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Abstract

Astrocytes perform many functions in the brain and spinal cord. Glucose metabolism is important for
astroglial cells and astrocytes are the only cells with insulin receptors in the brain. The common
antibiotic penicillin is also a chemical agent that causes degenerative effect on neuronal cell. The
aim of this study is to show the effect of insulin and glucose at different concentrations on the
astrocyte death induced by penicillin on primer astroglial cell line. It is well known that intracranial
penicillin treatment causes neuronal cell death and it is used for experimental epilepsy model
commonly. Previous studies showed that insulin and glucose might protect neuronal cell in case of
proper concentrations. But, the present study is about the effect of insulin and glucose against
astrocyte death induced by penicillin. For this purpose, newborn rat brain was extracted and then
mechanically dissociated to astroglial cell suspension and finally grown in culture medium. Clutters
were maintained for 2 weeks prior to being used in these experiments. Different concentrations of
insulin (0, 1, 3 nM) and glucose (0, 3, 30 mM) were used in media without penicillin and with

2 500 uM penicillin. Penicillin decreased the viability of astroglial cell seriously. The highest cell
viability appeared in medium with 3 nM insulin and 3 mM glucose but without penicillin. However, in
medium with penicillin, the best cell survival was in medium with 1 nM insulin but without glucose.
We concluded that insulin and glucose show protective effects on the damage induced by penicillin
to primer astroglial cell line. Interestingly, cell survival depends on concentrations of insulin and
glucose strongly. The results of this study will help to explain cerebrovascular pathologies parallel to
insulin and glucose conditions of patient after intracranial injuries.
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Research Highlights

(1) Astrocytes are the only cells with insulin receptors in the brain. Penicillin may cause neuronal
degeneration.

(2) Penicillin decreased the viability of astroglial cell seriously. Insulin and glucose seemed to be
protective against the damage induced by penicillin on the primer astrocyte cell line.
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GABA, gamma aminobutyric acid
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INTRODUCTION

Astrocytes, also known collectively as astroglia, are
characteristic star-shaped glial cells in the brain and
spinal cord. They perform many functions, including
biochemical support of endothelial cells that form the
blood-brain barrier, provision of nutrients to the nervous
tissue, maintenance of extracellular ion balance, and
repair and scarring process of the brain and spinal cord
following traumatic injuries. Furthermore, astrocytes
express plasma membrane transporters such as
glutamate transporters for several neurotransmitters,
including glutamate, ATP, and gamma aminobutyric acid
(GABA). More recently, astrocytes were shown to
release glutamate or ATP in a vesicular Ca®*-dependent
manner®. On the other hand, the common antibiotic
penicillin is a chemical convulsant *®.. It causes neuronal
degeneration and neuronal loss'®” by decreasing the
GABAergic action', increasing excitatory glutamatergic
neurotransmission', or activating the Ca?* and Na*
conduction in ion channels™. It is commonly beleived
that glutamate excitotoxicity relates to neuronal
stress!'®*? Also it has been known that extracellular
glutamate level rises in a glucose-free condition?.
Glucose metabolism is selective because of
phosphofructokinase activity difference in different brain
areas™. Insulin has a double-edged effect on the
neuronal cell death dependent on glucose
concentration, and that the CA1 and the dentate gyrus
have a different sensitivity to insulin in terms of cell
survival®®. The relationship between the
penicillin-induced astrocyte death and the protective
effect of different insulin-glucose concentrations has to
be studied. The information is crucial to explain
complex mechanism of neuronal pathologies and
treatment. Thus, this study was designed to evaluate
the relationship between penicillin-induced astrocyte
death and suitable concentration of glucose and insulin
for increasing the astrocyte viability on astroglial cell
culture. This may also allow us to determine the suitable
glucose and insulin concentrations for the best
astrocyte viability.

RESULTS

Astrocyte cell line without penicillin

In insulin free composition (A), cell viability decreased
significantly as the glucose concentrations increased

(P < 0.05). Whereas in 1 nM insulin composition (B), cell
viability was the best in 3 mM glucose (P < 0.05). Among
all groups, the best result for cell viability was 3 nM
insulin (C) and 3 mM glucose (Table 1).
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Table 1 Insulin and glucose concentrations used in the
experiment
Mean
Group (Cell viability) S°M
A Insulin free
Glucose free 16 000 000 1103448
3 mM glucose 13 000000 896 551
30 mM glucose 5500000 379310
B 1 nM insulin
Glucose free 12 000 000 827 586
3 mM glucose 17 000 000 1172414
30 mM glucose 6800 000 468 965
© 3 nMinsulin
Glucose free 10 000 000 689 655
3 mM glucose 19 000 000 1 310345
30 mM glucose 8 100 000 558 620
D 2 500 pM penicillin + insulin free
Glucose free 9 700 668 97
3 mM glucose 41000 282759
30 mM glucose 35000 241379
E 2 500 pM penicillin + 1 nM insulin
Glucose free 83000 572414
3 mM glucose 51000 351724
30 mM glucose 37000 255172
F 2 500 pM penicillin + 3 nM insulin
Glucose free 62 000 427586
3 mM glucose 39000 2689 66
30 mM glucose 45000 310345
SEM: Standard error mean statistically. Penicillin has serious death
effect on astroglial cells (P < 0.05). But, glucose and insulin at
different concentrations had different effects on astroglial cell viabil-
ity against cell death (P < 0.05).

Astrocyte cell line with 2 500 pM (500 IU) penicillin

In insulin free composition (D), decreased cell viability
due to penicillin (P < 0.05) seemed to be compensated
by glucose. Glucose levels correlated with increased
viability (P < 0.05). In the 1 nM insulin group (E), viability
was the best in the absence of glucose. Controversial to
group D, increased glucose levels depressed the viability
in groups E and F.

DISCUSSION

In this study, the effects of different insulin and glucose
concentrations on the astrocyte death induced by
penicillin were examined. Previously penicillin was
frequently used for experimental epilepsy!®. The
amount of penicillin is important in an epilepsy model. It
means that higher penicillin dose causes higher number
of hippocampal pyramidal neuronal loss in the
intracortical penicillin rat model™®. It seems to be the
same in neuronal cell culture. At least 100-5 000 uM
penicillin is required to block GABA™". So, we used

2 500 uM (500 1U) of penicillin concentration to cause a
damage in astrocyte cell culture.

GABAergic action is important in astrocyte cell death®.
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Increased excitatory glutamatergic neurotransmission,
activated Ca®* and Na* conduction in ion channels may
also be the mechanisms of astrocyte cell death!" ™.
Astrocytes propagate intercellular Ca** waves over long
distances in response to stimulation, and, similar to
neurons, release transmitters (called gliotransmitters) in
a Ca’*-dependent manner. Data suggest that astrocytes
also signal to neurons through Ca®*-dependent release
of glutamate™®. Calcium elevations are the primary
known axis of activation in astrocytes, and are necessary
and sufficient for some types of astrocytic glutamate
release™®?,

Recent researches indicate that astrocyte is the tight
junctions and basal lamina of the cerebral endothelial
cells that play the most substantial role in maintaining the
barrier?* %, Astrocytes express potassium channels at a
high density. When neurons are active, they release
potassium, increasing the local extracellular
concentration. Because astrocytes are highly permeable
to potassium, they rapidly clear the excess accumulation
in the extracellular space. If this function is interfered, the
extracellular concentration of potassium will rise, leading
to neuronal depolarization. Abnormal accumulation of
extracellular potassium is well known to result in epileptic
neuronal activity'*!,

In the hippocampus, astrocytes suppress synaptic
transmission by releasing ATP, which is hydrolyzed by
ectonucleotidases to yield adenosine®?®, Astrocytes
may serve as intermediaries in neuronal regulation of
blood flow?”). Electrical activity in neurons causes them
to release ATP, which serves as an important stimulus for
myelin to form. This suggests that astrocytes have an
executive-coordinating role in the brain?®.

Furthermore, studies are underway to determine whether
astroglia plays an instrumental role in depression, based
on the link between diabetes and depression. Altered
central nervous system glucose metabolism is seen in
both conditions, and the astroglial cells are the only cells
with insulin receptors in the brain. They may have a role in
regulating the response of the hypothalamus to glucose®.
The results of this study will help to explain
cerebrovascular pathologies parallel to insulin and
glucose conditions of patient after intracranial injuries.
Head injury is one of the major causes of trauma-related
morbidity and mortality in all age groups all over the
world. Despite a better understanding of the
pathophysiological processes following traumatic brain
injury and a wealth of research, there is currently no
specific treatment. Within critical care, the importance of
controlling blood glucose is becoming clearer, along with
the potential beneficial effects of hyperoxia®>®.
Peripheral nerve axotomy in adult mice elicits a complex
response that includes increased glucose uptake in
regenerating nerve cells. This work analyses the

expression of the neuronal glucose transporters GLUTS3,
GLUT4 and GLUTS in the facial nucleus of adult mice
during the first days after facial nerve axotomy. The
current results are also very important related to glucose
level in penumbra®. Glycemic control in the treatment of
patients with stroke, international guidelines recommend
treating this subset of critically ill patients for
hyperglycemia in the hospital setting. This treatment
regime is, however, particularly challenging in patients
with stroke, and is associated with an increased risk of
the patient developing hypoglycemia®®”. There is an
ongoing discussion as to which treatment algorithm, if
any, provides the most effective prospective
intervention®®. Acute brain ischemia is a dynamic
process susceptible to multiple modulating factors, such
as blood glucose level. During acute ischemic brain injury,
hyperglycemia exacerbates multiple deleterious
derangements. Timely and sufficient correction of
hyperglycemia during acute brain ischemia may limit the
brain injury and improve clinical outcomes®?. As
discussion above, the effects of glucose and insulin level
are important in neuronal case, but discussion is ongoing
about them™?!.

Epilepsies are common, with a major genetic
contribution to etiology. But a complete understanding

of precipitation is lacking. Reid at al “!investigated that
if lowering blood glucose increases spike-wave activity
in mouse models with varying seizure susceptibility.
They concluded that low blood glucose can precipitate
seizures in genetically predisposed animal models and
should be considered as a potential environmental risk
factor in patients with absence epilepsy.

Astrocytes detect neuronal activity and can release
chemical transmitters, which in turn control synaptic
activity. The astroglial cell-specific glutamate transporter
subtype 2 (excitatory amino acid transporter 2, GLT1)
plays an important role in excitotoxicity that develops
after damage to the central nervous system is incurred?.
Our results suggest that insulin may modulate the
expression of astrocytic excitatory amino acid transporter
2, which might play a role in reactive astrocytes after
penicillin-induced injuries. Insulin enters the brain across
the blood-brain barrier by a receptor-mediated transport
system™*3,

Conclusion

It was clear that penicillin had serious death effect on
astroglial cells. Glucose and insulin at different
concentrations had different effects on astroglial cell
viability against cell death induced by penicillin. This
situation might be up to the different mechanism of the
astroglial cells related to the brain. Then, it might help to
explain central nervous system disorders parallel to
insulin and glucose conditions.
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MATERIALS AND METHODS

Design

A randomized and controlled isolated cell culture study to
determine the effect of insulin and glucose at different
concentrations on cell death induced by penicillin.

Time and setting
This study was performed at Pamukkale University,
School of Medicine between February and August 2011.

Materials

Primary astrocytes were derived from 1 to 5 days
postnatal Sprague-Dawley rats. Briefly, cerebral cortices
were dissected out. After removal of the meninges and
blood vessels, the cerebral cortices were collected and
minced with scalpel in a solution containing 20 pug/mL
DNase and 0.3% bovine serum albumin in Hanks
balanced PBS.

Methods

The tissues were centrifuged and incubated in 0.25%
trypsin/EDTA solution for 30 minutes at 37°C.The
suspension was filtered through a 70 ym nylon filter,
pelleted by centrifugation to remove trypsin, and then
suspended in 10% (v/v) fetal bovine serum in Dulbecco’s
modified Eagle’s medium/F12 containing penicillin and
streptomycin antibiotic mixture. And transferred to culture
flasks and maintained at 37°C, 5% CO, and 90% relative
humidity. When cells reached confluence, flasks were
gently shaken to remove microglia and oligodendrocytes.
After shaking, cells were rinsed three times with Hanks
balanced PBS and then trypsinized, then pat flasks firmly
to loosen cells. Take the medium and put it a new flasks
and add the astrosite culture media (Dulbecco’s modified
Eagle’s medium with F12, 15% fetal bovine serum,
L-glutamine and 500 ng/mL insulin). Astrosit cells were
cultured in the astrosit medium until they were confluent
(Figure 1). The cells were tyripsinized and counted for
experiments.

Figure 1 Astrocyte cell line cultured in the astrosit
medium (light microscope).

(A) Astrocyte cell line without penicillin, and black arrows
indicate the astrocytes (x 400).

(B) Astrocyte cell line with 2 500 pM penicillin, and black
arrows indicate the astrocytes (x 1 000).
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Statistical analysis

Values were expressed as mean + SEM from 18
independent experiments. The statistical significance
was established by analysis of variance followed by a
post-hoc test, and then the non-paired t test was
employed using StatView software (Abacus concepts,
Berkeley, CA, USA). P < 0.05 was considered to be
statistically significant.

Author contributions: All authors participated in concept
design and were in charge of study implementation.
Conflicts of interest: None declared.
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