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Abstract: Background: Antibiotic therapies targeting multiple regenerative mechanisms have the
potential for neuroprotective effects, but the diversity of experimental strategies and analyses of
non-standardised therapeutic trials are challenging. In this respect, there are no cases of successful
clinical application of such candidate molecules when it comes to human patients.

Methods: After 24 hours of culturing, three different minocycline (Sigma-Aldrich, M9511, Ger-
many) concentrations (I puM, 10 uM and 100 uM) were added to the primary cortical neurons 15
minutes before laser axotomy procedure in order to observe protective effect of minocycline in
these dosages.
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Accepted: February 16,2019 Results: Here, we have shown that minocycline exerted a significant neuroprotective effect at 1 and
100uM doses. Beyond confirming the neuroprotective effect of minocycline in a more standardised
bor: and advanced in-vitro trauma model, our findings could have important implications for future stud-
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ies that concentrate on the translational block between animal and human studies.
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Conclusion: Such sophisticated approaches might also help to conquer the influence of human-
made variabilities in critical experimental injury models. To the best of our knowledge, this is the
first study showing that minocycline increases in-vitro neuronal cell survival after laser-axotomy.

1. INTRODUCTION

Axotomy often initiates alterations in the cytology of
nerve cells, changes in specific gene expression, transport of
some neurotrophins and, degeneration of neurons. This proc-
ess is induced retrogradely by depriving these cells of target-
derived trophic support that finally lead to neuronal cell
death. It has been already shown that the evolution of ab-
normalities in neurons depends on several factors. These
include the type of axotomized neurons, location of cell body
lesion, and the intensity of injury [1]. Some studies have
even recognized significant post-lesional differences after
axotomy in specific neuronal cell types indicating that there
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is a variability in implementation of the severity of trauma
that depends on the different type, severity and location of
the lesion [1]. Accordingly, studies have already indicated
that differences in the Central Nervous System (CNS) injury
(such as dissection and acceleration) might cause a wide
range of clinical complexity [2]. Several types of in-vitro
damage methods in nervous tissue elements have been
shown in controlled culture conditions. In this context, there
have been many tool and techniques (i.e., different mechani-
cal impactors and stretchers) to induce the in-vitro neuronal
injury. However, these techniques did not offer enough stan-
dardization for the applied trauma and failed to mimic direct
mechanical damage on neuronal axons [2]. These findings
together suggested the importance of conducting well-
designed and highly controlled experimental studies to
evaluate the pathophysiological changes of damaged neu-
ronal cells. These novel experimental approaches would also
provide real-time monitoring of the ongoing biomechanical
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parameters. In the light of these findings, automatized con-
trolled dissection of the culture of cortical cells might serve
as a suitable trauma model to determine the mechanical
damage of neurons with high accuracy and low-variability
[3]. Considering all the evidences, it can be hypothesized
that enhanced trauma models combined with feasible candi-
date neuroprotective agents could be beneficial to overcome
sampling variation and human-made errors. Laser beam
axotomy is a feasible standardized trauma method for neuro-
scientists to evaluate the neuroprotective outcomes [2]. This
method serves as a precise control of laser parameters for
modulating the intensity of axonal damage (i.e., total or lo-
calised axotomy damage), through very small scales (i.e.,
micro or nanoseconds). Making such standardized in-vitro
brain trauma models readily available might open up a new
window for understanding the pathophysiological role of
individual axons in the CNS injury [4]. Minocycline is a
potential candidate neuroprotective agent with its long half-
life and well documented gastrointestinal tract absorption.
Studies have already shown that minocycline also posseses a
high lipophilic ability which is responsible for its high
blood-brain barrier penetration [5]. The underlying mecha-
nisms of the neuroprotective role of minocycline include the
inhibition of microglial activity and the induction of anti-
apoptotic cascades [5].

TBI and spinal cord injury have both been defined with a
prominent diffuse axonal injury that is related to either ac-
celeration/deceleration trauma or whiplash injury [6]. Glau-
coma, is another progressive disease that involves secondary
degeneration of RGCs that is due to the damage of optic
nerve axons [7].

In our present study, we aimed to evaluate the neuropro-
tective role of minocycline (1pM, 10uM and 100puM) in an
in-vitro model of cortical culture (Figs. 1-3) after laser-
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induced axonal damage. We assessed the neuronal cell sur-
vival /vitality rate via propidium iodide staining which is a
critical marker for neuroregenerative response. Here, we also
aimed to test if laser-induced axonal damage is an accurate,
feasible and easy model to imitate the mechanical damage of
neurons with cultured Cortical Neurons (CNs).

2. MATERIALS AND METHODS

In this study 20 neonatal (P0-P1) Balb-C male mice were
used and the study has been approved by the Ethical Com-
mittee of Experimental Animals of Istanbul Medipol Univer-
sity (38828770-604.0101-E.35856).

Inclusion criteria: The predilection toward using only
male mice is often based on that male mice are larger that
can offer an easier target for manipulating (such as surgery
for preparing for cell culture). It should also be noted that
they do not have estrous cycles that can lead to significant
variability in the pharmacology. Furthermore, there is a
larger body of literature and data sets for male mice on
which a reliable comparative data can be built.

2.1. Primary Cortical Neuron Culturing

Neonatal mice were decapitated under 4% isofluorane
anesthesia, cortical layer was taken carefully and meninges
were removed. The dissection procedure was performed in
ice-cold Leibovitz’s Medium (L15) (Sigma-Aldrich, L5520,
Germany) containing 2 mM glutamax (Gibco, 35050061,
USA), 100 U/100 pg penicillin/streptomycin, 250 ng ampho-
tericine (Sigma-Aldrich, A5955, Germany), 2% (v/v) B-27
(Gibco, 1750444, USA). Briefly, dissected cortex was
minced into small pieces and then collected in Leibovitz’s
Medium (L15) (Sigma-Aldrich, L5520, Germany) contain-
ing 2 mM glutamax (Gibco, 35050061, USA), 100 U/100 ug
penicillin/streptomycin, 250 ng amphotericine (Sigma-
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Fig. (1). Minocycline at concentrations of 1 and 100uM significantly increased the number of surviving axotomized cortical neurons as com-
pared to the axotomized-only group. *P<0.05. Data are given as mean + SD.
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Fig. (2). Laser axotomy administration to cortical cultures resulted in a reduction of surviving cortical neurons to approximately 80.43% of
control values. Minocycline at concentrations of 1 and 100uM significantly increased the number of surviving axotomized cortical neurons
as compared to the axotomized-only group (122.2% and 99.5% of axotomized values, respectively). *P<0.05. Data are given as mean + SD.

Fig. (3). For axotomy a laser pulse energy was applied in a significant distance of the point from the cell body. Please see the red arrowhead.

Aldrich, A5955, Germany), 2% (v/v) B-27 (Gibco, 1750444,
USA). 6 U/ml papain (Sigma-Aldrich, P4762, Germany) and
50 pg/ml DNasel (Sigma-Aldrich, D4513, Germany) were
also added and it was incubated at +4°C for 45 minutes for
digestion. After incubation the tissue was gently triturated by
pasteur pipette and the sample was centrifuged at 800 rpm
for 3 minutes at +4°C. After discarding the supernatant, the
pellet was resuspended in Leibovitz’s Medium (L15)
(Sigma-Aldrich, L5520, Germany) containing 10% (v/v)
fetal bovine serum (FBS) (Thermo Fisher Scientific,
10500064, USA), 2 mM glutamax (Gibco, 35050061, USA),
100 U/100 pg penicillin/streptomycin, 250 ng amphotericine
(Sigma-Aldrich, A5955, Germany), 2% (v/v) B-27 (Gibco,
1750444, USA) and was incubated at room temperature for
10 minutes. After incubation, it was re-centrifuged at 800
rpm for 3 minutes at +4°C and supernatant was discarded.
Pelleted cells were resuspended in Neurobasal A medium
(Gibco, 10888022, USA) containing 2 mM glutamax (Gibco,
35050061, USA), 100 U/100 pg penicillin/streptomycin, 250
ng amphotericine (Sigma-Aldrich, A5955, Germany), 2%
(v/v) B-27 (Gibco, 1750444, USA).

Neurons were cultured on poly-L-lysine (Sigma-Aldrich,
P6282, Germany) coated glass-bottomed 35 mm petri dishes
and incubated in a cell culture incubator with 5% CO, at
37°C. After 24 hours incubation, imaging was performed under
Primo Vert invert microscop (Zeiss Technologies, Germany)
with 20X objective. Cells were seeded into 35 mm petri
dishes at a density of 25x10° cells for cell viability experi-
ments. Each experiment was repeated at least three times.

2.2. Minocycline Application

After 24 hours of culturing, three different minocycline
(Sigma-Aldrich, M9511, Germany) concentrations (1 uM,
10 uM and 100 puM) were added to the primary cortical neu-
rons 15 minutes before laser axotomy procedure in order to
observe protective effect of minocycline in these dosages.

2.3. Laser Axotomy

In order to cut the axons of cultured primary cortical neu-
rons, PALM Combisystem Microdissection microscobe (Zeiss
Technologies, Germany) was used. For axotomy a laser
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pulse at 337 nm with a 300 1J energy was applied and the
application point was chosen in such a way that the distance
of the point from the cell body should be at least two times
greater than the diameter of the cell soma (Fig. 3). For each
experimental group, ten different areas from each petri dish
were chosen randomly and thirty neurons were axotomized.

After laser axotomy, cortical neurons were placed into
cell culture incubator with 5% CO, at 37°C for 24 hours.

2.4. Cell Viability Assay

After 24 hours of incubation of axotomized cells,
Propidium Iodide (PI) (Sigma-Aldrich, P4170, Germany), a
nuclear dye labeling only dead cells with red fluorescence,
was used to distinguish the axotomized dead cells from
axotomized viable cells. Cells were treated with PI at 7.5 uM
concentration and the number of dead and live cells were
counted using PALM Combisystem Microdissection
microscobe (Zeiss Technologies, Germany). Numbers of PI-
positive dead cells were counted from chosen areas at each
petri dish as mentioned above.

2.5. Statistical Analysis

The cell viability data were statistically evaluated by us-
ing one-way ANOVA test in SPSS (version 18, IBM, USA)
and p values less than 0.05 are considered significant. All
values are given as mean = SD.

3. RESULTS

Treatment of cortical cultures with minocycline affected
the survival of cortical neurons in a statistically significant
manner as compared to the non-minocycline-treated group
(Figs. 1 and 2). Most importantly, no toxic effect of mino-
cycline was noted up to a final concentration of 100 uM
(Figs. 1 and 2). Laser axotomy administration to cortical
cultures resulted in a reduction of surviving cortical neurons
to approximately 80.43% of control values.

Minocycline at concentrations of 1 and 100uM signifi-
cantly increased the number of surviving axotomized cortical
neurons as compared to the axotomized-only group (122.2%
and 99.5% of axotomized values, respectively) (Figs. 1 and 2).

4. DISCUSSION

The primary aim of the study was to evaluate whether
laser-induced axotomy is a reliable and standardized in-vitro
injury model to assess the neuroprotective effect of mino-
cycline. To clarify this, we have identified injured neurons
by defining the cytostructural changes after 24 hours. Our
present model allowed us to assess the direct effect of the
minocycline through excluding the influence of other ex-
perimental parameters on neurons (i.e. inflammation and
hypoxia). In the present study, we have assessed only the cell
vitality which can be considered as a weakness of our study.
However, our main aim was to conduct a preliminary study
and collect the most reliable data regarding the role of the
laser-axotomy model in evaluating the neuroprotective effect
of candidate neuroprotective antibiotics. To the best of our
knowledge, this is the first study showing that minocycline
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increases in-vitro neuronal cell survival after laser-axotomy.
After considering previous evidence showing that secondary
neuronal cell death occurs within the 24 h after axotomy
injury [3], it is not unreasonable to assume that minocycline
(1 and 100 pM) reversed laser-axotomy induced cell damage
and increased the survival of neurons within this critical time
period. We have observed that 10 uM minocycline increased
the survival of axotomized cortical neurons although this
difference was not statistically significant. It is difficult to
estimate what has caused this difference, however, one pos-
sible explanation would be that nearly every intra- or inter-
cellular mechanisms show a nonlinear character due to the
presence of complex and multi-component relationships seen
in every level of a cell or group of cells that might affect the
linear cellular response to a drug or a molecule. The neuro-
protective role of minocycline has been confirmed in various
animal models. In agreement with this, there are increasing
data suggesting that minocycline exerts strong neuroprotec-
tive effects in translational experimental models which are
relevant to human brain and spinal trauma [8-10]. For in-
stance, a recent study indicated that minocycline blocked the
neuronal cell death which was induced by optic nerve
axotomy. Taken together, these studies suggested that the
neuroprotective effect of minocycline involved the activation
of specific intracellular anti-apoptotic pathways [9, 10].

Although there are promising results in preclinical stud-
ies, the translation of these study results into human studies
are weak. In line with this, there are a small number of trans-
lational experimental studies which failed to confirm the
neuroprotective effect of minocycline.

For instance, a recent study showed that the combination
of simvastatin and minocycline failed to alter the histopa-
thological outcomes in a clinically relevant model of cervical
spinal cord injury [11]. Furthermore, minocycline exerted
differential effects on the immature brain after trauma, which
suggested that minocycline may not be an effective therapeu-
tic strategy for TBI in the immature brain [12]. Accordingly,
randomised ALS trials showed that minocycline deteriorated
the clinical outcomes [13] and minocycline was not found
sufficiently effective to improve the motor recovery after
spinal cord injury in humans [14]. This was in line with a
recent human phase II trial showing that minocycline exerted
no efficacy on the CSF markers in acute spinal cord injury
patients [15]. Also, a very recent study by Scott ef al. have
conferred that minocycline increased neurodegeneration in
brain trauma patients despite its significant inhibitory effect
on microglial activation [16].

CONCLUSION

In addition to suggesting that the minocycline exerts a
neuroprotective role in a mechanical CNS injury model, our
results also indicate that laser-axotomy is an attractive neu-
ronal mechanical injury model to study the in-vitro neuro-
protective effect of critical candidate neuroprotective drugs
in cortical cells. After considering all these controversial
data, laser-axotomy might be considered as a valuable tool
for evaluating the drug-induced neuroregenerative pathways
with a greater accuracy. Such an approach could also help us
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to overcome the translational challenges in animal and hu-
man studies.
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