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Title of Grant Proposal: Ischemic escape mechanisms and injury in rat hippocampal neurons.
ABSTRACT:
Rationale.

Cerebral ischemia or stroke accounted for more than 1 of every 15 deaths in the US in 2002 [2]. The most widely accepted
mechanism for acute neuronal injury followmg cerebral ischemia is glutamate/Ca’" excitotoxicity. Neuronal depolarization is a central
contributor to the process of glutamate/Ca”" excitotoxicity. The ischemic depolarization: (l) stlmulates an excessive efflux of the excitatory
amino acid neurotransmitter, glutamate, (2) promotes the removal of a Voltage sensitive, Mg’ -dependent blockade of the glutamatergic
NMDA-gated Ca’* channel and, subsequently, (3) allows excessive Ca’" influx to the point of a "Ca2+ overload". It is this "Ca2+ overload"
that activates a variety of deadly enzymatic cascades.

The hippocampus, in particular region CA1, is selectively vulnerable to ischemia. The hippocampal slice, when exposed to
ischemic-like conditions, exhibits a 3 phase ischemic response identical to that observed in vivo. Phase 1 entails an initial suppression of
neuronal excitability. Phase 2 is the initiation of the ischemic or anoxic depolarlzatlon (AD). Phase 3 is best described as the persistent
aspect of the AD. Phases 2 and 3 exhibit all the features of glutamate/Ca’" excitotoxicity and much bench-side research has focused on
delaying or blocking these latter 2 phases.

Despite 30 years of research on glutamate/Ca”" excitotoxicity, clinical trials examining the efficacy of neuroprotectant agents
designed to intervene in this process have been uniformly disappointing. As a result, there is a need to critically re-examine the acute
neuronal response to ischemia in order to identify alternative targets for intervention.

With severe energy deprivation, the stereotypical ischemic response in CA1 region of the hippocampus consists of an initial
suppression of neuronal excitability that is abruptly terminated by an AD. We have used more moderate ischemic conditions to extend the
duration of Phase 1. Under these conditions, a transient return of the evoked postsynaptic response occurs even with continued energy
deprivation. More, importantly we show that the escape of the evoked postsynaptic response from ischemic suppression correlates with
substantial acute neuronal injury as determined from impaired recovery of function. It is important to note that this injury occurs in the
absence of significant depolarization. Because the initial suppression of neuronal excitability is generally considered to be a beneficial
adaptive response to reduced energy supply, it follows that escape from ischemic suppression may impose lethal metabolic stress upon
neurons.

Hypothesis. Our novel hypothesis is that ischemic escape phenomena contribute to acute 1schem1c neuronal injury in some way that
fundamentally differs from the depolarization-dependent mechanisms linked to glutamate/Ca”" excitotoxicity.

Specific Aims.

(1) Determine whether the two escape phenomena arise from the same or different mechanisms. From the literature we have identified a
second escape phenomenon as defined by an increase in neuronal excitability despite continued energy deprivation [24]. We will use
simultaneous field and whole cell patch clamp electrophysiological recordings to characterize the two escape phenomena. We will examine
experimental manipulations that are likely to selectively affect the two escape mechanisms.

(2) Obtain fluorescent live/dead measurements (Molecular Probes) with confocal microscopy to complement the electrophysiological
measures of neuronal injury and to further localize the area of injury. The finding of neuronal injury related to escape phenomena is
sufficiently novel to require independent morphological confirmation. The AD propagates throughout CA1 region resulting in a widespread
injury pattern. An important prediction of our hypothesis is that, in the absence of the AD, escape phenomena will impose a more spatially
discrete injury pattern.

Critical needs. We have two critical needs relevant to obtaining necessary feasibility data: (1) Demonstrate the ability to obtain
simultaneous extracellularly recorded field potential and whole cell patch clamp measures of neuronal excitability, and (2) Demonstrate the
feasibility of using the Department's confocal microscope to image fluorescent markers of neuronal viability within the slice.

Extramural funding. We plan is to use the experimental data funded by this proposal to pursue extramural funding from NINDS and NIA.
Mechanisms of injury from stroke is an area of emphasis for NINDS. We are not requesting funds specifically for aging research in this
proposal. However, we are obtaining baseline data from a long-lived rat strain, Fischer F344, that is suitable for aging research. We have
performed some preliminary experiments suggesting an increased vulnerability to ischemic-like conditions in slices from aged animals. NIA
has issued a PA: Age-related changes in tissue function: underlying biological mechanisms, PA-03-147. For extramural funding we will
propose to characterize mechanism(s) underlying escape phenomena, how escape-related activity contributes to subsequent acute neuronal
injury and how aging alters the injury process associated with escape phenomena.
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SOM SEED GRANT PROGRAM

BUDGET
(For Period 09/01/2005 through 08/31/2006)
Overall Budget
For Project
Supplies: (Include description, numbers and unit costs where appropriate)

Gas tanks: 95% N,/5% CO,, 1 per mo @ $88 each, 12 mo = $1056
95% 02/5% CO», 1 per mo @ $44 each, 12 mo = $528 $1584

Electrophysiology supplies: $350, drugs: $400, General lab supplies: $800 $1150

Animals (purchase and operating costs,
see Budget Justification for animal number): $2289

Amount
Requested
From SOM Seed

Grant Program

Total Supplies: $ 2289 $ 2289
Other: (Travel and publication costs will NOT be supported)
Total Other:  $ 0 $ 0
Equipment: List separately each item of equipment with a unit acquisition
cost of more than $500.
quotes obtained by phone from
1. MPM-20, piezo translator: $2750
2. DC3314, micromanipulator, $3195
3. M10, micromanipulator stand, $131
Total Equipment: 36076 36076
*Personnel: Amount
%FTE Requested
on Overall Budget From SOM Seed
Name Title Project For Project Grant Program
Salary/Fringes* Salary/Fringes*
John C. Fowler, PhD Principal Investigator 30%_ XXXXXXXXXX XXXXXXXXX
Gloria Martinez Research Associate 100% $10.451/3180 $10,451/3180
$ / $ /
Total Salaries and Fringe Benefits: $ 13.632 $13.632

GRAND TOTAL (supplies, other, equipment, salaries): $ 24.730

Please justify all budget items on Budget Justification sheet (next page).

*Fringe Benefits are 10% of each non-graduate student's salary and actual FTE rate charges for all others;

call 743-2961 for assistance.
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SOM SEED GRANT PROGRAM

BUDGET JUSTIFICATION

All costs must be justified relative to the specific needs of the proposed research. The SOM Seed Grant Program is primarily designed to
provide supplies and other operating support required to conduct critical preliminary experiments that are essential to establish the feasibility
of future studies to be proposed to external funding agencies.

Funds requested for personnel and/or equipment must be thoroughly justified. Additional sources of funds available to the PI that can support
the proposed research should also be specified.

Personnel: I am requesting four months of 100% FTE support for Gloria Martinez at Medical Research Assistant. She is currently working
in my lab and has the expertise to prepare hippocampal slices. I need her to assist/ teach me in the use of the confocal microscope. She has
extensive experience in using the Departmental's confocal microscope. She will also free time for me to learn patch clamp from Dr. Tryba of
the Physiology Department, to obtain the whole cell patch clamp data required for extramural funding and to prepare grants and manuscripts.

Equipment: For whole cell patch clamp, I need a patch clamp amplifier and a micromanipulator with very fine control. I have access to an
patch clamp amplifier. But my present manipulators, while suitable for extracellular field potential recordings, do not have the fine control
required for single cell recording. I am requesting funds to purchase a piezoelectric translator/manipulator/stand.

Supplies are estimated from previous costs.
Animal numbers for each group are derived from preliminary observations and statistical power. Animal costs derived from NIA Aged
Rodent Colony price list (Harlan). Animal operating costs include shipping, crates, gel packs and daily charge.

Experimental groups Animals for electrophysiology Animals for imaging
hypoxia 3 3
4 mM glucose, 95% N2 3 3
2 mM glucose, 95% N, 3 3
0 mM glucose, 95% N 3 3
+ phospholipase C/A,
inhibitor bromophenacyl- 3 3

bromide (BPB; 20 uM)
+ cyclo-oxygenase

inhibitors, indomethacin 3 3
(20 uM)
+ piroxicam (10 uM) 3 3
+ NMDA antagonist 3 3
ketamine (10 uM)
total animals total animals
Animal number 24 24
Animal prices 48 x $31 = $1488
Animal operating costs $801 (estimated for 12 mo)
Total estimated animal costs $2289

Time-table: Gloria Martinez is budgeted for 4 mo. Experimental groups and costs are estimated for a 12 month time period.
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A. Specific Aims

Glutamate/Ca’* excitotoxicity and its central role in ischemic neuronal death is approaching the status of a central dogma
in neurology (for review see [36]). A widely held view of glutamate/Ca* excitotoxicity posits that immediate (acute) ischemic
injury is initiated by a profound ischemic or anoxic depolarization (AD). The AD can be elicited from hippocampal slices
subjected to oxygen- and glucose-deprived (OGD) conditions. The stereotypical response to OGD is an initial suppression of
the evoked postsynaptic response that is rapidly terminated by the AD. We have used modified OGD to increase the duration of
the initial period of synaptic suppression. Within this extended period we observe transient return of the evoked postsynaptic
response despite continued energy deprivation ([11,12]; see also [38]). More importantly, we show that this ischemic escape of
the evoked postsynaptic response is associated with a substantial degree of acute ischemic injury in the absence of any AD (see
preliminary observations).

The ischemic suppression of neuronal excitability is widely considered to be a neuroprotective response directed at
reducing energy demand in the face of reduced supply. By drawing on this assumption, we propose a novel hypothesis, namely,
acute ischemic injury can occur as a result of escape phenomena overwhelming the cells defensemechanisms. We also propose
that escape-associated injury occurs in a manner fundamentally different from that of depolarization-dependent glutamate/Ca’*
excitotoxicity. Katchman and colleagues have reported what we consider to be a second escape phenomena. They used whole
cell voltage patch clamp recordings of hippocampal CA1 neurons to show that anoxia can result in an increase in spontaneous
miniature excitatory postsynaptic currents (mEPSCs) that occurs before the onset of the AD [22,24,25]. To the best of our
knowledge, it is not known whether or how these escape phenomena may contribute to acute ischemic neuronal injury.

We plan to pursue extramural NINDS funding that will allow us to pursue the mechanisms underlying escape

phenomena with electrophysiological and imaging techniques. We also plan to submit to NIA a proposal focusing on how the
relationship between escape phenomena and injury is altered by aging. Electrophysiological feasibility data must include
simultaneous field potential and whole cell patch clamp recordings. I am requesting seed grant funds to address two critical
needs: (1) purchase the necessary equipment and supplies for whole cell patch clamp measurements, and (2) support a Research
Associate to assist me in obtaining feasibility data with the Department's confocal microscope.
The Specific Aims for this seed grant are: (1) Determine whether the two electrophysiological ischemic escape phenomena arise
from the same or differing mechanisms. (2) Demonstrate the feasibility of using confocal microscopy and a fluorescent live/dead
assay to complement electrophysiological measures of acute neuronal injury/death associated with the escape phenomena, and to
compare the spatial distribution of injury between escape phenomena and the AD.

B. Significance

Glutamate/Ca** excitotoxicity and its central role in ischemic neuronal death is approaching the status of a central dogma
in neurology (for review see [36]). It is widely held that glutamate/Ca excitotoxicity is initiated by a neuronal ischemic or
anoxic depolarization (AD) and a concomitant loss of ionic homeostasis that, in turn, drives an excessive accumulation of the
excitatory amino acid, glutamate [7,10,35] . The AD removes the voltage-dependent Mg** blockade of glutamatergic NMDA.-
gated Ca’* channels [31]. Thus, the AD when coupled with excessive extracellular glutamate facilitates an over-activation of
glutamatergic receptors, most notably the NMDA subtype, and a subsequently enhanced influx of Ca** [28]. This influx of Ca*,
along with a release of Ca” from intracellular stores, results in a cellular "Ca* overload" that, in turn, stimulates the generation
of oxygen radicals, further energetic collapse, and, finally, lethal damage to cytoskeletal elements (e.g., see [1,27]).

It is an ongoing clinical frustration that therapeutic interventions derived from our current understanding of the
glutamate/Ca’" excitotoxic cascade have failed to generate beneficial clinical outcomes. Promising neuroprotectant strategies
including antagonism of NMDA-gated Ca** currents with either NMDA antagonists [19] or Mg** supplementation [30], and
blockade of glutamate transport [17,18] have uniformly failed to improve outcome from acute ischemic stroke beyond that of
thrombolysis alone (for reviews see [16,23]). This failure to successfully translate bench work to the bedside indicates a need to
critically re-examine acute ischemic injury mechanisms.

The rat hippocampal slice is a widely used preparation to model the neuronal response to stroke-like conditions. CAl
hippocampal pyramidal neurons are among the brain's most vulnerable to even brief disruptions of cerebral blood flow and this
enhanced susceptibility to energy deprivation persists in vitro [34,41]. All elements of classical glutamate/Ca** excitotoxicity
occur in the hippocampal slice exposed to oxygen- and glucose-deprived (OGD) artificial cerebrospinal fluid (aCSF) [28,35,42].
Propagation of the AD or AD-like depolarization has also been implicated in the outward spread of injury from an initial
ischemic core in both experimental animals and humans [3,6,20,26,32].

Glutamate/Ca™ excitotoxicity is so entrenched that is difficult to conceive of alternative mechanisms providing
significant contributions to acute ischemic injury in the brain. Nevertheless, the continuing failure of clinical agents that target
glutamate/Ca’ excitotoxicity force us to persevere along this line of logic. And, indeed, there are observations that run counter
to certain tenets of glutamate/Ca’™ excitotoxicity. Excitotoxicity theory predicts that enhanced glutamate efflux, of which the
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greatest share is associated with the AD, should correlate with ischemic injury. The AD promotes increased extracellular

glutamate primarily through a depolarization-dependent reversal of glutamate transporters [35]. However, Lekieffre and
colleagues have shown that ischemic levels of glutamate do not necessarily correlate with hippocampal injury in vivo [21].
Obrenovitch and colleagues have also shown that increased extracellular glutamate levels are not a reliable indicator of the
extent of subsequent acute ischemic injury [33]. The failure to demonstrate a universal link between glutamate levels and acute
ischemic injury has been termed the "glutamate paradox" [33]. In a recent review, Obrenovitch and colleagues argue that the
solution to the “glutamate paradox” is that any benefit accrued from blocking excitotoxicity is derived from making neurons
more resistant to alternative critical injury mechanisms (e.g., mitochondrial injury, oxidative stress) [33].

Glutamate/Ca* excitotoxicity theory also posits that neuronal depolarization promotes injury injury. However, a
significant degree of acute ischemic injury can occur in CA1 region without an AD. Ischemic injury in CA1 region of the
hippocampus is commonly ascertained by the extent of recovery of evoked postsynaptic potentials. Lee and colleagues have
shown that some irreversible loss of evoked postsynaptic potentials can occur following moderate hypoxia without AD [9].
These apparent conflicts with accepted glutamate/Ca’™* excitotoxicity theory suggest the presence of injury mechanisms that are
not dependent on profound depolarization and/or excessive glutamate efflux. We believe we have identified a process that
satisfies these requirements.

We have pursued the idea of an AD-independent acute ischemic injury process. Ischemia-like conditions are typically
imposed on submerged hippocampal slices by superfusing with OGD-aCSF. The stereotypical hippocampal response to
complete OGD is an initial suppression of neuronal excitability that is rapidly terminated by an AD. This initial suppressive
phase is defined by what it does not exhibit, namely, profound depolarization and glutamate efflux. We used modified OGD
(containing small amounts of glucose) to prolong this phase by increasing the time-to-AD. Under these conditions, we observed
a transient re-appearance of the evoked postsynaptic potential as noted by others [38]. The PI has previously described this
phenomenon as an escape from ischemic synaptic inhibition [12]. When reoxygenation was initiated prior to an AD, we
observed a significant and persistently impaired evoked response (see preliminary observations). Katchman and colleagues have
reported what we consider to be a second escape phenomena. Using whole cell voltage patch clamp recordings of hippocampal
CA1 neurons, these investigators showed that energy deprivation can result in an increase in the frequency of spontaneous
miniature excitatory postsynaptic currents (mEPSCs) occurring before the onset of the AD [22,24,25].

The initial suppression of neuronal activity is widely considered to be a neuroprotective strategy directed at reducing
energy demand in order to compensate for a reduced supply. It follows that escape phenomena represent an overwhelming of
neuronal defenses that are struggling to balance energy supply and demand. Extending this line of reasoning, we hypothesize
that acute ischemic injury can occur as a result of escape phenomena without requiring an AD. To the best of our knowledge,
we are the first to quantify a relationship between the ischemic escape of the evoked postsynaptic potential and irreversible loss
of evoked postsynaptic potentials upon reoxygenation. The relationship between the increased spontaneous mEPSCs frequency
and subsequent acute neuronal injury is not known. To date we have shown injury in terms of the impaired recovery of the
postsynaptic response which is a generally reliable indicator of neuronal viability [37]. Small et al. have shown that a
fluorescent live/dead assay also produces reliable measures of neuronal injury that complement those obtained with evoked
responses [40]. The novelty of our observation places the burden on us to provide a complementary measure of neuronal
viability in support of our electrophysiological results.

Glutamate/Ca’* excitotoxicity theory has also been invoked to explain the propagation through space of ischemic injury.
One widely held view of the stroke pathophysiology is that transient ischemia produces a core of catastrophically destroyed
neurons with a surrounding penumbra of potentially salvageable neurons. Penumbral conditions have been observed in both
experimental models of cerebral ischemia [3,6,32] and in human stroke victims [4,20,26]. Penumbra is determined by blood
flow measurements showing a gradient of increasing blood flow extending outward from the ischemic core into the penumbra.
By definition, penumbral conditions are those that allow neurons to survive for a finite period of time [3,5]. So, it is thought that
the viability of penumbral neurons deteriorates as a result of peri-infarct glutamate-driven depolarizations that repeatedly invade
the penumbra causing a stepwise expansion of the infarct core [8,29]. In this view, peri-infarct depolarizations originate in the
core and propagate ischemic injury as a result of repeated episodes of depolarization- and glutamate-driven glutamate/Ca™*
excitotoxicity.

If the depolarization- and glutamate-dependent aspects of glutamate/Ca** excitotoxicity are to be seriously questioned,
an alternative scenario for the spatial propagation of acute ischemic injury must be proposed. To this end we argue that there
exists blood flow levels within the penumbra that promote escape phenomena but are not sufficiently severe to impose an AD or
AD-like peri-infarct depolarizations. Escape phenomena arise within the penumbra and impose an untenable metabolic stress
within individual neurons. We suggest that the spatial characteristics of injury may help in determining whether the acute
ischemic injury has occurred as a result of depolarization or escape phenomena. Peri-infarct depolarizations should induce
injury in a widespread and symmetrical pattern as they propagate outward in all directions. In contrast, we predict that neurons
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dying as a result of escape phenomena will tend to do so individually as each neuron loses its the ability to maintain ionic

homeostasis.

It is a valid question to ask why escape phenomena and their possible contribution to acute ischemic injury have been
somewhat overlooked. For one thing, escape phenomena appear little different from normal synaptic activity. Their
significance only becomes apparent if they occur against a background of energy supply/demand mismatch. And, with severe
ischemia, escape phenomena are normally masked by the rapidly occurring AD which effectively preempts synaptic activity. In
addition, to the best of our knowledge, escape phenomena have not been routinely observed in whole animal preparations.
However, in a series of recent experiments performed in anesthetized animals we observed escape phenomena in ischemic
hippocampus (unpublished observation).

Our goal is to explore this novel mechanism of acute ischemic injury and to determine how it differs from accepted
glutamate/Ca™ excitotoxicity. Our long-term goal is to discern more clinically effective interventions that allow us to reduce the
significant personal and societal costs associated with stroke and its aftermath.

Page 8



PI Name John C. Fowler PI Department Physiology

C. Preliminary observations

We have examined the recovery of evoked postsynaptic field potentials (population spikes) recorded in CA1 region of
slices from both young (1-6 mo) and aged (>22 mo) Fischer 344 rats. The Fischer 344 rat strain is preferred by NIA for aging

studies.
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Fig. 1. Illustrates the typical ischemic responses of the evoked potential (population spike) to differing conditions of oxygen-
glucose deprived (OGD) artificial cerebrospinal fluid (aCSF). Hippocampal slices were prepared from F344 rats and placed in a
superfused recording chamber. The Schaffer collaterals were stimulated (.033 Hz) and the evoked population spike amplitude
was measured in region CA1l.

Panel A) Shows individual population spikes (at first arrow) during: (a) normoxia, (b) normoglycemic hypoxia (95% N,, 10 mM
glucose) and (c) reoxygenation. Note the suppression of the population spike in hypoxia (b, arrow).

Panel B) Shows a trial record of population spike amplitude over time. These conditions are considered to be a mild insult from
which there is virtually complete recovery of function. Hypoxia (95% N,/10 mM glucose) was applied for 20 min.

Panel C) Illustrates the typical responses of individual population spikes in complete OGD (95% N, , 0 mM glucose). Population
spikes are shown during (a) normoxia, (b) ischemic suppression, (c) the transient escape of the population spike from ischemic
suppression, (d) 30 min after return to normoxic aCSF.

Panel D) Shows a trial record of population spike amplitude over time. Note that under these conditions the transient escape
persists for only a few minutes and appears to be abruptly terminated by the AD. The failure of the population spike to return
after 30 min reoxygenation is indicative of irreversible injury. DC potential was recorder separately on a chart recorder.
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Fig. 2 Illustrates the typical responses of the
population spike to modified OGD (95% N,, 4 mM

glucose). Similar response were observed in
modified OGD with 2 mM glucose.

Panel A) Shows individual population spikes
during: (a) normoxia, (b) ischemic suppression,
(c) transient escape from suppression, (d) after the
transient escape, and (e) 30 min after return to
normoxic aCSF.

Panel B) Shows a trial record of population spike
amplitude over time. Note that the duration of
transient escape from ischemic suppression
(arrow) is lengthened when compared to Figure
1C. This slice did not exhibit an AD. Note that
the amplitude of recovery at e is reduced compared
to Figure 1B, c in which the slice was exposed to a
similar duration of energy deprivation without
exhibiting escape from ischemic suppression. This
result suggests that the escape phenomena reflects
an additional injury mechanism.

Fig. 3 Illustrates the means of recovery of the
population spikes in slices from young (black bars,
1-6 mo) and aged (grey bars, > 22 mo) F344 rats.
With hypoxia alone (left pair of bars, 20 min
exposure) there was no escape, no AD, and robust
recovery of population spike. In young animals
exposed to modified OGD (95% O, with 4 and 2
mM OGD (second and third pair of black bars,
respectively) recovery was progressively reduced.
Slices were exposed to OGD for as long as
required for the transient escape to resolve (15-18
min) without an AD. All slices exposed to
complete OGD (far right pair of bars) exhibited a
brief escape terminated by an AD before
reoxygenation could be initiated. For young

Hypoxia 4 mM 2 mM 0 mM
I L 1 L
no escape , No AD escape , No AD escape , AD

animals, difference in recovery between each
treatment is significant (p < 0.05, ANOVA with
Student-Neuman-Keuls post hoc test). For young
animals, number of slices =7, 22, 21 and 5 for 10,
4,2 and 0 mM glucose, respectively. Error bars
indicate s.e.m. Slices from aged rats (grey bars)
when compared to young rats (black bars) showed
a trend toward less recovery at 4 and 2 mM. In aged animals at 2 mM OGD, the transient escape was always terminated by an
AD before reoxygenation could be initiated. Data from aged animals are preliminary in nature.

Figure 3
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D. Methods.

Specific Aim 1. Determine whether the two escape phenomena arise from the same or different mechanisms.
Experiment 1.1 Simultaneous field and whole cell patch clamp recordings will be used to measure the escape phenomena. Field
potentials will be measured as previously described by the PI's lab [13-15]. Spontaneous mEPSC frequency will be determined
as previously described by Katchman and colleagues [22,24]. Events greater than 5 pA will be counted as mEPSCs and number
of mEPSCs over 30 sec intervals will be summed and multiplied by 2 in order to obtain a measure of frequency (mEPSCs/min).
Evoked postsynaptic potential amplitude and mEPSC frequency will be examined for a temporal correlations. If the two events
do not align over time then it would suggest that the two phenomena are not linked. The escape from synaptic inhibition occurs
once and transiently. By way of contrast, Hershkowitz et al., noted that mEPSC frequency waxes and wanes. This dissimilar
attribute suggests the two escape phenomena are not related over time. However, close inspection of the data from Hershkowitz
et al. (see Fig. 1) suggests that, while mEPSC frequency waxes and wanes, the frequency progresswely increases with each
oscillatory iteration. This progressive increase in frequency suggests a progressive increase in synaptic excitability. One
possible outcome is that the ischemic return of evoked postsynaptic potentials is related to a certain threshold of synaptic
excitability as determined by mEPSC frequency. Once this threshold is passed, the evoked postsynaptic potentials return.
However, the return of evoked postsynaptic responses coupled with continued energy deprivation may set the stage for complete
loss of both spontaneous mEPSCs and evoked postsynaptic response.
Experiment 1.2. Slices will be exposed to various drug treatments selected to determine whether either of the escape phenomena
can be selectively altered. Katchman and Hershkowitz found that phospholipase C/A, inhibitor bromophenacyl-bromide (BPB;
20 uM) or cyclo-oxygenase inhibitors, indomethacin (20 M) and piroxicam (10 gM) abolished the increase in mEPSC
frequency [25]. In preliminary experiments we can abolish the return of evoked postsynaptic potential with the NMDA
antagonist ketamine (10 #M). Experiments will be performed to determine whether these drugs can selectively abolish either
escape phenomena.
Specific Aim 2. Determine whether the spatial injury pattern differs between that associated with escape phenomena and that
associated with the AD.
Experiments 2.1. A fluorescent live/dead assay (Molecular Probes Inc., Eugene, OR) will be used to complement the use of the
recovery of the evoked postsynaptic potentials as a measure of neuronal viability as described by Small et al. [39,40]. The
fluorescent assay will also be used to characterize the spatial distribution of injury. The AD propagates throughout the CA1
region resulting in a widespread injury pattern involving essentially all CA1 pyramidal neurons. By way of contrast, we predict
that escape phenomena will impose a more spatially restricted injury pattern when compared to that of the AD. We will first
record electrophysiologically from individual slices to determine whether the AD is present or not. It is likely that the live/dead
assay will show relatively little injury to slices removed immediately after ischemic-like conditions [39]. Therefore, we will
identify exposure durations necessary to produce moderate morphologically identifiable injury in slices exposed to escape
phenomena alone. Slices will thereafter be incubated in the recording chamber with normoxic aCSF for enough time to develop
morphological evidence of injury. We predict that these same incubation conditions will produce more profound and
widespread injury in slices that exhibit the AD. Individual slices will be removed from the recording chamber to perform the
flourescent live/dead assay. To measure fluorescence, slices will be loaded simultaneously with ethidium homodimer (6 M)
and calcein-AM(8 ¢M) as described by Small et al., [39].  Slices will then be transferred to glass coverslips and immediately
scanned. Viable cells are indicated by the green fluorescence of calcein converted from the calcein-AM form in healthy cells
and dead cells are indicated by the red fluorescence of ethidium homodimer. Double loading does not affect baseline health as
determined from evoked postsynaptic responses [40] . Confocal microscopy will be used to scan the CA1 stratum pyramidale
and determine a ratio of green to red area within CA1. Distribution of live/dead cells will be compared between normoxic
(control), modified OGD and complete OGD conditions.
Animal use and hippocampal slice preparation. Animals are anesthetized with ketamine (100 mg/kg) then decapitated according
with an approved TTUHSC IACUC Protocol 90025-05). Hippocampi are removed and placed in ice-cold aCSF: 124mM NacCl,
5.9 mM KCl, 1.2mM NaH,PO,, 1.3mM MgSO,, 2.5mM CacCl,, 25.6mM NaHCO,, pH ~7.3, equilibrated with 95% O,/5% CO.,.
Slices, 400 M thickness, are prepared and transferred into small (~ 2ml vol) static incubation chambers ( 4 - 6 slices/chamber,
12 — 16 slices/rat) inside a larger outer heated chamber (32-33°C, humidified and oxygenated) and allowed to recovery for at
least 1 hr.
Statistical Analysis

For comparisons between two groups, data are analyzed using a Student’s t-test (significance = p<0.05). Comparisons
among multiple groups are performed using an analysis of variance followed by Student Neuman-Keuls. Significance is set at p
<0.05. Statistical analyses will be conducted using Sigma-Stat analysis software.
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7. Facilities available.

Research will be performed primarily in Dr. Fowler’s lab (5A136, 5A137B). Research in these rooms is
approved through TTUHSC Biohazardous Material License (L021005, protocol number 03007, expiration 11-02-05)
and TTUHSC IACUC protocol 90025-05 (PI: Fowler, approved 1-10-2003). Electrophysiology will be performed in
room 5A136.

8. Prospects for future funding.

Based on past experience gained while serving on NINDS study section, I believe one critical need is to
provide preliminary data demonstrating my competence in whole cell patch clamp technique. Although I have
extracellular field potential recordings, single cell recordings require a substantially different set-up consisting of:
manipulators, amplifier, data collection and analysis programs and pipette puller. I have access to all of these except
a micromanipulator capable of fine control for single cell recordings.

A second critical need is feasibility data showing that electrophysiological indices of neuronal injury are
supported by confocal morphological measures. In addition, I need to show that confocal fluorescence microscopy is
sensitive enough to distinguish spatial injury patterns arising from ischemic insults associated with either escape
phenomena without AD or with AD. My goal is to be able to relate the experimental history of an individual slice
with subsequent morphological indicators of viability.

With these objectives in hand, I can apply to NINDS. I am also using funds from a previous IHA grant to
determine how age influences the extent of ischemic injury. We have preliminary data showing that slices from aged
animals exhibit poorer recovery from ischemic insult. One of my goals is to generate sufficient additonal preliminary
data to respond to an NIA program announcement for basic research on: Age-related changes in tissue function:
underlying biological mechanisms, PA number: PA-03-147, with an expiration date of July 30, 2006.

9. Additional grant funds justification.
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10. Biographical sketch.

NAME John C. Fowler, PhD
POSITION TITLE Associate Professor, Physiology

EDUCATION (Begin with baccalaureate and include postdoctoral training.)

INSTITUTION AND LOCATION DEGREE YEAR FIELD

UNM, Albuquerque, NM BS 1975 Biology/Chemistry
UNM SOM, Albuquerque, NM PhD 1982 Medical Sciences
UMAB, Baltimore,MD Post-doc 1985 Neurophysiology

RESEARCH AND PROFESSIONAL EXPERIENCE: Concluding with present position, list (in chronological order) previous
employment and experience. List (in chronological order) the titles, all authors, and complete references to all publications during the

past three (3) years and to representative earlier publications pertinent to this application. Place refereed publications and meeting
abstracts in separate lists. DO NOT EXCEED TWO (2) PAGES.

1985-1987 Research Associate Biophysics/Neurobiology Group, Los Alamos National
Laboratory, NM

1987-1988 Scientific collaborator Biophysics/Neurobiology Group, LANL, NM

1988-1990 Staff Scientist Physiology Group, LANL, NM

1990-1996 Assistant Professor TTUHSC, Lubbock, TX

1996-present  Associate Professor TTUHSC, Lubbock, TX

Past (> 3 vears) refereed publications relevant to proposed use of hippocampal slice and study of
ischemia:

Fowler, J.C. Adenosine antagonists delay hypoxia-induced depression of neuronal activity in hippocampal
brain slice. Brain Res. 490:378-384, 1989

Fowler, J.C. Adenosine antagonists alter the synaptic response to in vitro ischemia in the rat hippocampus.
Brain Res. 509:331-334, 1990.

Fowler, J.C. Escape from inhibition of synaptic transmission during in vitro hypoxia and hypoglycemia in the
hippocampus. Brain Res. 573:169-173, 1992.

Fowler, J.C. Glucose deprivation results in a lactate preventable increase in adenosine and depression of
synaptic transmission in rat hippocampal slices. J. Neurochem. 60:572-576,1993.

Fowler, J.C. Changes in extracellular adenosine levels and population spike amplitude during graded hypoxia
in the rat hippocampal slice. Naunyn-Schmiedeberg's Archives of Pharmacology 347:73-78, 1993.

Refereed publications within last 3 vears:

Gervitz, L.M., Lutherer, L.O., Davies, D.G., Pirch, J.H., Fowler, J.C. Adenosine induces the initial hypoxic-

ischemic depression of synaptic transmission in the rat hippocampus in vivo. Am J Physiol Regul Integr Comp
Physiol 280(3): R639-R645, 2001.

Gervitz, L.M., Lutherer, L.O., Hamilton, M.E., and Fowler, J.C. Lack of central effects of peripherally
administered adenosine A(1) agonists on synaptic transmission in the rat hippocampus. Brain Res. 951(1): 141-
145, 2002.
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Gervitz, L.M., Nalbant, D., Williams, S.C., and Fowler, J.C. Adenosine-mediated activation of Akt/protein

kinase B in the rat hippocampus in vitro and in vivo. Neurosci. Lett. 328(2): 175-179, 2002

Gervitz, L.M., Davies, D.G., Omidvar, K., Fowler, J.C. The effect of acute hypoxemia and hypotension on

adenosine-mediated depression of evoked hippocampal synaptic transmission. Exp. Neurol. 182(2):507-517,
2003.

Fowler, J.C., Gervitz, L.M., Hamilton, M.E. Walker, J.A. Systemic hypoxia and the depression of synaptic
transmission in rat hippocampus after carotid artery occlusion. J. Physiol. 550(Pt 3):961-972, 2003.

Meeting abstracts within last 3 vears:

Gervitz, L.M., G.T. Barnett, D.G. Davies and J.C. Fowler. Normoxic hypotension mimics the effects of hypoxia
on synaptic transmission in the rat hippocampus in vivo. FASEB 391.9, 2001.

Fowler, J.C. and Gervitz, L.M. Panel presentation, Adenosine and hypoxia, 35" Winter Conference on Brain
Research, January 26 to February 2, 2002.

Gervitz, L. M., and J.C. Fowler. Local blood flow changes associated with the depression of synaptic
transmission in the rat hippocampus in vivo. Soc. Neurosci. Abstr. 27: 717, 2002.

Hamilton, M. E., and J. C. Fowler. Local tissue oxygen levels associated with adenosine-mediated reductions in
hippocampal evoked fEPSPs in vivo during hypoxia. Soc. Neurosci. Abstr. 27: 712, 2001.

Gervitz, L.M., D. Nalbant, J.A. Walker, S.C. Williams, and J.C. Fowler. Akt/Protein kinase B is activated
through adenosine A; receptor in the rat hippocampus in vitro and in vivo. Soc. Neurosci. Abstr. 28: 142.1,
2002.

Titus, R.T., K. Omidvar, K.,Downing, J.P. and J.C. Fowler. Hypoxic activation of protein kinase B in aged rat
hippocampal slice. Soc. Neurosci. Abstr. 29: 565.12, 2004
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11. CURRENT AND PENDING SUPPORT

Include all funds or resources, whether Federal, non-Federal, or institutional, available to the PI in direct support of his/her research
endeavors through research grants, cooperative agreements, contracts, fellowships, gifts, prizes, and other means. Use .5 inch margins
for this format.

John C. Fowler, PhD (PI)

PENDING N/A
PRIOR FUNDING
RO1-NS28027  Fowler (PI) 02/01/1990-01/31/1997 NINDS

Adenosine and neuronal activity/survival during hypoxia
Role: PI, 30% effort

RO1-NS38996  Fowler (PI) 07/01/1999-06/30/2002 NINDS
Adenosine and the neuronal response to hypoxia and ischemia.

This grant involved characterizing adenosine A, receptor in responses to cerebral ischemia in vivo.
Role: PI, 30% effort,

Institute for Healthy Aging, TTUHSC  Fowler (PI) 09/01/2002-08/31/2003 extrended to FY 2003.
TTUHSC
Stroke and neuroprotective mechanisms in the aged brain.

This grant involves characterizing age-associated adenosine A, receptor down-regulation in rat hippocampus.
Role: PI, 20% effort.

12. Previous seed grant support.

I was awarded an Institute of Healthy Aging seed grant for $49,965 in 11/1/02 entitled, "Aging and PKB's role
in recovery from ischemia in rat hippocampus". We have been examining changes in the function of protein
kinase B (PKB or Akt) with ischemia in hippocampus both in situ and in vitro. My lab published a paper on
this kinase in 2002 (Gervitz LM, Nalbant D, Williams SC, Fowler JC. , Neurosci Lett. 2002 Aug 9;328(2):175-
9.) Using data obtained with IHA support, I submitted an R03 to NIA entitled, "Age-related changes to stroke
of rat hippocampus". The proposal received a priority score of 217 and percentile 39 in March 2004. 1 felt that
this relatively poor score indicated a need to change direction. This decision was based, in part, on our inability
to detect any (patho)physiological effects of altered PKB activity in our acute ischemic hippocampal model. In
addition, we have found that the regulation of PKB with ischemia (as determined from Western blots) is not
straight-forward. Consequently, we have been unable to formulate a reasonable hypothesis that we could
pursue and would be reasonably expected to produce interesting and coherent results.

Because of these disappointing results, I have not thought it productive to submit a peer-reviewed manuscript.
However, the data we have generated has been used by Rebin Titus, MD in his Master's dissertation entitled, "
Ischemic changes in Akt/Protein kinase B activation in young and old rat hippocampus", December, 2003. The
data has also been presented at the Society for Neuroscience Meetings in November 2004 and for TTUHSC's
Graduate Research Student Days in 2004 and 2005.

An extension of the IHA Seed grant for the amount of $18,681 was awarded for FY 04. These monies are
currently being currently to pursue a different direction that is reflected in this proposal to the seed grant
program of the TTUHSC Center for Cardiovascular Disease and Stroke. The past IHA funds allowed my lab to
begin using the Fischer F344 aging rat strain and we are on the verge of obtaining sufficient baseline data with
which to pursue aging studies. I believe we now have an interesting and robust topic that will bear fruit.
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13. Letters of support from co-investigators. N/A

14. Copies of ACUC, IBC and radioactivity sublicense. See attached
15. External funding agencies’ interest.

External funding agencies’ interest is evident from NIA’s extension of its program announcement for basic research

on Age-related changes in tissue function: underlying biological mechanisms, PA number: PA-03-147, re-issued in
2003, with an expiration date of July 30, 2006 (http://grants.nih.gov/grants/guide/pa-files/PA-03-147.html).

16. Significant publications relevant to this project. N/A

Attached:
IACUC

IBC
quote from WPI for micromanipulator
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