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Abstract: Recent improvements in brain slice technology have made this biological preparation increasingly useful for 

examining pathophysiology of brain diseases in a tissue context. Brain slices maintain many aspects of in vivo biology, 

including functional local synaptic circuitry with preserved brain architecture, while allowing good experimental access 

and precise control of the extracellular environment, making them ideal platforms for dissection of molecular pathways 

underlying neuronal dysfunction. Importantly, these ex vivo systems permit direct treatment with pharmacological agents 

modulating these responses and thus provide surrogate therapeutic screening systems without recourse to whole animal 

studies. Virus or particle mediated transgenic expression can also be accomplished relatively easily to study the function 

of novel genes in a normal or injured brain tissue context. 

In this review we will discuss acute brain injury models in organotypic hippocampal and co-culture systems and the ef-

fects of pharmacological modulation on neurodegeneration. The review will also cover the evidence of developmental 

plasticity in these ex vivo models, demonstrating emergence of injury-stimulated neuronal progenitor cells, and neurite 

sprouting and axonal regeneration following pathway lesioning. Neuro- and axo-genesis are emerging as significant fac-

tors contributing to brain repair following many acute and chronic neurodegenerative disorders. Therefore brain slice 

models may provide a critical contextual experimental system to explore regenerative mechanisms in vitro.

I. BRAIN SLICES AS MODELS FOR NEURODE-

GENERATIVE DISEASES 

i. Introduction 

 Brain slice models offer unique advantages over other in 
vitro platforms in that they can replicate many aspects of the 
in vivo context. Slices largely preserve the tissue architecture 
of the brain regions that they originated from and maintain 
neuronal activities with intact functional local synaptic cir-
cuitry. With no need for lengthy animal surgery to model 
neuropathology of brain injury or laborious monitoring of 
multiple physiological parameters following in vivo manipu-
lation, the usefulness of brain slices in basic research, as well 
as in the drug discovery process, has been increasing in re-
cent years. A number of pharmacological and genetic ma-
nipulations that affect the neurochemical behaviors of the 
brain in vivo have been shown to be reproduced in brain 
slices [37, 131, 135]. As slice-based assay systems provide 
good experimental access and allow precise control of ex-
tracellular environments, it facilitates research establishing 
clear correlations between molecular changes with neuropa-
thological outcomes. In addition, it is possible to adopt these 
ex vivo models for the screening of therapeutic molecules or 
novel genes. With development of disease-relevant slice 
models that simulate essential features of in vivo neurode-
generative pathologies, a larger panel of treatments could be 
efficiently evaluated in living tissues in a normal or injured 
brain tissue context without complication from brain pene-
tration or metabolic stability. The first section in this review 
will summarize a few different preparations of slice systems, 
functional and biochemical evidence that supports their util- 
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ity for the studies of adult brain, and injury models that rep-
resent major pathology of neurodegenerative disorders. 

ii. Organotypic Slice Cultures  

 Over the years, slice culture systems have been success-
fully established from a variety of brain regions including 
hippocampus, striatum, cortex, spinal cord and cerebellum 
[15, 87, 115, 123, 142]. Furthermore, a number of tissue 
slice co-cultures have been developed, which allow the as-
sessment of inter-neuronal responses across brain regions. 
The utilities of these co-cultures have been well established 
in examples of entorhino-hippocampal, cortico-spinal and 
cortico-striatal preparations [11, 60, 105, 122, 176].  

 Several methods have been developed to maintain thin 
slices of brain alive in a long-term culture. Two earlier 
methods described by Gahwiler [62] or Linder [96] were 
based on the use of either roller tubes or Maximov-type 
chambers. Though more contextual than the dissociated pri-
mary neuronal cultures, organotypic cultures prepared by the 
conventional “roller tube” technique have been shown to be 
difficult to prepare and known to bear a large experimental 
variability due to thinning of tissues to a nonphysiological 
monolayer of cells. In more recent years, a membrane inter-
face culture method was described by Muller and colleagues 
[155], which provides an easier access to the slice culture 
preparation. While all of these techniques generate brain 
slices that maintain viability during a long term culture and 
that successfully preserve much of the tissue architectures, 
most studies now utilize various modifications of the mem-
brane interface methods.  

 The principle of membrane interface culture methods is 
to maintain brain slices on a porous membrane filter at the 
interface between medium and a humidified atmosphere. The 
medium provides adequate nutrition to tissues through the 
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membrane via capillary action. A detailed procedure for slice 
preparations and culturing tips have been previously elabo-
rated by Bergold and Casaccia-Bonnefil and Noraberg et al.
[14, 118]. 

 Organotypic slice cultures have been typically prepared 
from brains of animals at postnatal days 3-9. Brain tissues 
from these young ages show a high degree of plasticity and 
resistance to mechanical trauma during the slice preparation, 
which is important in obtaining viable and healthy cultures 
routinely. At this age, basic synaptic connections have been 
established, particularly in the CA1 area of the hippocampus, 
but mature synapses have not yet been established in the 
brain, which normally develop during the following 2-3 
weeks in vivo [45, 129]. Interestingly, hippocampal slices from 
0 to 1 day old neonates are highly viable during culture, but 
they gradually lose their morphological characteristics, thus 
being unsuitable for long-term culture [39]. This may sug-
gest that less developed cells are more likely to dedifferenti-
ate [93, 171], compared to cultures from older neonates. 

 While perinatal cultures undergo a series of neuronal 
reorganizations in vitro to adopt a number of features of ma-
ture neuronal synapses, utilization of cultures derived from 
mature hippocampal slices might provide unique opportuni-
ties to study neuronal responses in vitro as in the adult brain. 
In fact, one of the elements shown in immature slice cultures 
is spontaneous epileptiform activity often observed after long-
term culture (over 3 weeks in culture), which results from 
the formation of an aberrant mossy fiber pathway in vitro.
This is in contrast to the mature slice cultures, where sponta-
neous epileptic activity has rarely been observed [179]. Two 
recent reports have elegantly demonstrated the establishment 
of functional hippocampal cultures from mature brains [58, 
179]. In both studies, three to four week-old rats were used 
to isolate hippocampal tissues, an age at which developmen-
tal maturation of the hippocampal formation reaches an adult 
level [129]. Preparation of slice cultures from older animals 
is technically more challenging and we and others noticed 
that degeneration during a long-term culture period occurs 
more often in these young adult slices compared to neonatal 
slice cultures. In our experience, this could be minimized by 
lowering the culture temperature to 34 

o
C. 

 Multi-layered pyramidal neurons in the CA1 area of im-
mature hippocampus tend to spread horizontally during cul-
turing to form a wider band of neurons. In comparison, ma-
ture slice cultures maintain a densely packed neuronal layer 
with fine dendritic arborization and dendritic spines for 
weeks in culture [179]. These slices retained intact synaptic 
networks, as manifested by a demonstration of evoked exci-
tatory post-synaptic potentials (EPSP) upon stimulation of 
Schaffer collaterals as well as synaptic facilitation and de-
pression [58]. Moreover, our data from a neurochemical 
study, illustrating massive ischemic injury-induced efflux of 
neurotransmitters, further substantiates the presence of active 
synapses in these slice cultures. Therefore, considering the 
balance of merits and challenges associated with this prepa-
ration, mature slice cultures could have specific utilities in 
either confirmatory studies following initial outcome in the 
neonatal culture or evaluation of critical pathways relevant to 
the aged brain. 

iii. Development and Plasticity of Brain Slice Cultures 

 Typical hippocampal slice cultures obtained from rats at 
postnatal days 3-9 can be maintained in vitro for weeks, dur-
ing which developmental maturation of hippocampal tissues 
continues ex vivo, as represented by characteristic morpho-
logical alterations. The existing basic synaptic connections at 
the early ages become progressively elaborated to form ma-
ture synaptic networks, which largely mimic the endogenous 
developmental changes in the brain during the first few 
weeks after birth. High synaptic density, dendritic arboriza-
tion, presence of active synaptic vesicles, and astrocytic 
maturation are a few examples of synaptic maturation in the 
slice cultures [9, 23, 46, 111, 179]. Confocal microscopic 
analysis by De Simoni and colleagues [45] showed that or-
ganotypic slices cultured for 1, 2, or 3 weeks in vitro were 
developmentally equivalent to brain slices dissected at post-
natal day 14, 17 or 21, respectively, in the number of pri-
mary branches, the total length of neurons, outgrowth of 
apical dendrites and spine density. In addition to structural 
development, long-term slice cultures have been shown to 
adopt patterns of gene regulation, protein expression, and 
synaptic activity of the adult hippocampus [9, 45, 137]. 
Binding studies with [

3
H]AMPA have demonstrated that the 

ligand binding sites in slice cultures are most concentrated in 
the dendritic fields of CA1 and CA3 [9], which is character-
istic of the adult hippocampus [16], while GluR mRNAs 
were detected in the neuronal cell bodies. In addition, in the 
study using whole cell patch-clamp recordings, there were 
no significant differences between organotypic and age-
matched acute slices in the frequency of action potentials, 
total miniature synaptic activities, and GABAergic miniature 
currents [45].  

 It is important to note, however, that there are also some 
properties in organotypic cultures that differ from endoge-
nous brain maturation in vivo. Tracing of single neurons by 
labeling with a fluorescent dye showed that neurons in or-
ganotypic slices were more complex, shown by an increased 
number of branches and higher order dendrites [45]. Consis-
tent with this, a significant increase in the frequency of glu-
tamatergic miniature synaptic currents was detected in or-
ganotypic slices, which probably reflects an increased num-
ber of total synapses. How are these differences induced in 
organotypic cultures? During slice preparation, axons of 
many neurons are inevitably cut. Subsequently, these trau-
matic reactions are stabilized over the course of the culture 
period and damaged axons have a chance to recover and re-
route the processes to form new neural connections. This is 
in contrast to acute slice systems, where there are few 
changes in neuroanatomy, as they are used within hours after 
the preparation.  

 The observation of in vitro neuronal rearrangements in 
organotypic slices leads to a few important points to note. 
First, this provides evidence that organotypic slice cultures 
can be used as a valuable tool in studying post-lesion out-
growth since evidence shows that damaged axons can regen-
erate in a supportive environment [47, 156, 176]. Second, the 
contribution of excitotoxicity and synaptic firing to acute 
neuronal injuries, such as ischemia and traumatic injury, and 
its impact on the outcome of long-term recovery have to be 
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examined with caution, since their involvement might have 
been over-accentuated in this model, compared to the native 
system. In a recent study, Adcock et al. (2004) have exam-
ined the development of Purkinje cells in organotypic cere-
bellar slice cultures [2]. It is known that the development of 
the dendritic tree of a neuron is regulated by the synaptic 
input from afferent fibers and activity-dependent signaling 
by neurotrophic factors. Surprisingly, they found that in ex
vivo brain slices development of the Purkinje cell dendritic 
tree was normal in the absence of excitatory neurotransmis-
sion and BDNF signaling. From these observations, they 
concluded that many aspects of Purkinje cell dendritic de-
velopment are achieved by an intrinsic growth program. 
However, it cannot be excluded that a higher basal synaptic 
activity in the organotypic cerebellum and resultant increases 
in autocrine/paracrine inputs might have played a role in 
leading to the normal development of dendritic arbors in the 
absence of afferent stimulatory inputs.  

iv. Functional Analysis of Neuronal Viability and Neu-

rodegeneration 

 To strengthen the usefulness of organotypic slice cultures 
in a wide range of studies examining neuronal fate, several 
methods have been utilized assessing neuronal death and 
survival. The two most common measures, propidium iodide 
(PI) uptake and lactate dehydrogenase (LDH) release, are 
based on changes in the cellular membrane permeability 
upon injury. Compared to healthy neurons, injured cells have 
compromised membrane integrity, allowing otherwise mem-
brane-impermeable molecules to pass through. PI is taken up 
by damaged cells and intercalated into DNA. This renders 
the dye to become fluorescent, which can be easily quanti-
fied either using imaging software, if specific regions are to 
be analyzed, or by a plate reader to determine total fluores-
cence [37]. Assessment of LDH activity in the culture me-
dium has been widely used as a quantitative measure of cell 
death in primary cultures [86]. Similarly, increased LDH 
efflux is also detected in injured organotypic slices [21, 117]. 
Assessment of cell death by mean PI uptake and LDH efflux 
into the medium has been found to be highly correlated with 
manual cell counting of live vs. dead cells [115, 117], and 
therefore can offer efficient measures of neurotoxicity in the 
organotypic slices. 

 Fluoro-Jade is a specific and selective marker to identify 
neurons undergoing degeneration [146]. It has been shown to 
stain not only cell bodies, but also dendrites, axon fibers, and 
terminals of degenerating neurons in brain tissues and or-
ganotypic slices [18, 55, 66, 88, 117]. When excitotoxic re-
sponses were evaluated using corticostriatal slices, exposure 
to kainic acid resulted in a concentration-dependent increase 
in Fluoro-Jade stained neurons in both the striatal and corti-
cal parts of the slice cultures. The staining was in good cor-
relation with an increase in PI uptake, while little Fluoro-
Jade staining was found in control cultures, corresponding to 
a low PI uptake in these cultures [88].  

 One of the commonly used viability assays in dissociated 
cultures is to measure the metabolic conversion of yellow 
MTT dye by active mitochondria to form insoluble purple 
precipitates in live cells. While this assay has not been rou-
tinely used to assess viability of slice cultures, it offers a 

different measure of viability than PI uptake or LDH release 
in that the MTT assay does not rely on membrane integrity 
of cells, but rather assesses their metabolic activity. In addi-
tion, unlike the LDH assay, one can obtain region-specific 
information related to differential cellular susceptibility to 
toxicity. Connelly and his colleagues have examined the 
utility of this assay to assess viability of organotypic slices 
from brain stem, hippocampus and spinal cord [39]. They 
observed accumulation of formazan precipitate in multiple 
cellular layers of the slices, which could be easily visualized 
by bright field or phase contrast microscopy. As slices de-
generated with time, delineation between purple regions 
(representing live cells) and unstained regions (representing 
dead cells) was clear, enabling the quantification of slice 
viability based on percent tissue area containing dark pre-
cipitates. They further suggested that slices could be sub-
jected to the MTT assay after obtaining other experimental 
parameters such as LDH release or electrical recordings. In 
this way, comparative correlations could be obtained be-
tween different assays and ultimately these multi-parameter 
outcomes would provide an accurate assessment of the vital 
status of brain slices. 

 In addition to general viability, a higher level of neuronal 
function can be verified by measuring intact synaptic activ-
ity. Mature hippocampal slices exhibit diverse synaptic 
events, including post-tetanic potentiation, long-term poten-
tiation and long-term depression [13, 58, 167]. These activi-
ties implicitly measure functional intactness of neural con-
nections beyond survival, and thus further establish working 
brain tissues in vitro. We will discuss this in more detail in a 
separate section below. 

v. Pharmacological Assessment in Organotypic Slice 
Models of CNS Disorders 

 Many features of long-term slice cultures such as devel-
opmental maturation, neuronal activity, cytoarchitectural 
maintenance as well as improvement of slice technology 
make them a useful tool for investigation of pathophysiology 
of brain diseases. Ischemic injury represented by oxygen-
glucose deprivation (OGD) is one of the widely-adopted 
models to study acute stroke pathology. Organotypic hippo-
campal slices subjected to a brief OGD injury exhibit region-
selective death of pyramidal neurons in the CA1 region, 
similar to that observed in vivo, while sparing neighboring 
neurons in the CA3 and CA4 and granular neurons in the 
dentate gyrus [37, 58, 89]. Ischemia-induced changes in sev-
eral biochemical parameters such as neurotransmitter release, 
post-translational modification of the synaptic protein phos-
phosynapsin, and involvement of caspase pathways, have 
been well characterized [37, 58, 80]. 

 Neuronal death following ischemic stroke is known to 
involve an acute phase of necrosis in the ischemic core as 
well as a slowly propagating neurodegeneration in the pen-
umbral regions [81]. Disruption of oxygen supply leads to 
rapid energy failure and membrane depolarization and sub-
sequently causes increases in intracellular calcium and exci-
tatory amino acid secretion. On the other hand, neurons in 
the ischemic penumbra are subject to energy-dependent pro-
grammed cell death cascades, involving several key apop-
totic players such as caspases, Bcl-2, and apoptosis inducing 
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factor-1 [101, 153]. Importantly, cell death in the organo-
typic cultures also seems to present both types of pathology. 
It has been demonstrated that pharmacological modulators 
such as excitotoxic inhibitors, channel blockers, and anti-
apoptotic reagents that could afford neuroprotection in vivo
are also active in preventing neuronal death following OGD 
injury in slice models (see a review by Noraberg et al.
[118]). In a recent report, activation of caspase 3 was visu-
ally illustrated by confocal microscopy using live cultures of 
organotypic slices, demonstrating a region-selective increase 
in active caspase 3 signals, which temporally preceded the 
cell death [37]. In addition, when the experimental window 
of observation was extended up to 5-6 days after OGD, there 
appeared a histological indication of cellular recovery in a 
small population of cells. Five days after OGD, while a ma-
jority of the pyknotic nuclear staining persisted, membrane 
blebbing observed in earlier days was significantly dimin-
ished and nuclear condensation appeared to be restored as 
shown by thionin staining [37]. Although functional out-
comes beyond the morphological recovery were not assessed 
in this study, it can be speculated that these initial changes 
may be linked to the endogenous neurological recovery fol-
lowing ischemic injury in preclinical models [109, 182], 
supporting the utility of long-term slice cultures for regen-
erative research. 

 The application of slice cultures has also been well ex-
plored in research of Alzheimer’s disease (AD). The hippo-
campus is known to play a central role in learning and mem-
ory and its malfunction has been implicated to be largely 
responsible for the cognitive deficits manifested in Alz-
heimer’s patients. Although still controversial, it is generally 
believed that beta-amyloid peptide (A ) “overdose” is a 
cause of AD pathology and, consistent with this view, di-
verse studies have attempted to characterize the effects of A
treatment in organotypic hippocampal slices. First, a number 
of laboratories have looked at the susceptibility of hippo-
campal neurons to A -induced neurotoxicity in organotypic 
slice cultures. A study by Bruce et al. have shown that the 
treatment of mature cultures (equivalent postnatal day 35) 
with beta-amyloid resulted in a time-dependent and a con-
centration-dependent increase in neuronal injury, leading to 
about 25% neuronal death at 48 hr of continuous A  expo-
sure and approximately 40% at 72 hr [20]. Importantly, im-
mature organotypic brain slices were shown to be resistant to 
A -induced neurotoxicity, thus substantiating the correlation 
between neuronal susceptibility and aging in this model. 
Secondly, organotypic hippocampal slices are known to de-
posit plaque-like A  aggregates [72]. Initially, immunohisto-
chemical analysis of slices following 2–3 days of treatment 
with A  showed A  immunoreactivity in the cellular com-
partment, mostly in microglia. By day 7 the slices treated 
with A  showed diffuse and seemingly extracellular plaque-
like deposits, which continued to progress over another 
week. The A  deposits were also shown to be associated 
with reactive glia. Furthermore, the deposition of A  plaques 
was increased by incubation with TGF-beta family proteins, 
which ultimately accompanied degenerative morphological 
changes in the CA1 region. These results in hippocampal 
slice cultures are consistent with those obtained from in vivo
studies, which demonstrate enhanced A  deposition by TGF-
beta treatment [61]. Recently it was shown that TGF-beta2 

can target A  to neurons in organotypic hippocampal slices 
and it was causally associated with increased ApoE release 
from the slice cultures [71]. Further, a low-density lipopro-
tein receptor-related protein (LRP) antagonist, RAP, was 
able to effectively block TGF-beta2-mediated targeting of 
A  to CA1 hippocampal neurons in both organotypic hippo-
campal cultures and brain infused with A , supporting the 
utility of these slices in modeling the chronic brain diseases.

 Lastly, hippocampal slice cultures demonstrate both 
structural and activity-dependent synaptic plasticity and A
has been shown to impair this plastic response [90]. With an 
advantage of long-term survival, organotypic hippocampal 
cultures can be utilized to evaluate the functions of novel 
genes or pharmacological agents in LTP formation and syn-
aptic efficacy, which may provide insights for molecular 
mechanisms of memory formation and facilitation of cogni-
tive function. 

 Glutamate-mediated excitotoxicity has been known to be 
involved in the pathogenesis of many neurodegenerative 
diseases. Corse and colleagues have developed organotypic 
slice cultures of lumbar spinal cord as a model of glutamate 
pathology in amyotrophic lateral sclerosis (ALS) [42]. ALS 
is a condition caused by a progressive degeneration of the 
motor neurons in the cortex and spinal cord, and chronic 
glutamate-toxicity is postulated as one of the major contrib-
uting mechanisms [150]. In the study by Corse et al. neurons 
in spinal cord cultures demonstrate a long-lasting viability up 
to 3 months and a well-preserved organotypic morphology 
including dorsal and ventral grey regions and central canals 
[42]. To replicate the chronic defects of a glutamate system 
observed in ALS patients, the slices were challenged with 
threo-hydroxyaspartate, which selectively inhibits glutamate 
transport, thereby resulting in the rise of extracellular gluta-
mate concentration and a marked loss of ventral motor neu-
rons. In this model of motor neuron degeneration, treatments 
with certain neurotrophic factors and anti-excitotoxic agents 
were shown to be neuroprotective [42, 100]. Interestingly, 
BDNF was not neuroprotective in these cultures, although 
spinal motor neurons express TrkB receptors [181]. In view 
of the lack of efficacy of BDNF treatment in clinical trials of 
ALS [12, 120], the organotypic glutamate toxicity model 
may provide a predictive preclinical model for ALS in fore-
casting the outcome of clinical trials. 

 One of the distinct advantages of organotypic slice mod-
els over other in vitro systems is that the slice cultures main-
tain the cytoarchitecture of the tissue being studied, allowing 
interaction of multiple cell types in the brain, namely neu-
rons, astrocytes and microglia. While astrocytes represent the 
major non-neuronal cells in the brain, microglia also com-
prise approximately 15 % of the adult brain population. The 
interplay between these glial cells and neurons has critical 
roles during normal development as well as during neuropa-
thogenesis. Although the origin of microglia has been a mat-
ter of controversy, results from various in vivo and in vitro
studies converge on the hypothesis that brain microglia come 
from both infiltrating blood monocytes and resident progeni-
tor cells. Some of the strong evidence supporting the pres-
ence of endogenous proliferating microglia are provided by 
studies using slice systems. Eliason et al. have shown that 
neocortex organotypic slice cultures subject to electrolytic 
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lesions increased the number of microglial cells detected 1-8 
days following lesions [53]. As slice cultures are deprived of 
any blood circulation, it is evident that this increase is attrib-
uted to progenitor cells residing in the brain tissue. Similar 
microglial activation around damage sites has also been well 
described in several rat brain injury models [1, 147]. There-
fore, results from the study by Eliason et al. demonstrate that 
slice systems can genuinely recapitulate important in vivo
cellular responses in vitro.

 Recent advancements in slice cultures further extend the 
utility of these models in research of neuronal demyelination 
and oligodendrocyte degeneration. A brief application of N-
methyl-d-aspartate to organotypic hippocampal slices in-
duced neuronal death and astrocyte activation along with 
secondary oligodendrocyte degeneration [128]. Treatment of 
slice cultures with a chimeric derivative of IL-6 and soluble 
IL-6 receptor resulted in preserving myelin basic protein 
(MBP) production. This result is consistent with the protec-
tive roles of IL-6 shown in vivo. Using IL-6 knock out ani-
mals, Cafferty et al. have shown that IL-6 is a critical com-
ponent in preconditioning injury responses of the sciatic 
nerve and increased regeneration of dorsal column axons 
[26]. In another study by Birgbauer et al. the process of de-
myelination and remyelination was studied using an organo-
typic cerebellar slice culture system [15]. Cerebellar slices 
demonstrated significant myelination after 1 week in culture. 
Treatment of the cultures at 7 days with the bioactive lipid 
lysolecithin produced marked demyelination, as determined 
by immunostaining for the myelin components myelin basic 
protein (MBP), myelin oligodendrocyte glycoprotein (MOG), 
and 2', 3'-cyclic nucleotide 3'-phosphodiesterase (CNPase). 
Importantly, after a transient demyelinating insult with lyso-
lecithin, the cultures recovered with oligodendrocyte differ-
entiation and some limited remyelination was observed. This 
study supports the potential of using the organotypic cerebel-
lar slice culture system as a model for studying myelination, 
demyelination, and remyelination in vitro.

vi. Application to Neurodegenerative Diseases 

 Development of therapeutics targeting neurodegenerative 
pathways faces major challenges, not least of which is the 
ability to test candidate reagents with reasonable throughput 
and with access to directly measure modulation of molecular 
targets and signal transduction pathways under investigation. 
The small body of work examining neuro-restorative and 
regenerative responses in organotypic culture is currently 
promising and suggests that positional and developmental 
cues and responses to exogenous stimuli are translated 
authentically in culture from the intact animal. Although 
tissues must be taken from young animals in order to de-
velop optimally in culture, and this may not mimic treatment 
goals in mature brain, core mechanisms of proliferation, dif-
ferentiation and axonal outgrowth are clearly preserved 
within the parameters so far measurable. In addition to the 
considerable throughput now offered by organotypic slice 
platforms in comparison with whole animal studies [44, 159, 
173], the ability to label specific pathways also adds value to 
evaluating contextual responses. Indeed by anterograde la-
beling of entorhinal neurons or by using genetically labeled 
co-cultures, it is possible to easily visualize labeled fibers 
extending from the entorhinal cortex to within the hippo-

campus [76]. One of the most compelling reasons for use of 
brain slices is the facility to image transgenic and transfected 
cultures using high resolution confocal and time-lapse mi-
croscopy. Expression of disease inducing or disease associ-
ated genes for Huntingdon’s, Parkinson’s and Alzheimer’s 
disease are currently in progress and supporting screening of 
focused small molecule libraries (Fig. 1). Although the 
throughput is characteristically lower than conventional 
screens using cell lines or primary neurons, a hit in these 
slice systems is efficacious in both a tissue and disease con-
text [173]. Furthermore, expression of such fluorescent 
transgenes allows a focus onto morphological plasticity both 
at the cellular and sub-cellular levels that may remain uncap-
tured within intact animals and may be pivotal to the mecha-
nisms of neuronal recovery and development of therapeutic 
targets. 

II. REGENERATION IN ORGANOTYPIC CULTURES 

i. Introduction  

 The mature CNS is now recognized to respond adap-
tively to injury [54, 108, 140, 141]. Stem cells are stimulated 
to produce neuronal and glial progenitors and these cells 
appear to be recruited from germinal zones to sites of injury. 
Existing neurons are also able to mount a regenerative 
sprouting response to chemical and structural injury. In best 
cases, these responses can generate a partial neuroanatomical 
repair capable of integrating new cells into existing neuronal 
circuitry [57, 113]. However, the inherent complexity of the 
brain makes it very difficult to analyze the functional quality 
of the new tissue and the mechanisms by which it originated. 
Alternatively, organotypic brain slice cultures simulating 
contextual brain injury provide an in vitro platform with bet-
ter access for study. 

 Since the prevailing view until recently has been that the 
mature CNS possessed very little intrinsic plasticity [95], it 
is perhaps not surprising that experimentation using ex vivo
models of brain injury have seldom been extended to exam-
ine their regenerative properties. Recently, this situation is 
changing and below we will describe the current understand-
ing of regenerative capacities in cultured brain tissue and 
where possible the authenticity of the response as it trans-
lates in vitro experimental findings to whole animal studies. 

ii. Neurogenesis and Gliogenesis 

 The hippocampus is perhaps the best studied brain struc-
ture in organotypic culture. In vivo neurogenesis occurs in 
the adult hippocampus of several vertebrate species, includ-
ing humans [84]. New granule neurons are born in the sub-
ventricular zone and migrate to the dentate gyrus where they 
differentiate. Ischemic and chemical injury appears to tran-
siently up-regulate the numbers of newborn cells, however, 
their ability to be sustained and contribute to repair is largely 
unknown [162]. Several laboratories have now examined the 
capacity of cultured postnatal hippocampal tissue to generate 
new glial cells and neurons [35, 92, 118, 132]. Most obvi-
ously, there is an extensive proliferation of astrocytes 
(mostly reactive type II), microglia and fibroblastic cells 
immediately following explantation leading to a type II as-
trocytic glial cover to the sectioned hippocampal surface; the 
majority of type I astrocytes and fibroblasts appear confined 
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to outgrowth zones at the substratum culture interface. No 
evidence for oligodendrocyte proliferation has been detected, 
potentially indicating the early ontogeny of the oligodendro-
glial lineage within the hippocampus or the lack of stimula-
tion of oligodendroglial precursor proliferation under simple 
culture conditions. In the rat, neurogenesis within the dentate 
gyrus appears to develop normally with new-born BrdU/ 
NeuN positive cells appearing spontaneously and incorporat-
ing according to a similar pattern to that which is detectable 
in the intact animal [132]. These cells appear to be prolifera-  

tive for at least 4 weeks following labeling in slice culture. In 
order to better visualize neural stem cells, a knock-in of the 
EGFP reporter gene into the bHLH transcription factor Ngn2 
locus has been used; this factor is responsible for neuronal 
determination within developing stem cells [116, 158]. Us-
ing mouse organotypic hippocampal tissue cultured for 2.5 
weeks it has been possible to track migration paths of neu-
ronal precursors over a period of 45 days. These studies 
demonstrated that the migratory pattern of Ngn2 labeled 
cells closely correlates with the postnatal pattern of devel- 

Fig. (1). (A) Schematic diagram of brain slice preparation and biolistic transfection in a multi-well platform (from personal communication 

with D. Lo et al.) (B) Application of brain slice technology for screening of pharmacological and genetic candidates affording neuroprotec-

tion (reproduced from [173] with kind permission). 
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opment established in vivo, where cells leave the secondary 
dentate matrix within a strong rostro-ventral gradient and 
persist in the subgranular zone of the dentate gyrus. Ulti-
mately, these cells co-express BrdU and doublecortin, an 
early neuronal marker [70]. 

 These data clearly demonstrate the birth and maturation 
of neurons in hippocampal slice cultures for substantial peri-
ods of time and that these cells differentiate regionally and 
phenotypically appropriately. In addition to these parallels, 
treatment with growth factors such as EGF (epidermal 
growth factor) can increase numbers of proliferating neu-
ronal precursors in slice cultures [132] and EGF has also 
been shown to upregulate the numbers of neuronal precursor 
cells in vivo [113]. In situ, EGF receptors are also likely to 
respond to TGF-alpha (endogenous ligand) to promote neu-
rogenesis [41]. Indeed, TGF-alpha signaling via the EGF 
receptor pathway appears to cooperate with stimuli from 
both sonic hedgehog and soluble amyloid precursor protein 
to promote neuronal stem cell proliferation [27]. IGF1 (insu-
lin like growth factor 1), FGF2 (basic fibroblast growth fac-
tor) and CNTF (ciliary neurotrophic factor) have also been 
demonstrated to play an important role in neurogenic stem 
cell turn over and CNTF does so in part by up-regulation of 
Notch1 expression [69]. In vivo, it is likely that several of 
these factors are contributed by astrocytes and that metallo-
proteinase enzymes activate the pathways by cleavage of 
membrane located growth factors [17]. Factors including 
BDNF (brain derived neurotrophic factor) and VEGF (vas-
cular endothelial growth factor) also play important roles in 
promoting survival of differentiating neurons [38, 74]. 
Ischemia has been shown to up-regulate neurogenic mecha-
nisms and several expression profiling studies implicate sig-
nificant numbers of genes in mobilizing the response, re-
viewed by [97]. Hypoxic treatment also appears to regulate 
neurogenesis and survival in the cultured hippocampus and 
dentate gyrus [33]. Hypoxic conditions applied to rat hippo-
campal slice cultures followed by reoxygenation also acti-
vates the ERK and JNK pathways as ischemia does in vivo
[56, 184]. Application of profiling and gene knockdown 
technologies to the organotypic slice under conditions de-
signed to stimulate neurogenesis should allow dissection of 
molecular pathways critical to stem cell proliferation and 
differentiation in a simplified but contextual manner. 

 Based on demonstrated plasticity, the hippocampal slice 
system appears a validated, disease relevant and authentic 
system to study endogenous regenerative responses. How-
ever, less information is available regarding neurogenic and 
gliogenic responses in organotypic cultures harvested from 
other brain regions or their modulation by injury and chemi-
cal stimuli. Slice cultures from the embryonic neocortex are 
an exception as they demonstrate both gliogenesis and neu-
rogenesis and retain authentic anatomy and the ability to be 
cultured for prolonged periods [10, 75]. 

iii. Axogenesis 

 Several organotypic culture systems have been used to 
analyze the regenerative capacities of severed axons. Re-
cently, the entorhino-hippocampal pathway has been studied 
in a number of different laboratories. The entorhinal cortex 
connects the hippocampal and neocortical formations, is 

critical in supporting learning and memory and is signifi-
cantly affected during Alzheimer’s disease [170]. In vivo, the 
ability of axotomized entorhinal axons to regrow declines 
with developmental age from a relatively robust response to 
a barely detectable one by the second postnatal week. This 
diminished developmental regenerative capacity is mirrored 
in entorhinal-hippocampal co-cultures where severed en-
torhinal axons lose their capacity to regrow following 
axotomy after 2 weeks in vitro. However, this gradual loss in 
regenerative capacity makes the pathway an excellent system 
with which to investigate factors and mechanisms to promote 
axonal regeneration. In addition, the ability to encapsulate 
the entire pathway in horizontal slices and to juxtapose dif-
ferent ages of entorhinal and hippocampal tissues in co-
cultures makes this a very flexible system for study (see be-
low).  

 The ability of young hippocampal tissue to support the 
regrowth of severed of E18 entorhinal axons in culture has 
been examined. This tissue appears permissive for regenera-
tion and results in an axonal projection to the hippocampal 
tissue terminating in the outer molecular layer of the hippo-
campus, the appropriate in vivo target [76]. However, it has 
also been established that there is a limited ability to modify 
the regenerative connections made from the postnatal en-
torhinal cortex by juxtaposition of different hippocampal 
target fields due to the apparent early specification of en-
torhinal projection neurons [166]. Because of this limited 
capacity for regeneration following lesion within the per-
forant pathway the period at six days of in vitro culture pro-
vides an optimal basis for screening agents that enhance the 
growth of axons. To date, several growth factors, including 
NT-4, GDNF and FGF appear to be effective in promoting 
axonal regrowth, resulting in significant increases in detect-
able fibers reaching their targets [130]. 

 The presence of myelin inhibitors of axonal regeneration 
is also well established within the perforant pathway and 
myelin proteins are readily detectable in organotypic cultures 
[22]. The ability of functionally neutralizing antibodies di-
rected against a major component of myelin to promote per-
forant pathway regeneration has recently been investigated. 
In these studies, treatment with IN-1 antibodies that func-
tionally block the Nogo-A ligand [22] enhanced entorhinal 
axon regrowth; however, the potential functional integration 
of regenerated fibers remains to be tested [105]. The mossy 
fiber tract constitutes another major axonal pathway in the 
hippocampus and plays a central role in learning and mem-
ory. Mossy fibers normally exhibit very specific patterns of 
innervation to the stratum lucidum and following transection 
appear substantially able to regenerate according to their 
native pattern [24]. Mossy fiber tract regeneration has there-
fore been examined in an organotypic context to study the 
influence of endogenous and exogenous inhibitors. In addi-
tion to components of myelin, chondroitin and keratan sul-
phate proteoglycans are known to strongly inhibit regrowth 
of axons in vitro [106]. Digestion of chondroitin sulphate 
molecules following spinal cord injury can also substantively 
enhance sprouting and regeneration. However, the role 
played by both these inhibitors in the brain is unclear and 
dramatic changes in the pattern of mossy fiber outgrowth 
following transection can be produced by keratinase but not 
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by chondroitinase treatment [106]. Overall, interplay be-
tween inhibitory factors and permissive guidance cues are 
likely to dictate regenerative outcome; although this study 
suggests, at least in the hippocampus, keratinase may be the 
more important factor in guiding outgrowth. Importantly, 
this organotypic system demonstrates that it can quantita-
tively differentiate between related inhibitory molecules. 
Further study will hopefully elucidate whether the smaller 
quantities of proteoglycans that accumulate following brain 
injury play a positive role in establishing anatomically cor-
rect regenerative responses by guiding axonal regrowth ap-
propriately or whether, as in the spinal cord, they provide 
barriers to regeneration, by blocking sprouting. 

 In addition to the mossy fiber pathway, transection of the 
Schaffer collateral pathway is also possible in hippocampal 
slices [104]. This lesion usually responds by reactive sprout-
ing in the CA3 region within 3 days of the injury and restora-
tion of synaptic transmission within 2 weeks between the 
CA3 and CA1 regions. Apparently, these responses can be 
modulated dramatically by exposure to glutamate receptor 
antagonists [110, 175]. In particular, NMDA receptor an-
tagonists induce significant collateral sprouting, whilst non-
NMDA glutamate antagonism prevents any induction of a 
sprouting response. The mechanisms are unknown but may 
depend more on modulation of neurotrophic factor signaling 
than excitatory activity, since they are not affected by pro-
found sodium channel inhibition. Extensive fiber growth 
following injury, as described for the mossy fiber pathway 
above, suggests that outgrowth inhibitory factors may not 
play a major growth repulsive role in organotypic culture. 
However, it will be important to establish if in vitro re-
sponses to physical and chemical stimulation, including up 
regulation of inhibitory factors, are mounted in the same 
qualitative and quantitative manner as they appear in vivo.
Elucidation of these differences will be critical in translating 
the authenticity of ex vivo and in vitro studies. 

III. EVALUATION OF INDICATORS OF NEU-
RONAL FUNCTION 

i. Introduction 

 Following the various morphological indicators of neu-
ronal survival and outgrowth as discussed in the previous 
sections, it remains important to address the functional status 
of the surviving tissue. The best indicator of functioning neu-
ronal tissue is generally considered to be electrophysiologi-
cal measurement of synaptic activity, although other end-
points such as Ca

2+
 indicator dyes [107, 136, 165, 168], Cl

-

sensitive dyes [63], intrinsic light transmittance or cell vol-
ume [4], ion sensitive electrodes [148], and microdialysis 
[138] have been used in some studies. The following discus-
sion will focus on the various electrophysiological measures 
of neuronal function in slices.  

 Electrical recordings of synaptic efficacy and plasticity 
have been used for many years to measure neuronal function 
in slices. Standard measures of synapse function include 
determining input-output curves (synapse strength), paired-
pulse behavior (pre- and post-synaptic contributions) and 
long-term potentiation (LTP) and long-term depression 
(LTD) of the synapses under study. Hippocampal slices are 
the most common preparation, although cortico-striatal [29, 

30], spinal cord LTP [133, 163, 177], and spinal cord LTD 
[36, 144] have also been used. In acute slices, extracellular 
stimulating and recording electrodes can be placed in any 
area containing high densities of pre- and post-synaptic neu-
rons. In this way, the summed activity from many cells can 
be recorded simultaneously. Recordings of single cells can 
also be recorded using either intracellular or patch-clamp 
techniques, thus allowing more experimental control of the 
system. This latter technique is generally utilized for record-
ing in organotypic slices, as field (population) potentials are 
more difficult to detect in these preparations. These standard 
methods of recording synaptic efficacy and plasticity have 
been reviewed elsewhere [99, 143, 180], and thus compre-
hensive review of these subjects will not be covered here. 
Instead, the application of these techniques to neurodegen-
erative disorders will be discussed.  

ii. Alzheimer’s Disease 

 Hippocampal slices offer a well-validated model for 
studying the impact of chronic neurodegenerative mecha-
nisms on synaptic transmission and plasticity. A variety of 
different mouse models of Alzheimer’s disease have been 
generated, many of which are designed to alter the levels of 
A . Hippocampal slices have been analyzed from many of 
these mice, and most studies have shown that synaptic 
transmission and/or long-term potentiation (LTP) are defi-
cient when compared to wild-type littermate controls [19, 34, 
59, 77, 91]. These deficits often worsen with the age of the 
mice, and in some cases have been demonstrated to precede 
amyloid plaque formation [77]. In a few cases, these altera-
tions have been described to occur from changes in synaptic 
or dendritic structure [79, 178], as few of the mouse models 
display neurodegeneration. It is also becoming more widely 
accepted, however, that A  oligomers directly impair synap-
tic function, as A  oligomer application directly onto slices 
from wild-type animals can impair LTP [169, 172, 174] and 
facilitate the induction of LTD [85], presumably mimicking 
the acute effects of such peptides in vivo. Recent work [94] 
has described the extraction of a 56 kD A  from Tg2576 
mice that when applied to slices can inhibit LTP. This pro-
tein is apparently a dodecamer of A , possibly via formation 
of 4 trimer molecules.  

 Impaired LTP or synaptic transmission in some mouse 
models of AD can be reversed by pharmacological inhibition 
of gamma-secretase [73, 172], one of the enzymes responsi-
ble for producing A . In addition, rescue of the synaptic 
deficits in these animals has been reversed by crossing the 
AD mouse line being studied with knock-out strains of either 
presenilin 1 (a required protein for gamma-secretase) or 
BACE1, the other enzyme responsible for cleaving the par-
ent amyloid precursor protein into A  [48, 121]. In addition, 
many other mechanisms have been demonstrated to enhance 
synaptic transmission and/or plasticity in models showing 
such deficits, thus leading to multiple hypotheses regarding 
potential cognitive enhancers in AD [40, 67, 118, 169].  

iii. Anoxia/Oxygen-Glucose Deprivation (OGD) 

 The presence of synaptically evoked population spikes is 
often utilized as a functional indicator of neuronal viability, 
as this requires survival of both the pre- and post-synaptic 
cells and their synaptic connections [7, 50, 98, 149]. Cell 
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body survival alone may not result in functional tissue, as 
axons and synaptic transmission must also be spared to score 
as functional using this criteria [157]. Deprivations that in-
jure tissue result in a decreased number of slices that are able 
to generate a population spike or a decrease in the amplitude 
of a population spike from an individual slice. Previously 
[7], glutamate receptor antagonists (NMDA and/or non-
NMDA) have been shown to be neuroprotective in this 
model regardless of the readout, thus indicating its similarity 
to other models of ischemia.  

 Most commonly, acutely isolated, adult tissue is used for 
these studies, which allows one to avoid the developmental 
differences often inherent when using cultured tissue from 
young/newborn animals. Another advantage to using acute, 
non-cultured slices is that the signals recorded extracellularly 
are large, as the tissue retains its denser and thicker charac-
teristics compared to cultured slices. This does, however, 
limit outcome measures to short term readouts (hours, not 
days), which lends itself more to the study of excitotoxic 
mechanisms than to apoptotic ones.  

 In most studies, hippocampus, corticostriatum [28, 124] 
spinal cord [112, 164] or other brain tissue is chopped or 
vibratomed into ~400 m thick slices, which are then trans-
ferred into either a Haas-type interface recording chamber or 
a submerged chamber. In the hippocampus, electrophysiol-
ogy is typically done using a bipolar stimulating electrode on 
the surface of the Schaffer collaterals, mossy fibers or per-
forant path, and recording from area CA1, CA3 or dentate 
gyrus, respectively, is performed. Data is taken from one or 
more slices at a time, and anoxia/ischemia or excitotoxins 
are applied to the slices through the recording chamber solu-
tion and atmosphere. Alternatively, many (up to 10) slices 
are placed into two recording chambers, which are run in 
parallel. Each slice is tested for viability by examining 
evoked population spikes (EPSPs), after which ischemic 
agents are applied through the recording chamber. After a 
recovery period (typically 60-90 min after the insult), each 
previously–viable slice is again tested for viability. Experi-
mental data are then expressed as the change in amplitude of 
the individual responses or the percentage of slices which 
remained viable, respectively.  

 Hippocampal slices can be subjected to various metabolic 
stresses [3, 7, 50, 107, 149]. Anoxic insults are usually pro-
duced by switching the gas mixture arriving at the recording 
chamber from 95:5 O2:CO2 to 95:5 N2:CO2 for a period up to 
30 minutes. In vitro oxygen-glucose deprivation (OGD) is 
defined as the exposure of slices to simultaneous anoxic and 
aglycemic conditions. In some experiments, slices are ex-
posed to a high (~10 mM) concentration of glutamate, 
NMDA or other excitatory neurotransmitter in the ACSF. 
Glutamate concentrations utilized are higher than that occur-
ring in ischemia, which clearly indicates that the glutamate 
uptake mechanisms in slices are functioning under these 
conditions and that this activity helps maintain viable neu-
rons when exposed to glutamate (but not for ligands such as 
NMDA which lack an active uptake mechanism). In these 
types of experiments, potential neuroprotective agents can be 
included in the ACSF before, during and/or after an insult. 
The timing of inhibitor application in relation to the meta-

bolic stressor/insult may affect the neuroprotective ability of 
some classes of compounds, reflecting the state of ionic gra-
dients in the tissue.  

 A variety of different electrophysiological end points 
have been utilized. Many studies examine population spikes 
(action potentials) or field EPSPs, as these represent the ag-
gregate activity of many neurons/synapses. Thus, if damage 
results in a partial survival of the tissue (pre- or post-
synaptically), this method will detect a smaller response [9, 
119, 149]. Conversely, more detailed information from indi-
vidual neurons may be obtained by patch-clamp recording 
with the resulting excitatory postsynaptic potentials or cur-
rents (EPSPs/EPSCs) being the endpoint. Additionally, spon-
taneous synaptic activity has been recorded by many investi-
gators, but this has found limited utility in acute slice ex-
periments due to a low level of unstimulated activity in con-
trol tissue, high variability, and ‘crude’ quantification (spike 
and burst counts) that is often needed [6, 8, 51, 102, 103]. 
Several studies of synaptic transmission in vitro and in vivo
have found alterations (reductions) after ischemic events, 
and this is speculated to serve some protective function for 
the brain [5, 64, 183]. One report of increased activity after 
an OGD event, however, was attributed to a potentiation-like 
phenomenon occurring in the slices [31], presumably due to 
a large release of glutamate during the event. This does not, 
however, appear to be a general phenomenon that has appli-
cability to most slice models. 

 The hippocampal slice is a model system in which the 
study of the mechanisms underlying ischemic damage can be 
investigated in a controlled manner. In most studies [7, 139, 
161] a severe insult is applied, which results in an average 
control slice survival of <10%. This severe damage is caused 
by large amounts of glutamate release, as the tissue can be 
fully protected by applying a combination of NMDA (MK-
801) and AMPA (GYKI) antagonists, as has been shown in a 
variety of different studies (reviewed by [43, 145]). If more 
moderate insults are delivered, moderate damage can result, 
which is blocked fully by MK-801 alone. The level of dam-
age occurring in slices can be adjusted easily by altering the 
duration of the anoxia/ischemia used and the temperature of 
the slice chamber. This glutamate release is likely through 
both neuronal and glial sources, with the exact fraction dif-
fering depending on the exact circumstances of the experi-
ments.  

 Several studies have indicated that glutamate can rise to 
neurotoxic levels during severe ischemic episodes by way of 
reverse uptake through the glial glutamate transporter 
EAAT2 [139, 161]. One could conclude that blocking this 
reversed uptake might be neuroprotective, but this has not 
been demonstrated as of yet. In contrast, gene deletion or 
antisense knockdown of EAAT2 has been shown to exacer-
bate damage induced by transient focal ischemia in rodents, 
[114, 134]. In addition, dysfunction of high affinity gluta-
mate transporters, either experimentally or via natural muta-
tion, has been linked to a number of neurodegenerative con-
ditions, including amyotrophic lateral sclerosis (ALS), epi-
lepsy and retinal degeneration (reviewed by [52]).  

 A moderate anoxic or OGD insult when applied to slices 
is an attempt to model moderate/penumbral ischemic insults 
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that can occur in vivo. In contrast to the ischemic core, which 
is probably modeled better by the severe insult method, sur-
rounding brain areas with continued partial blood flow 
(termed the penumbra) are less seriously affected, and thus 
suffer significantly less cellular damage than in the ischemic 
core. As might be predicted, less glutamate is released into 
the extracellular space in the penumbra [68, 125]. The elec-
trochemical gradients in the penumbra are not as severely 
disrupted as in the core, and therefore glutamate is not sig-
nificantly released through reversed operation of the glial 
glutamate transporters. Instead, most of the glutamate ema-
nates from neuronal sources within the penumbra [68]. This 
version of the anoxic/OGD slice model should be able to 
identify more subtle mechanisms of glutamate release that 
could be important therapeutically.  

 Most experimental protocols involve exposing slices to 
anoxic or OGD periods. Mechanistic differences between 
anoxic and OGD conditions have been reported to result in 
differing activity of neuroprotective agents [157]. Anoxia 
has been shown to cause an ‘anoxic depolarization’ loss of 
function, increase in intracellular Ca

2+
 and subsequent death 

of cells in an NMDA independent manner [3, 154]. In con-
trast, OGD induces glutamate release, Ca

2+
 influx, and sub-

sequent cell death via well described processes [49, 160].  

 Although we will not extensively review the literature 
here, a few studies have used biochemical measures of cell 
death in slices as an endpoints [18, 37, 75, 82, 135]. These 
studies usually seek to use methods of detecting apoptosis or 
other cell death features used in dissociated cell cultures and 
apply them to hippocampal slices. Due to the difficulties of 
imaging in thick acute slices, most work has been performed 
in organotypic slice cultures where imaging is technically 
more feasible.  

 Previous studies have indicated that synaptic responses in 
regions sensitive to ischemia (like CA1) can potentiate after 
an ischemic insult in a long-term potentiation-like (iLTP) 
phenomenon [31, 32]. In striatal spiny neurons/corticostriatal 
synapses, iLTP is NMDAr, mGluR, Ca

2+
 influx and MAP-

kinase dependent, similar to that of traditionally stimulated 
LTP. Striatal cholinergic interneurons, however, are resistant 
to ischemia and iLTP, but do undergo stimulated LTP. Simi-
larly, anoxic LTP has been demonstrated to occur in area 
CA1, where it is AMPAr/NMDAr mediated, like stimulated 
LTP [78]. Both forms of LTP exhibit NMDAr upregulation, 
Ca

2+
 influx dependence, decreased paired pulse facilitation, 

and demonstrate occlusion with each other. Thus, the pres-
ence of ischemia/anoxia induced LTP may be a surrogate for 
neurons sensitive to these types of insults. 

iv. Parkinson’s Disease 

 Neurodegeneration in striatal dopaminergic neurons is a 
well known cause of the in vivo effects brought about in 
Parkinson’s disease. This neurotoxicity has been reproduced 
in striatal slice models (acute and organotypic slices) using 
L-DOPA, MPP+, rotenone and paraquat, although physio-
logical endpoints have generally not been used [25, 65, 151, 
152]. One interesting recent exception to this, however, is 
the demonstration that L-DOPA-treated animals which de-
velop involuntary movements (resembling human dyskine-

sias) have a selective impairment in LTD [126]. This is in 
contrast to control animals and to L-DOPA treated animals 
that did not develop involuntary movements. Both LTP and 
LTD are key components of synaptic plasticity in the corti-
costriatal system, and thus loss of part of this system will 
have obvious negative consequences. The details of the 
physiological affects of dopamine and its receptors in stria-
tum has been nicely reviewed by the major authors contrib-
uting to this field, and so will not be reiterated here [127]. 

CONCLUSION 

 Growing numbers of studies have been conducted over 
the past two decades on the development and optimization of 
various acute and organotypic brain slice models, which has 
led to the implementation of validated platforms for studies 
of both normal and diseased brain functions. Hitherto suc-
cessful applications of neural slice cultures span widely from 
the developmental studies of neuronal architecture and syn-
aptic circuitry to the pathological modeling of stroke, epi-
lepsy, AD, Parkinson’s and Huntington’s diseases. In addi-
tion to being an in vitro system with a number of advantages 
over animal models, such as easy access and precise control 
of the extracellular environment, the slice platform has be-
come even more powerful with technical advancements in 
high-quality imaging and the direct translation of neuronal 
viability to its functional outcome. The functional endpoints 
of synaptic activities and plasticity in the acute and cultured 
slices make possible measurements of both short and long-
term alterations in synaptic efficacy with reasonable through-
put, relative to animal models. The endpoints measured in 
slices are potentially directly applicable to brain function, as 
the cellular contacts and architecture are largely intact, espe-
cially in the acute slices. An additional dimension available 
with brain slices is the ability to prepare slices from normal, 
drug treated, and/or genetically modified animals, plus al-
lowing treatment of the tissue with additional agents once its 
taken in vitro. The combination of these treatments creates 
an extremely flexible and powerful suite of techniques for a 
variety of research applications. A recent study using GFP-
expressing embryonic stem cells further highlights the versa-
tility of long-term neural slice cultures, in which a therapeu-
tic potential of cellular replacement strategies was tested in 
the nigro-striatal slices [83]. Tissue-specific migration, phe-
notypic differentiation and synaptic incorporation of embry-
onic neuronal precursor cells onto mature neurons within 
engrafted slices make this in vitro brain system highly valu-
able in testing the feasibility of cell transplantation ap-
proaches and the functional outcome of circuitry reconstruc-
tion in three dimensional brain tissues. 

 While tackling the challenges of identifying effective and 
tractable drug targets, development of novel therapeutics for 
many neurological diseases relies on the ability to test candi-
date reagents in the most contextual and surrogate models of 
human diseases. Though brain has naturally been an excep-
tionally difficult organ to mimic in isolation, the advance-
ments in brain slices and its accompanying technological 
innovations has provided a tremendous potential to address 
questions with a speed that previously could not have been 
achieved. Further increases in our understanding of this field, 
along with the continual emergence of studies successfully 
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translating results from in vitro to in vivo, will have great 
value in defining additional molecular mechanisms of neu-
rodegeneration and regeneration as well as pharmacological 
interventions by novel therapies. 
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