentration vs arterial oxygen saturation

References:
[1] Cady et al. J Neurochem, 107(4):1027-1035(2008)
[2] Banaji et al. PloS Comput Biol, 4(11):e1000212(2008)

[3] Springett et al. J Cereb Blood Flow Metab 20(2):280-289(2000)
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REGULATION OF CELL CYCLE AND CELLULAR PROLIFERATION BY ALTERED LIPID
METABOLISM IN STROKE

R.M. Adibhatla, J.F. Hatcher, A. Gusain
Neurological Surgery, University of Wiscosnin, Madison, WI, USA

Introduction: Expressions of cell cycle regulating proteins are altered after stroke. Post-mitotic
neurons enter an aberrant cell cycle after stroke, resulting in cell death. Cell cycle inhibition has
shown dramatic reduction in infarction after stroke. Sphingomyelin (SM) synthase (SMS)
transfers the phosphocholine group from phosphatidylcholine (PC) to ceramide to form
sphingomyelin and release DAG; and serves as a bridge between glycerophospholipids and
sphingolipids. D609 (tricyclodecan-9-yl-xanthogenate), a PC-phospholipase C (PC-PLC)
inhibitor also inhibits SMS and increases ceramide. Ceramide can induce cell cycle arrest by
up-regulation of Cdk inhibitors p21 and p27 through activation of protein phosphatases 1 and
2A.

Methods: Spontaneously hypertensive rats (SHR) were subjected to 1 hr middle cerebral artery
occlusion (tMCAOQ) and reperfused. D609 (50 mg/kg i.p., saline) was administered at the onset
of reperfusion. Infarction volumes were measured using TTC. In vitro studies were conducted
using primary mouse neuronal and astrocyte cultures, microglia (N9 and BV-2) and macrophage
(RAW 264.7) cell lines. Lipid analyses were performed by TLC and GC. Protein expression was
performed by immunoblotting and immunocytochemistry. Cell proliferation assays were
performed by BrdU incorporation and cell viability was determined by trypan blue exclusion.

Results: D609 reduced the infarct volume after stroke by 35% and 60% at 1 and 3 d
reperfusion, respectively. D609 reduced PC-PLC activity and expression, acidic
sphingomyelinase expression; phospho- retinoblastoma (Rb); oxidized PC (OxPC, a lipid
peroxide) protein-adduct and increased p21 expression over 3 d reperfusion. Primary neuronal
cultures subjected to OGD/reoxygenation showed increased expression of Cdk4, evidence of
entry into the cell cycle. D609 increased the p27 expression and reduced the neuronal death
after OGD/reoxygenation. Microglia and macrophage cell lines and primary astrocyte cultures
exposed to D609 exhibited concentration-dependent inhibition of cell proliferation (cell counting,
BrdU incorporation) without affecting cell viability. Exposure of BV-2 and N9 microglia cultures
to D609 resulted in significantly increased ceramide levels without inducing cell death.
Immunocytochemical studies showed increased p21 expression with D609 treatment and
significantly arrested cell proliferation, which correlated with the increase in ceramide.

Conclusions: D609 may provide benefit through inhibition of SMS and increased ceramide
levels. Others have also shown that D609 inhibited bFGF-stimulated astrocyte proliferation by
increasing ceramide through SMS inhibition. Ceramide may induce cell cycle arrest by up-
regulating p21 and causing hypo-phosphorylation of Rb protein (through Cdk inhibition and/or
increased protein phosphatase activity). Ceramide may have pleiotropic effects: intermediate
ceramide levels may cause cell cycle arrest whereas high levels induce apoptosis.
Microglia/macrophages are the major source for ROS, pro-inflammatory cytokines as well
neurotrophic factors. Reducing microglia/macrophage proliferation by D609 may attenuate the
inflammatory response as well as oxidative stress (evidenced by the reduction in OxPC protein
adducts with D609 treatment). D609 may at the same time prevent mature neurons from
entering the cell cycle/dying. However, it is unclear how D609 affects proliferation of individual
neural cells (astrocytes or microglia). D609 may be acting on both PC-PLC as well as SMS.



LMV-601, a pure enantiomeric isomer of D609, a more specific PC-PLC inhibitor, may help
resolve these issues.

Support by NIH
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IS WATER DIFFUSION DECAY IMAGING (DDI) ABLE TO PROBE SYNAPTIC PLASTICITY?

R. Nico!as1, J. Pariente', X. Franceries"?, N. Chauveau’, L. Saint-Aubert', F. Aubry', H. Gros-
Dagnac

TINSERM, Imagerie Cérébrale et Handicaps Neurologiques, UMR 825, 2Université de Toulouse;
UPS, INPT; LAPLACE (Laboratoire Plasma et Conversion d'Energie), Toulouse, France

Introduction: Diffusion signal (S/S, decay) changes traducting an ADC decrease, induced by
ischemia [2], ouabain [3], NMDA [3], kainate [4], osmotic swelling [2], brain activation [10] and
Mg2+ and Ca2+ action [2] is correlated to G to F actin conversion [5,6,7,8,9], highly present in
dendrites and spines (~20% of total proteins). This fact was supported by the Le Bihan's
seminal paper treating the role of water in cell biology/biophysic [1]. He hypothesized that water
interacting with actin cytoskeleton should be the fundamental event determining the water
diffusion decay shape (S/Sy=f(b, ADC)) obtained by increasing b-factor in DWI images. Brain
ADC maps changes in cerebral activation suggest that this signal could be a marker of
immediate synaptic-plasticity activation changes. Diffusion Decay Imaging (DDI) could be a
sensitive marker to the loss of dendritic connexions in PreDemential Alzheimer’s Disease
(PDAD) and to dendritic reorganization in acute stroke and brain activation.

Patients and methods: S/S; signal from DWI images constituting a DDI acquisition were
acquired with parameters TR/TE=4168.8/70.4 ms for PDAD patients (8), aged (6) and young (4)
control subjects, and a patient 4 days after stroke (b=0,10,30,100,200,500,750,1000,1500,2500
s/mm?, in bold for stroke acquisition). For both, diffusion time was {;=26.36ms (4=34.8 ms,
0=25.3 ms). Parameters and paradigms for visual stimulation ADC-fMRI (3B) aquired
simultaneously with BOLD (3A) and for HR-DWI-fMRI (3C) were given in Fig. 3.

Results: The stroke patient exhibit the well-know DDI change in infarcted areas corresponding
to ADC decrease (Fig. 1). Mean DDI signal of registered, segmented brain areas were analyzed
by bilateral t-test (Fig. 2) and statistical significances for a DDI change (corresponding to an
ADC increase) were seen only in grey matter (GM) for aged vs young and aged vs PDAD
patients (Fig. 2).



[Fig 1. Signal of healthy and infarcted GM and WM]



[Fig. 2 DDI and q-space signal for PDAD patients ]






[Fig. 3 Brain activation in BOLD, ADC, HR-DWI maps |

Conclusion: ADC decrease, as stated may be linked to F-actin increase (stress fibers [5]) in
stroke and in brain activation by NMDA-related synaptic actin reorganization [6] . ADC increase
with age and in PDAD could be caused by decrease of F-actin in synaptic loss before cellular
loss. The biologic events underlying these pathologic cases sustain the hypothesis that the
cytoskeleton may influence the DDI signal.
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AGE DEPENDENCE OF VMAT2 DENSITY ESTIMATES: COMPARISON OF RACEMIC DTBZ
TO (+) DTBZ BINDING AND DEPENDENCE ON PET SCANNER

V. Sossi'?, K. Dinelle?, J. Mckenzie®, A.J. StoessI®

"Physics and Astronomy, 2UBC PET Imaging, *Pacific Parkinson's Research Centre, University
of British Columbia, Vancouver, BC, Canada

Background: An accurate determination of tracer binding as a function of age is important for
providing insights into the physiology of normal aging, when differentiating disease induced
changes from those due to aging and for assessing disease effects in subjects of different age.
The vesicular monoamine transporter type 2 tracer ''C-dyhydrotetrabenazine (DTBZ), in its
racemic form (t) and active (+) enantiomer, is a good marker for the assessment of the pre-
synapatic integrity of the dopaminergic system, since deemed less susceptible to disease and
pharmacological regulation than markers estimating dopamine (DA) synthesis or DA
transporter. Previous studies presented conflicting reports on the influence of aging on VMAT2
density: a significant age related decline in (x) DTBZ binding (0.77% year) (1) and DTBZ+ (0.5%
year) (2), while others reported no significant age effect(3). Here we compare the effect of aging
as a function of DTBZ form, scanner characteristics and two different tissue input analysis
methods.

Methods: 11 subjects (age 57.9 £12.2) underwent a DTBZ+ scan on the GE Advance
(resolution ~(8mm)®. Five of these subjects also underwent a (+)DTBZ scan on the same
scanner, while six subjects underwent a DTBZ+ scan on the Siemens high resolution research
tomograph ( resolution (2.5mm)%). The scanning protocol and image analysis were identical in
all cases. The tissue input Logan and the simplified reference tissue methods (SRTM) were
used to yield BPyp.

Results: Consistent with our earlier results(3), no significant age relation was found for the
BPnp obtained with (+)DTBZ for either method (p ranging from 0.46 to 0.67). In contrast, the
results for the same 5 subjects when scanned with DTBZ+ yielded a highly significant age
relation for the caudate with SRTM (p < 0.01, decline 0.4%/yr), with corresponding trend when
Logan method was used (p = 0.07, decline 0.35%yr). In the putamen significance was not
reached for this subsample (p = 0.32, decline 0.36% and p = 0.26, decline 0.35% yr
respectively). However, when data from all 11 subjects were included, very significant declines
(p < 0.015, decline range 0.53% /yr -0.6%/yr) were observed in both the caudate and putamen,
consistent between methods. A very similar, significant age related decline was observed for the
subset of 6 subjects scanned with DTBZ+ on both scanners, even though the values of the
BPnp were on average 55% higher on the HRRT. On average SRTM yielded 5% lower BPyp
values.

Conclusion: These results indicate that (+) DTBZ is more sensitive to healthy aging related
declines in VMAT2 binding sites compared to (x)DTBZ and provide a partial explanation for the
discrepant literature reports. Different age relation parameters must thus be used when age-
correcting (£)DTBZ and DTBZ+ derived PET measures. The estimated decline/yr appears
independent of scanner and tissue input analysis method. There is therefore no need to perform
an age-dependence study for different scanners. Results are currently being confirmed with a
larger subject group.

1. Frey et al, 1996 Ann Neurol 40 873-84



2. Bohnen et al, JCBFM 2006 26 1198-1212

3. Troiano et al, Synapse 2010 64(2):146-51
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GALACTOSYLTRANSFERASE B3GALT2 IS REQUIRED FOR DENDRITE OUTGROWTH OF
THE LAYER V PYRAMIDAL NEURONS IN THE MOUSE CEREBRAL CORTEX

J. Bi, M. Hewitt, H. Fang
National Research Council of Canada, Institute for Biological Sciences, Ottawa, ON, Canada

Factors that regulate neurite outgrowth are important in determining the wiring of the central
nervous system. Glycosylation is known to play a role in regulation of neurite outgrowth.
However, the underlying mechanisms remain unclear. Here we describe that a UDP-Gal:[
GIcNAc 3- 1,3-galactosyltransferase (B3GalT2) is strongly expressed in neurons in the layers V
and VI of the cerebral cortex and in the hippocampus during postnatal development of the
mouse brain. We also show that cortical layer V pyramidal neurons of B3GalT2 gene knockout
mice exhibit reduced apical dendrite length, reduced spine numbers, and aberrant apical
dendrite direction. Together, our results demonstrate for the first time that B3GalT2 is an
important regulator of neuritogenesis.
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NON-INVASIVE MONITORING OF ANGIOGENESIS AFTER STROKE WITH MRI

J. Adamczak', P. Bohm-Sturm’, J. Jikeli', T. Kallur', B. Cohen?, M. Neeman?, M. Hoehn', T.D.
Farr'

"Max-Planck-Institute for Neurological Research, Kéin, Germany, 2Depan‘ment of Biological
Regulation, The Weizmann Institute of Science, Rehovot, Israel

Background and aims: Angiogenesis in the brain is up-regulated in response to stroke (Slevin,
et al., 2006. Clin Sci. 111: 171-83) and a few studies have attempted to image this process with
magnetic resonance imaging (MRI). For example, using steady-state contrast enhanced MRI
(SSCE-MRI), changes in microvessel density following permanent middle cerebral artery
occlusion (MCAOQO) were observed in rats (Lin, et al., 2008. JCBFM. 42: 1-11). The primary aim
of the present project is to characterize a time course of this response in a transient stroke
mouse model. An additional strategy to look at angiogenesis will be to use transgenic mice that
over-express a hemagglutinin-epitope (HA) tagged ferritin (Ferr) MRI-reporter in response to
activation of the vascular endothelial cadherin (VECad) promoter (Cohen, et al., 2007. Nat Med.
13(4): 498-503).

Methods: 13 male adult VECad-HaFerr mice and 17 age-matched wildtype FVB mice received
30min of MCAO using the intraluminal filament technique. MRI was performed 7 days before,
and 14 and 21 days after MCAQO. The SSCE-MRI protocol included a combination of T, and T,*
sequences before and after injection of contrast agent (Sinerem, 30 mg/kg i.v.), as well as a
diffusion-weighted MRI scan. Regions of interest (ROIs) were drawn on theT, maps (infarct core
and peri-infarct zone (PIZ)) and copied into the corresponding relaxivity (Rz) and vessel density
(Q) maps (Jensen and Chandra, 2000. MRM. 44: 224-30). Animals were sacrificed at day 21
and brain tissue processed for immunohistochemistry.

Results: Prior to stroke R, was significantly higher in the hippocampus, but not in the cortex or
striatum, of VECad-HAFerr mice (t(28)= -2.812, p=0.009). MCAO produced extensive lesions
(Fig1A) and final group sizes were (n=5 wildtype, n=2 VECad-HAFerr). There were no
significant changes in microvessel density (quantity Q) over time in either region (Fig1A).
However, R, decreased significantly after stroke in both the infarct core (F(2,10)= 36.934, p<
0.0001) and PIZ (F(2,10)= 21.312, p< 0.0001) (Fig1C+D, respectively). Interestingly, R, was
slightly higher in the PIZ of the VECad-HAFerr mice (Fig1D). Immunohistological analysis
showed dilated microvessels in the ischemic hemisphere compared to the contralateral side
(Fig1B) but actual microvessel density counts are pending.

Conclusions: SSCE-MRI derived measurements of microvessel density (Q) did not show
changes in the infarct core or PIZ after MCAO in mice. This could partially be due to the
inherent image noise in the Q maps, particularly since changes in R, were observed in the
infarct core. It appears that higher R, values are present in VECad-HAFerr mice, but more
animals are needed to conclude this.



[Figure1]

A: T, and corresponding Q maps from a representative wildtype mouse at all measured time
points. B: Laminin (green) and GFAP (red) stained tissue sections illustrating the microvessels
in the intact and ischemic hemispheres. The white dotted line illustrates the infarct boundary
and the boxes are displayed in higher magnification. C+D: Relaxivity values over time,
expressed as a ratio of the ischemic to intact hemisphere, in the infarct core (C) and PIZ (D).
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CEREBRAL BLOOD VOLUME FRACTION MAPPING IN MICE BY RAPID STEADY STATE
T1 MAGNETIC RESONANCE IMAGING

T.-A. Perles-Barbacaru’, F. Berger?, H. Lahrech'

"Functional and Metabolic Neuroimaging, 2Brain Nanomedicine Group, INSERM U836,
Grenoble Institute of Neurosciences, University Joseph Fourier, Grenoble, France

Most quantitative approaches for cerebral blood volume fraction (BVf) mapping by magnetic
resonance (MR) imaging require intravenous (i.v.) injections of contrast agents (CA) [1,2],
presenting limitations for longitudinal studies in mouse models of brain dysfunction. In this
study, we demonstrate that the Rapid-Steady-State-T1 (RSST4) MR-technique, previously used
with i.v. injections [1] in rats, can be used with intraperitoneal (i.p.) injections of Gd-DOTA to
safely and reliably acquire serial cerebral BVf maps in mice. To achieve this aim, we compared
the BVf after i.v. and i.p. CA injections in the same mouse.

BVf maps were acquired in NMRI mice (n=6) in a 47/40 Bruker Biospec-USR-AV-IIl scanner
using a 3D inversion-recovery prepared MDEFT sequence (TE=1.2 ms, TRgh.=6.5 ms, a=10°,
matrix 32x32, FOV 15x15 mm?, 8 coronal slices x 0.7 mm). A dynamic RSST;-scan (TR=750
ms, Tin=303 ms, 6 s/repetition) was acquired over 65 minutes with the i.v. injection (0.7
mmol/kg) administered at 5 minutes and the i.p. injection (6 mmol/kg) administered at 15
minutes into the scan. The BVf maps were obtained according to Spom(t) = (Spost(t) - < Spre>)/So,
where Syu(t) is the post-contrast, < Sy> the average pre-contrast and S, the proton density
weighted signal (TR=10 s, T;,,=9 s, duration 1 min 20 s). The normalized signal S.,m(t) equals
the BVf when the CA is confined to the intravascular compartment and when blood T4 < T;,,/5 =
60 ms [1]. To confirm this condition, we measured T, and T, in plasma sampled 30 minutes
after i.p. administration of 6 mmol/kg Gd-DOTA (n=4) and used these plasma samples in an in
vitro BVf experiment with the RSST-technique as described in [1], expecting BVf=1.

An i.p. dose of 6 mmol/kg Gd-DOTA was safe [3] and yielded plasma T, and T, of 4.6 + 0.3 ms
and 5.7 = 0.5 ms, respectively, demonstrating that the intravascular protons relax to thermal
equilibrium with little transverse relaxation effects. The average BVf was 1.01 £ 0.01 in the in
vitro experiment.

In mouse brain and blood vessels, 15 minutes after i.p. administration of 6 mmol/kg Gd-DOTA,
a steady state signal was obtained for a duration of = 20 minutes with an amplitude equal to the
peak signal amplitude after i.v. injection, corresponding to the thermal equilibrium magnetization
of the vascular space and leading to equivalent cerebral BVf measures of 0.023 + 0.003.
However, regions of interest including ventricles exhibit a CA leakage profile, such as typically
observed in skin or muscle tissue.

Cerebral BVf mapping in mice is feasible with the RSST-MR-technique. The time window after
i.p. CA injection is = 20 minutes and can be used for acquiring BVf maps with increased spatial
resolution or for determining functional changes of the BVf during the time interval. Compared to
i.v. injections, i.p. CA administration in mice is less traumatic with practically no risk for emboli or
hypervolemia, and can therefore be used repeatedly in longitudinal studies such as for
monitoring tumor angiogenesis.



[Graph]
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APPLICATION OF NETWORK CONCEPTS TO ISCHEMIC BRAIN INJURY
D.J. DeGracia
Department of Physiology, Wayne State University, Detroit, MI, USA

Objectives: The intracellular effects of ischemia on neurons are currently modeled as an
“ischemic cascade” in which a linear causal sequence of cellular and molecular events
generates cell death. Neuroprotective therapies based on this model have sought to inhibit a
“bottle neck” point in this cascade to prevent cell death. However, neuroprotective therapies
have encountered a frustrating “translational roadblock” [1]. Thus, much effort to identify and
overcome weaknesses in clinical and preclinical stroke research has occurred. One avenue for
contributing to this effort is to determine if alternative models can account for the mass of
empirical data.

Methods: We apply network dynamical concepts to interpret the empirical data and thereby
derive an alternative theoretical understanding of ischemic brain injury [2].

Results: A systems biology approach allows us to view the effects of ischemia on brain cells as
generating a complex, intracellular chemical network displaying nonlinear dynamics. The
course-grained dynamics of this network are inferred from the fact that there are only two
mutually exclusive outcomes for a neuron after ischemia: recovery or death, which occur as a
function of the magnitude of the ischemic insult. Any two-state dynamical system is “bistable”
and this property sets strict limits on the network behavior: any specific node is constrained to
contribute to either recovery or death. Thus all pro-damage and all pro-survival nodes may be
aggregated, in a nonlinear fashion, to total damage (Dt) and total induced stress responses
(St), respectively. Thereby the complex chemical network induced in neurons by ischemia can
be effectively reduced to a two-dimensional (2D) circuit representing the bistable competition
between Dt and St. The resulting 2D post-ischemic state space describes the core system
dynamics, serving as a “phase diagram” of all possible chemical networks and their associated
post-ischemic cell phenotypes as a function of ischemic intensity. This bistable state space
offers the advantage over the “cascade” concept by providing formal definitions of cell death
and survival. Cells die when Dt > Sy, but survive when St > Dr. The model implies that targeting
individual nodes for therapeutic purposes will be ineffective because of nonlinear interactions in
the network. Instead, the model indicates that the appropriate target of neuroprotective therapy
is to seek to shift the competition between Dt and St in favor of St. This gives rise to the
counter-intuitive notion that drug efficacy is independent of its binding-target specificity.

Conclusion: Application of network concepts to brain ischemia gives rise to an alternative,
bistable network model of ischemic cell injury which is, both in principle and in practice,
amenable to empirical verification. This model provides a unified systematic accounting of the
response of brain cells to ischemic injury and gives rise to a completely novel concept of
neuroprotection.

References:
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"*F.LABELLED ALKYL-SUBSTITUTED SPIROCYCLIC PIPERIDINES - POTENTIAL
RADIOTRACERS FOR PET IMAGING OF Z; RECEPTORS

W. Deuther-Conrad’, A. Maisonial', S. Fischer’, A. Hiller', D. Schepman?, E. GroRe Maestrup?,
U. Funke’, J. Steinbach?, B. Wiinsch?, P. Brust'

'Forschungszentrum Dresden-Rossendorf, Institut fiir Radiopharmazie, Forschungsstelle
Leipzig, Leipzig, 2Universitat Miinster, Institut fiir Pharmazeutische und Medizinische Chemie,
Miinster, 3Forschungszentrum Dresden-Rossendorf, Institut fiir Radiopharmazie, Dresden,
Germany

Objectives: Neuroprotective effects mediated by signal transduction via the transmembrane o,
receptor localised in the endoplasmatic reticulum make this receptor a promising target for novel
approaches in the therapy of neurodegenerative diseases. Furthermore, behavioural changes
are assumed to be related to alterations in the expression of o4 receptors mainly expressed in
the striatum. Thus, molecular imaging of o4 receptors of the brain may hold potential in
diagnostics and drug development, and we have compared in mice radiotracer properties of a
series of new '®F-labelled spirocyclic piperidine derivatives with high affinity and selectivity for o
receptors.

Methods: Radiosynthesis of fluoromethyl- (['*F]WMS1850), fluoroethyl- (['®F]fluspidine),
fluoropropyl- (['®F]WMS1813), and fluorobutyl-(['*®*F]WMS1847) substituted derivatives was
performed by nucleophilic substitution of the corresponding tosylate precursors using K['®F]F-
K222-carbonate complex. Organ distribution of radiotracers applied i.v. was determined in
female CD-1 mice at 5, 30, 60, and 120 min p.i. Spatial distribution of the radiotracer binding
sites in the brain was examined by ex vivo autoradiography at 45 min p.i. Target specificity was
investigated in blocking studies with pre-application of 1 mg/kg of the o, receptor ligand
haloperidol by assessing the organ distribution of the respective radiotracer at 60 min p.i. The
metabolic stability in vivo of each radiotracer was evaluated by radio-TLC and -HPLC analyses
of brain, plasma, and urine samples.

Results: The radiotracers were obtained with radiochemical yields of 35-53%, radiochemical
purities >98.5%, and specific activities >150 GBqg/pmol. All radiotracers readily passed the
blood-brain barrier with high brain uptake values at 30 min p.i.: ["®Flfluspidine = 4.71 + 1.39 %
ID/g, ['*F]WMS1813 = 3.18 + 0.68 % ID/g, ["*FIWMS1850 = 2.65 + 0.68 %ID/g, and
['"|FIWMS1847 = 1.78 + 0.16 %ID/g. High initial radioactivity uptake was also observed in
peripheral organs which express o4 receptors such as spleen, thymus, kidney, and stomach. In
brain as well as in these organs the uptake of radioactivity was significantly reduced in mice pre-
treated with haloperidol. Distribution patterns of the radiotracer binding sites in brain were
resembling for all four radiotracers with ['°F]fluspidine possessing the highest target (facial
nucleus)-to-nontarget (olfactory bulb) ratio (4.69 at 45 min p.i.). The metabolic stability in vivo
was high for all radiotracers (75% parent radiotracer in plasma at 30 min p.i.), and none of the
peripherally detected radiometabolites crossed the blood-brain barrier.

Conclusion: Fluoroalkylated spirocyclic piperidines are high affinity ligands for o, receptors with
high brain uptake, specific binding, and good metabolic stability. Within the herein reported
series of '®F-labelled derivatives, the in vivo data identify ['®Ffluspidine as the most suitable
radiotracer for further development in molecular imaging of o; receptors. ['°F]fluspidine
radiosynthesis is selected for transfer to an automated radiosynthesis module for further
preclinical development.
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DEVELOPMENT OF AQUAPORIN-4 PET IMAGING
T. Nakada'?

"Center for Integrated Human Brain Science, Brain Research Institute, University of Niigata,
Niigata, Japan, *Neurology, University of California, Davis, Martinez, CA, USA

Objective: Aquaporin-4 (AQP-4) is a membrane protein in the aquaporin family of water
transporters which is widely expressed in the central nervous system (CNS). Although much
remains to be elucidated, evidence continues to accumulate that AQP-4 is actively involved not
only in vital physiological brain function such as neural-flow coupling, but also in
pathophysiological processes of CNS diseases including brain edema, multiple sclerosis, and
Alzheimer's disease. The study was focused on developing selective AQP-4 ligands for clinical
positron emission tomography (PET) imaging.

Method: One of the AQP-4 inhibitors previously identified in our laboratory, TGN-020 (2-
nicotinamido-1,3,4-thiadiazole), was chosen as base substrate (Figure 1). The synthesis of C-
TGN-020 was performed using [carboxyl-'"C]-nicotinic acid and a TRACERIab FXC (GE
Healthcare) automated versatile synthesizer. The target radioligand was synthesized in a
suitable amount (300 MBq average) and radiochemical purity (>95%) for further studies in vivo.

[Figure 1]

Results: TGN-020 PET images of wild type (WT) and AQP-4 null mice (KO), obtained on a GE
eXplore VISTA animal PET system, showed distinct differences highly consistent with known
distribution of AQP-4 in the brain. Clear differences were observed in the localized contrast due
to this ligand in brain and skeletal muscle tissue of WT and KO animals, tissues known to have
selective distribution of AQP-4. Less significant differences were found in other tissues not
known to have selective AQP-4 distribution. These results are consistent with ligand selectivity
for AQP over other proteins, but suggest some degree of non-selectivity for AQP-4 over other
AQP isozymes. Nevertheless, TGN-020 appears to be sufficient as ligand for clinical AQP-4
PET development.

Conclusion: The study demonstrated that "'C-TN020 is an appropriate PET ligand for analysis
of AQP-4 distribution in human brain clinical PET studies. All necessary toxicology studies have
been completed at the point of this abstract submission. Following final approval by the
University of Niigata Institutional Review Board (IRB), clinical AQP-4 images of human brain are
expected to emerge.

Supported by grants from the Ministry of Education, Culture, Sports, Science, and Technology
(Japan) and University of Niigata.
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NOVEL AND PROMISING RADIOTRACERS FOR PET IMAGING OF THE
ENDOCANNABINOID SYSTEM: FATTY ACID AMIDE HYDROLASE (FAAH) INHIBITORS

A.A. Wilson', J. Parkes', A. Garcia', S. Houle', J. Tong?, N. VasdeV'

"PET Centre, ?Human Neurochemical Pathology Laboratory, CAMH and University of Toronto,
Toronto, ON, Canada

Introduction: Fatty Acid Amide Hydrolase (FAAH) is the enzyme responsible for hydrolysing
endocannabinoids such as anandamide. As such it plays a major role in setting the tone of the
cannabinoid system in the human brain, regulating anandamide levels, and terminating
signaling at cannabinoid receptors. There is substantial evidence that dysfunction of FAAH
biochemistry plays a major role in addiction, and in psychiatric and neurological illnesses. Thus
the ability to measure the levels of FAAH in the living human brain would be extremely useful,
but no human PET or SPECT studies on FAAH have been reported as yet. We have
synthesised a series of six novel carbon-11 labeled aryl carbamate inhibitors of FAAH using
recently developed [''C]CO, fixation chemistry and evaluated them as potential PET
radiotracers for FAAH imaging via ex vivo biodistribution studies in rat brain in conjunction with
pharmacological challenges.

Methods: [''C]-labelled radiotracers were synthesised by one-pot coupling of alkylamines,
['"C]CO,, and substituted phenols to generate a series of aryl carbamates, radiolabelled in the
key carbonyl position. Radiotracers were evaluated ex vivo in rats upon tail-vein injection. Rats
were sacrificed at various time points post-injection, and tissue samples were dissected,
counted, and weighed. Specific binding to FAAH was investigated by pretreatment of animals
with the prototypical FAAH inhibitor URB597 (2 mg/kg IP). For metabolism and mechanism of
binding studies, whole brains were excised post-radiotracer injection, homogenised, and
extracted exhaustively with 80% aq. acetonitrile to determine the time course and fraction of
radioactivity that was irreversibly bound to brain parenchyma.

Results: Radiotracers were synthesised in unoptimised radiochemical yields of 5-10%
(uncorrected, based on [''C]CO,, at EOS) in 25-30 min from EOB with specific activities of 70-
150 GBg/umol. Brain uptake of the six radiotracers varied from moderate (0.7 SUV) to excellent
(4.2 SUV) with little washout over time, which is characteristic of irreversible binding. In all
cases, highest regional uptake of radioactivity was seen in the cortex, intermediate in the
cerebellum, and lowest in the hypothalamus, reflecting the reported distribution of FAAH. Pre-
treatment with the well-characterised FAAH inhibitor, URB597, reduced brain uptake of
radioactivity for all radiotracers by 65-95% depending upon region. Homogenised brain
extractions experiments on selected radiotracers demonstrated unequivocally that they were
irreversibly bound to FAAH, consistent with the mechanism of action of this class of compounds
as FAAH inhibitors.



[combi1]

Conclusions: Several [''C]-carbamate radiotracers demonstrate highly favourable properties
for PET imaging of FAAH, including excellent brain uptake, appropriate regional heterogeneity,
and specificity of binding based on ex vivo biodistribution studies in conscious rat brain. More
detailed kinetic analyses of binding are underway to determine the optimal candidate(s) for
human PET imaging of FAAH.
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A CONTROL SYSTEMS VIEW OF THE ASTROCYTE-NEURON LACTATE SHUTTLE
HYPOTHESIS

M. Cloutier’, F.B. Bolger?, J.P. Lowry?, P. Wellstead'
"Hamilton Institute, Department of Chemistry, National University of Ireland, Maynooth, Ireland

The astrocyte-neuron lactate shuttle (ANLS) hypothesis is based upon the proposition that
astrocytic lactate can fuel neuronal activity during stimulation. We used a mathematical model of
brain energy metabolism, calibrated and validated by in vivo measurements of energy
substrates, to interpret the ANLS as a control mechanism that enhances the neuronal regulation
of ATP concentration during transient energy demands. In rest conditions, results from the
model predict that neurons use mainly glucose to sustain their energy requirements. By
contrast, during physiological stimuli, the model predicts that neurons dynamically increase their
lactate (LAC) usage to produce the additional amount of energy required, resulting in almost
perfect regulation of ATP. This perfect adaptation between energy demand and supply is
possible because of two major mechanisms: a strong regulation of mitochondrial activity in
neurons and a favourable LAC gradient, whereby the additional LAC is supplied through
changes in astrocytic metabolism.

The predictions from our model are consistent with in vitro and in vivo observations reported in
the literature for comparable conditions. Also, as a specific test of the role of astrocyctes, model
predictions were compared with in vivo glucose and LAC data obtained from experiments in
which propanolol was used to artificially reduce glycogen breakdown in astrocytes. Both the in
vivo and in silico limiting of glycogen breakdown produced an imbalance in LAC supply that is
coherent with the interpretation of ANLS as a dynamic response to neuronal stimulation.

Our mathematical representation of brain energy metabolism also suggests a cybernetic
interpretation of the metabolic regulation in terms of the control components that act to reduce
ATP variations in neurons (but not in astrocytes). In this control systems view, the internal
regulation of neuronal metabolism is equivalent to feedback control and the additional supply of
substrate by an external system (i.e. the astrocytes) is a feedforward control mechanism. Given
that brain energy metabolism is a process with a very fast turnover rate, the use of a
feedforward system to reduce ATP variations in neurons corresponds perfectly with that
expected in a well designed control system. A conclusion from this interpretation is that both
sides of the ANLS debate have some foundation. Specifically, in the rest state neuronal energy
supply is regulated by internal feedback, with astrocytic lactate playing a negligible role.
However, during periods of high activity the astrocytic contribution provides the fast transient
feedforward supplementation of energy needed to maintain ATP levels.
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EFFECT OF ANGIOTENSIN Il AND XINKANG ON APOPTOSIS, CYTOKINES AND MMPS IN
ENDOTHELIAL CELL AND SMC

J. Liang, J. Tan, L. Shao, X. Liang
Qingdao University, School of Medicine, Yantai, China

Introduction: Xinkang capsule, a preparation made of several Chinese medicinal herbs, has
been successfully used to prevent or treat the cerebrovascular and cardiovascular diseases.
The mechanisms of the effects remain uncertain.

Objective: To study the effects of angiotensin Il in different concentrations and different action
time on apoptosis ratio and the expression of cytokines in vascular endothelial cells , and on
MMPs in vascular smooth muscle cells and the influences of Xinkang on it. Methods Flow
cytometer was used to measure the apoptosis ratio and the expression of Fas , Bcl-2. RT—PCR
, to measure the changes of MMPs. IL-6, IL-10 were evaluated by ELISA means.

Results:

(1) Apoptosis ratio and the expression of Fas, Bcl-2, IL-6 were induced and increased but IL-10,
decreased by angiotensin Il with the increase of concentrations and action time.

(2) MMPs were also induced and increased by angiotensin Il in SMC, especially in high
concentrations. And MMP-9 was earlier than MMP-1 and MMP-2.

(3)The effects of angiotensin Il were significantly inhibited when cells were pretreated with the
Xinkang.

Conclusions: Xinkang capsule may have the inhibition effect against Angll, and also may have
the regulative effect on apoptosis ratio and the expression of Fas , Bcl-2, IL-6, IL-10, and MMPs.
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TRANSFUSION OF ENDOTHELIAL PROGENITOR CELLS PROMOTES ANGIOGENESIS
AND REDUCES CEREBRAL ISCHEMIC DAMAGE IN DB/DB DIABETES MICE

J. Chen, S. Chen, C. Zhang, J. Wang, W. Zhang, Y. Chen
Wright State University, Dayton, OH, USA

Introduction: There is accumulating evidence showing that circulating endothelial progenitor
cells (EPCs) are reduced and dysfunctional in diabetic patients. EPCs based therapy represent
a promising strategy for promoting angiogenesis and tissue repair in diabetes. This study was
designed to investigate the effect of EPCs transplantation in promoting angiogenesis and
treating ischemic stroke in diabetes.

Methods: Male adult db/db type-2 diabetic mice and the db/+ control mice were divided into
four groups (n=5-7/group) for middle cerebral artery occlusion (MCAO) surgery or sham
surgery, and EPCs or vehicle transfusion. EPCs were cultured from the bone marrow of db/+
mice and injected (1x10° cell/100 pl) via tail vein 2 hrs after MCAO. Mice were sacrificed 2 or 7
days after surgery. The levels of circulating EPCs (CD34+KDR+ cells) were determined by flow
cytometry. Ischemic volume and cerebral microvascular density were determined histologically
on brain sections by Fluoro-J and anti-CD31 antibody staining, respectively, as previous reports.

Results:

1) The db/db mice had a lower level of circulating EPCs (170+£19 n/ml and 480450 n/ml, db/db
sham vs db/+ sham, P< 0.01), lower cerebral microvascular density in cortex (338129
capillaries/mm? and 416x32 capillaries/mm? db/db sham vs db/+ sham, P< 0.01) and higher
infarct volume after MCAO (in day 2: 35.2+1.6% and 23.2+2.0%; db/db MCAO vs. db/+ MCAO,
P< 0.01);

2) following MCAOQ surgery, the levels of circulating EPCs were increased in day 2 in both db/db
(306£23 n/ml, vs sham, P< 0.01) and db/+ mice (1720£105 n/ml, vs sham, P< 0.01), and
returned to basal level in day 7 (200£21 n/ml in db/db mice, 58552 n/ml in db/+ mice, vs sham,
P>0.05). However, the increase of circulating EPCs in day 2 was less in db/db mice (db/db
MCAO vs db/+ MCAO, P< 0.01);

3) EPCs transfusion increased circulating EPCs more in db/+ mice (in day2: 1660+130 n/ml and
8840£189 n/ml; in day 7: 660£30 n/ml and 1840+£189 n/ml; db/db vs db/+, P< 0.01);

4) EPCs transfusion increased the microvascular density in peri-infact area in day 7 (328122
capillaries/mm? and 193+18 capillaries/mm? in db/db mice, 42529 capillaries/mm? and 288+21
capillaries/mm? in db/+ mice, vs vehcile, P< 0.01), but not in day 2 (180+17 capillaries/mm? and
16517 capillaries/mm2 in db/db mice, 225+19 and 230+20 capillaries/mm2 in db/+ mice, vs
vehicle, P>0.05), and decreased ischemic damage in day 7 in both db/db mice ( 20.5£2.0% and
30.1+£2.5%, vs vehicle, P< 0.01) and db/+ mic (14.5+2.0% and 25.8+2.2%; vs vehicle, P< 0.01).

Conclusion: The data indicate that lower level and/or dysfunction of circulating EPCs might be
responsible for the worse outcome in db/db mice exposed to ischemia. EPCs transfusion
therapy could be an avenue for treatment of ischemia stroke in diabetes.
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MOLECULAR MECHANISMS OF BLOOD-BRAIN BARRIER REGULATION DURING
HEALTH AND DISEASE

R. Daneman
UCSF, San Francisco, CA, USA

The blood vessels of the central nervous system (CNS) form a barrier that is crucial for proper
brain function and to protect the CNS from injury and disease. In patients with multiple sclerosis
(MS), there is a breakdown of this blood-brain barrier (BBB) at the site of active lesions, which
allows for immune cells and molecules to enter the CNS and attack the myelin causing neural
degradation and paralysis. Although the properties of the BBB are manifested in the endothelial
cells, transplantation studies have identified that they are induced by interactions with the CNS
microenvironment. Determining the mechanisms regulating BBB function may prove vital to
develop therapeutics to restore the BBB in MS patients, preventing immune infiltration and
demyelination. To understand the cellular and molecular mechanisms that regulate blood-brain
barrier formation we have used microarray analysis to compare the gene expression of
endothelial cells purified from the CNS with endothelial cells purified from non-neural tissue, and
thus have generated a comprehensive resource of transcripts that are enriched in the BBB
forming endothelial cells of the brain. Through this comparison we have identified novel tight
junction proteins, transporters, metabolic enzymes, signaling components, and unknown
transcripts whose expression is enriched in CNS endothelial cells. This analysis has led to the
identification that neural stem cell-derived Whnt/beta-catenin signaling is required for CNS
angiogenesis, but not angiogenesis in non-neural tissue, and also induces BBB-specific gene
expression. Furthermore, we have identified a role for pericytes in regulating the permeability of
CNS vessels by inhibiting the expression of molecules that increase vascular permeability. In
particular, pericytes limit the expression of leukocyte adhesion molecules in CNS endothelial
cells, which limits CNS immune infiltration. This has led to a model for BBB formation in which
CNS endothelial cells are induced to express BBB-specific genes during angiogenesis, and then
the functional properties of the BBB are regulated by pericytes and astrocytes.
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SPATIAL COMPARISON OF HIGH-DENSITY DIFFUSE OPTICAL TOMOGRAPHY AND FMRI
MAPPING OF THE VISUAL CORTEX

A. Eggebrecht, B. White, S. Ferradal, A. Snyder, J. Culver
Radiology, Washington University School of Medicine, St Louis, MO, USA

Objectives: Near infrared spectroscopy (NIRS) has long promised to extend functional
neuroimaging to the bedside. Recent improvements in image quality have been achieved
through high-density diffuse optical tomography (HD-DOT) methods with estimates of resolution
near 1-1.5 cm (White et al., 2010). However, spatial comparisons have not been made to either
the underlying MRI anatomy, or to subject matched fMRI studies. We herein provide an across-
subject comparison demonstrating that the imaged HD-DOT exhibit gyral-specificity to the
cortical structure. Additionally, cross-modal validation is provided by comparing visual cortical
maps obtained via subject-anatomy-registered HD-DOT with those obtained with fMRI.

Methods: A high-density array (24 sources and 28 detectors) is placed over the visual cortex to
record activations to visual stimuli (Fig. 1,d). The subject-specific anatomical MR (Fig. 1,a) is
segmented (Fig. 1,b) and used to create a head model of optical properties for use with the
DOT reconstructions. Activations recorded with DOT (Fig. 1,e) in response to the visual stimuli
are directly co-registered to the subject-specific anatomical MRI. The fMRI activation (Fig. 1,9)
is smoothed to match the DOT point-spread function of 13 mm. Visual cortex was mapped using
standard visual stimuli (Sereno et al., 1994) consisting of phase encoded retinotopic stimuli (Fig.
1,i): 10 Hz reversing flickering checkerboard wedges moving clockwise or counterclockwise and
annuli moving in or out of the center of the visual field. Cortical activations for both DOT and
fMRI are visualized using the Caret software package (Van Essen et al., 2001).

Results: In response to the rotating wedges, a strong activation is localized within the
contralateral visual cortex as measured by both DOT (Fig. 1,e&f) and fMRI (Fig. 1,g&h).
Activations from each of the four quadrants (Fig. 1,j) map onto the cortical surface at well
defined loci with the positions of all four quadrants in agreement between DOT (Fig. 1,k) and
fMRI (Fig. 1,1). Images for the annuli (radial mapping) also show agreement between the two
modalities.

Conclusions: Functional neuroimaging with DOT is able to localize and map regions of the
visual cortex in good agreement with the current gold standard fMRI. This validates both the
HD-DOT data sets and the subject specific head modeling approach presented. As the validity
of DOT is further established and demonstrated, we have a stronger foundation for applying
DOT to analyzing cortical function in adults and children at the bedside as well as in answering
fundamental neuroscience questions for which fMRI is ill suited such as freely behaving or ICU
stricken subjects.
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HISTOLOGICAL EVIDENCE REVEALS MRNA GRANULES ARE CYTOPLASMIC
STRUCTURES

J.T. Jamison, J.J. Szymanski, D.J. DeGracia
Physiology, Wayne State University, Detroit, MI, USA

Introduction: The death of selectively vulnerable neurons following global brain ischemia and
reperfusion correlates with irreversible translation arrest (TA) [1]. We previously reported that
sequestration of poly-adenylated mRNAs away from the small ribosomal subunit in the form of
MRNA granules correlated with prolonged TA in reperfused neurons [2]. Although the mMRNA
granules colocalized with the known mRNA binding proteins elF4G, PABP and HuR, the nature
of the mRNA granules remained unclear. To further discern the nature of mRNA granules
formed in post-ischemic neurons we here describe additional colocalization studies with
markers of known intracellular structures.

Methods: We performed double labeling with fluorescent