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Abstract
The neurogenic regions such as subventricular zone of the lateral ventricles could become ischemic
in some clinical situations due to the blockage of blood vessels by blood clots. Hence the aim of this
study is to investigate the effects of OGD on the growth of neural progenitor cells and the
phosphorylation of ERK, which plays an important role in the growth of these cells. Oxygen Glucose
Deprivation (OGD) for 4 h decreased the growth of neural progenitor cells in vitro and also decreased
the phosphorylation of ERK (extracellular signal regulated kinase). Inhibition of the ERK pathway
for 4h using U0126 (10 μM) also decreased the growth of progenitor cells. These data suggest that
a decline in the phospho-ERK content might decrease the growth of progenitor cells following OGD.
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Neural progenitor cells are present in distinct regions of the brain proliferating in response to
growth factors [1–4] and under pathological conditions [5,6]. Several studies have
demonstrated an increase in the proliferation of neural progenitor cells following cerebral
ischemia [7–10]. It is interesting to note that most of the ischemic studies (Middle Cerebral
Artery Occlusion) demonstrate damage to striatum and/or cortex. But, the neurogenic regions
such as subventricular zone of lateral ventricles and subgranular zone of hippocampus
harboring neural progenitor cells are not affected by ischemia. However, these neurogenic
regions could be subjected to ischemia in some clinical situations due to the clogging of arteries
by blood clots. Hence the aim of this study is to investigate the effects of OGD on the growth
of neural progenitor cells in vitro. To understand the role of OGD in the growth of neural
progenitor cells, we used cell proliferation assay [11]. Likewise we also studied the
phosphorylation of extracellular signal regulated kinase (ERK) which plays an important role
in the growth of cells [12], using phospho-specific antibodies and immunoblotting.

Adult rats (250–350g) were obtained from Charles River Laboratories and were cared for in
accordance with the NIH Guide for the Care and Use of Laboratory Animals. Neural progenitor
cells were cultured as previously described [13]. The animals were euthanized using high dose
of isoflurane to minimize pain and the walls of lateral ventricles from adult rats were dissected,
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minced and digested with PPD solution containing (0.1% papain, 0.01% DNase, 0.1% Dispase)
in Hanks balanced salt solution (HBSS). The dissociated cells (0.4 × 106) were cultured in
neurobasal medium containing B27 supplement (without retinoic acid), FGF 20 ng/ml, heparin
2 μg/ml, glutamine (2 mM) and antibiotics for 5–7 days to generate neurospheres. The
completely grown neurospheres were dissociated with accutase (sigma) and used for oxygen
glucose deprivation studies. The dissociated progenitor cells were washed and incubated in
OGD medium (20 mM NaHCO3, 120 mM NaCl, 5.36 mM KCl, 0.33 mM Na2HPO4, 0.44 mM
KH2PO4, 1.27 mM CaCl2, 0.81 mM MgSO4) without glucose in an anaerobic chamber (PLAS
LABS, Lansing, MI) containing nitrogen (85%), hydrogen (10%) and carbon dioxide (5%)
mixture for 1–4 h [14]. Control cells were incubated in same medium containing glucose (5
mM) at 37°C in a regular CO2 (5%) incubator (Normoxic condition). For glucose deprivation,
cells were incubated in OGD medium but incubated at 37°C in a CO2 incubator, while oxygen
deprivation was achieved by adding glucose to OGD medium and incubating the cells in
anaerobic chamber. In one set of experiments, cells were incubated in glucose containing
medium in the presence of U0126 (10 μM), an ERK inhibitor, for 4 h at 37°C under normoxic
conditions. Following the incubation at specific conditions, cells were either used for
proliferation assay or immunoblotting.

Cells (1 × 104) were suspended in 100 μl neurobasal medium containing B27 (2%), heparin (2
μg/ml), FGF2 (20 ng/ml) in a 96 well plate. After 5 days in culture, 20 μl of assay reagent
(CellTitre 96 AQueous; Promega Madison, WI) was added to the cell suspension and incubated
at 37°C for 2 h to allow the conversion of tetrazolium salt into a formazan product. The optical
density was measured at 490 nm in an ELISA plate reader. Culture medium without cells was
used as blank. Before performing a cell proliferation assay, bright field images of the cells were
captured using a Nikon camera. Following OGD, progenitor cells were homogenized in lysis
buffer (20 mM Na2HPO4, pH 7.0, 50 mM NaF, 10 mM Na4P2O7, 150 mM NaCl, 5 mM EGTA,
5 mM EDTA, 2% Triton X-100, 1 mM Na3VO4 and 0.5% deoxycholate), centrifuged at 12,000
g for 10 min to clarify lysate and used for immunoblotting. 30 μg of protein was separated by
poly acrylamide gel electrophoresis and transferred to a PVDF membrane. The membranes
were blocked with 5% milk in Tris-buffered saline containing 0.1% Tween 20 followed by
overnight incubation with primary antibodies for phospho-ERK1/2. Following washing,
peroxidase-coupled secondary antibody (anti-mouse IgG) was added and incubated for 1 h.
The membrane was washed and specific bands were visualized using super signal detection
reagents (Pierce, Rockford, IL). The total protein content was normalized using mouse anti-
actin antibodies (1:5,000). The intensity of the bands was measured using NIH image (SCION)
software. The phosphorylation of ERK was expressed as the ratio of phospho-ERK to actin.
Statistical analysis was performed by students “t” test and the results were compared to control.
Results were considered to be significant if P< 0.05. Data is represented as mean ± S.D. of 3–
5 experiments.

To study the effect of oxygen glucose deprivation (OGD) on the growth of progenitor cells,
cultured neural progenitor cells were subjected to OGD in vitro, in an anaerobic chamber
containing 85% nitrogen, 10% hydrogen and 5% carbon dioxide. OGD for 4 hours did not
compromise the cell survival as analyzed by trypan blue staining, but decreased the growth of
progenitor cells following replenishment of complete medium, as demonstrated by cell
proliferation assay (Fig. 1). Results in Fig. 1 show an equal number of cells in normoxic and
OGD conditions on day-1, but at the end of experimental period (5 days), the size of spheres
decreased in the oxygen and glucose deprived cells. Oxygen glucose deprivation of neural
progenitor cells for 4 hours decreased the phosphorylation of ERK in the adult neural progenitor
cells (Fig. 2A). The decline in the phosphorylation of ERK following OGD was time dependent,
beginning at 1h and continuing upto 4 h (Fig. 2B). Addition of glucose but not oxygen restored
the phospho-ERK content (Fig. 2C). The growth of neural progenitor cells decreased following
incubation in the presence of U0126, an ERK inhibitor, for 4 h (Fig. 3).
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Although the size of the neurospheres could not be measured precisely in free floating spheres,
their metabolic activity was assessed by cell proliferation assay, an index for cell growth/
proliferation. Our results demonstrate a decrease in the growth of cells following 4 h of OGD
in vitro. It is very well known that OGD depletes the ATP content of the cells thus
compromising with their metabolic activity. One of the important effects of ATP depletion is
the alteration in the phosphorylation of proteins, which plays a major role in regulating the
cellular activity. Phosphorylation of extracellular signal regulated kinase (ERK) is essential
for the growth of neural progenitor cells [15]. Since OGD decreased the growth of cells, we
studied the effect of OGD on the phosphorylation of ERK in adult neural progenitor cells. Our
results illustrate a decrease in the phosphorylation of ERK following 4 h of OGD, and the
decline in the phospho-ERK content was observed as a function of time (Fig 2B). These results
are consistent with an earlier observation demonstrating a decline in the phosphorylation of
kinases following OGD in astrocytes [16]. However, in their study, the phosphorylation of
kinases increased at 2 hours and subsequently decreased during OGD. The discrepancy
between their work and our observation could be due to the differences in the cell types (mature
cells verses stem/progenitor cells).

To examine the role of glucose and oxygen in the phosphorylation of ERK, neural progenitor
cells were exposed to either glucose or oxygen or both. Our results demonstrate the requirement
of glucose, but not oxygen, for the phosphorylation of extracellular signal regulated kinase.
One explanation for these results is the generation of ATP by anaerobic respiration in the
presence of glucose and absence of oxygen resulting in the phosphorylation of proteins. Thus
it appears that glucose may play an important role in the growth of cells. Our interpretation is
consistent with an earlier observation which demonstrated that low glucose during proliferation
decreased the proliferation of neural stem cells [17]. While oxygen deprivation decreased the
growth in our work, previous studies have illustrated that low oxygen increased the
proliferation of neural stem cells in vitro [18,19].

To further understand the role of the ERK pathway in the growth of NPCs following OGD,
we inhibited ERK using U0126 and studied the growth of NPCs. Consistent with a decrease
in the phosphorylation of ERK and the growth of cells after OGD, inhibition of ERK using
U0126 also decreased the growth of NPCs. These results indicate that inhibition of the ERK
pathway during OGD may be one of the factors responsible for the decrease in the growth of
NPCs. However, it should be noted that cell proliferation assay detects the metabolic activity
of the cells but not the cell division. Indeed a decrease in the metabolic activity following OGD
might result in the decrease in the growth of cells. Hence the oxygen and glucose deprived
cells may be growing slowly as compared to normoxic cells due to the decrease in the metabolic
activity. Thus it is logical to assume that OGD might decrease the rate of cell division.

These results together suggest that deprivation of oxygen and glucose in the neurogenic regions
such as SVZ and DG during ischemia may decrease the proliferation of NPCs.
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Fig. 1.
Effect of OGD on the proliferation of neural progenitor cells: Neural progenitor cells were
subjected to OGD for 4 h, followed by culturing in neurobasal medium containing B27 and
FGF2 for another 5 days. At the end of experimental period, cell proliferation assay was
performed to detect the metabolic activity of the cells. The decrease in the metabolic activity
of the cells is represented by bar graph. The cells were photographed before and after the
experiment. * P < 0.05 as compared to normoxic cells.
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Fig. 2.
Effect of OGD on the phosphorylation of ERK. A: Neural progenitor cells were subjected to
OGD for 4 h followed by lysis in lysis buffer. The lysate was subjected to immunoblotting
using phospho-ERK, ERK and actin antibodies. Note: OGD decreased the phosphorylation of
ERK but did not alter the content of ERK. * P < 0.05 as compared to normoxic cells. The
samples are shown in triplicate.
B: Neural progenitor cells were subjected to OGD for various time points and the cell lysate
was processed as described in Fig 2A. * P < 0.05 as compared to 0h incubation.
C: Effect of glucose and oxygen on the phosphorylation of ERK. Neural progenitor cells were
subjected to OGD, or glucose deprivation or oxygen deprivation for 4 h and the phospho-ERK
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content was detected as described in Fig. 2A. Note: Oxygen but not glucose decreased the
phosphorylation of ERK as compared to normoxic cells.
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Fig. 3.
Inhibition of ERK pathway decreases the proliferation of neural progenitor cells. Neural
progenitor cells were incubated under normoxic conditions in the presence and absence of
U0125 (10uM) (ERK inhibitor) for 4 h. After the experimental period, cells were subsequently
cultured in neurobasal medium containing B27 and FGF2 for 5 days. At the end of experimental
period the cells were photographed and cell proliferation assay was performed as described in
methods. * P < 0.05 as compared to normoxic cells.
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