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Evaluating the potential of methylphenidate and amphetamine acute
exposure to promote neurite outgrowth and synaptogenesis in
differentiated SH-SY5Y neuronal cells +

Stroke and traumatic brain What if? Methylphenidate (MPH)

injury are neurological and Amphetamine (AMPH)
diseases without an increase monoamine

approved treatment for levels on the synaptic
neural repair. cleft.

OO L No cytotoxicity at low
N 24 concentrations (0.001, 0.01, 0.1,

N ﬂ 1 and 10 uM).
Methylphenidate /——> MPH and AMPH evoked no
NH, alterations of synaptophysin,
Q\)\ SH-SYSY cells GAP43 and PSD95 levels at low
Amphetamine concentrations (0.01 and 0.1

uM).

e MPH and AMPH promoted no
Conclusion neurite outgrowth  at low
concentrations (0.01 and 0.1

Twenty-four hours exposure to MPH uM).

and AMPH did not evoke neurite S
outgrowth in SH-SY5Y cells. oo 2 F
Control 4 )
ariana Ferreira* gmai arisa
0 en rough

Paulo Capela* (joa

ecnologia (FCT), I.P., in the scope of the project “EXPL/MED-FAR/0203/2021"

Conference on Medicinal Chemis
01-30 NOVEMBER 2022 | ONLINE

ecmc The 8th International Electronic
try <))>




Abstract: Methylphenidate (MPH) and amphetamine (AMPH) increase monoamine levels in
the synaptic cleft, due to their properties and similarities to monoamine neurotransmitters.
Stroke and traumatic brain injury, common neurological diseases, affect millions of people every
year. Their treatment mainly focuses on the focal point and symptoms, lacking on the curative
measures and neural repair. In in vitro and in vivo models, MPH and AMPH showed to promote
neuronal recovery following injury through neurite outgrowth.

Thus, this study evaluated the neurite outgrowth and synaptogenesis promoted by clinical
relevant concentrations of MPH and AMPH in a neuronal human model, differentiated SH-SY5Y.
The cells were exposed to 0.001, 0.01, 0.1, 1 and 10uM of drugs for 24h. Our results revealed
that after 24h, MPH and AMPH were not cytotoxic to differentiated SH-SY5Y, by either the MTT
reduction or the NR uptake assays. Also, the concentrations of 0.1 and 0.01uM did not affect the
expression of synaptophysin, PSD95 and GAP43 evaluated by Western blotting. Moreover, neurite
outgrowth was evaluated in microphotographs resourcing to the Neuron) software and no
enhancement of neurite outgrowth in differentiated SH-SY5Y cells was promoted by MPH or
AMPH at the concentrations of 0.1 and 0.01uM.

As far as we know, this is the first study evaluating the effect of clinical relevant concentrations
of MPH and AMPH in a paradigm of acute exposure to neuronal SH-SY5Y cells, being the starting
point to our strategy to understand the possible effects of MPH and AMPH on the improvement
of neural network.
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Stroke Traumatic Brain Injury
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12 200 000.... 69 000 000....
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Stroke Traumatic Brain Injury

4+
12 200 000.... 69 000 000....

* Cut-off of the blood supply to a part of the * Alteration in brain function, or other
brain. evidence of brain pathology, caused by an
external force.
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Stroke Traumatic Brain Injury

4+
12 200 000.... 69 000 000....

* Cut-off of the blood supply to a part of the * Alteration in brain function, or other
brain. evidence of brain pathology, caused by an
external force.

* Both are in an urgent need of a consistent and effective
treatment for the neural repair after injury. /
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Methylphenidate Amphetamine .

* Methylphenidate is a “Blocker”: *  Amphetamine is a “Releaser”:
Inhibition of the monoamines transporter. Inhibition of the monoamines transporter
J and vesicular monoamine transporter 2, and
4> Synaptic monoamines levels. promotion of reverse transporter activity.
N

T Presynaptic monoamines release.
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Methylphenidate Amphetamine

+

* Promotes mostly short-term * Promotes improvement in cognitive
improvements in  attention, vigilance, control, enhances sociability, and induces
working memory, speed of processing, euphoria, speed up reaction times, increase
verbal and visual learning and memory, wakefulness, muscle strength, and reduces
reasoning, and problem-solving. fatigue.

* Both are used in the treatment of attention deficit hyperactivity disorder, but also in
narcolepsy and other disorders.
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Aims
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This study aimed to investigate the usefulness of MPH and

AMPH in clinically relevant concentrations in a paradigm
involving the exposure to these drugs in a neuronal human
SH-SY5Y cell model for 24 hours, in order to evaluate the
possible alterations regarding neurite outgrowth and

synaptogenesis.
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Methodology
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Both methylphenidate and amphetamine were not cytotoxic to
differentiated SH-SY5Y cells when compared to the control group +

Table 1 — Mitochondrial and lysosomal dysfunction evaluated by the MTT reduction assay and the NR uptake assay in
differentiated SH-SY5Y cells (6 250 cells/cm?) incubated with MPH (10, 1, 0.1, 0.01, or 0.001 uM) or AMPH (10, 1, 0.1, 0.01 or
0.001 puM) for 24 hours. Results are from 6 independent experiments (total of 24 wells/condition). Statistical analyses were
performed using the ANOVA test, followed by Tukey's post hoc test, and the Krustal-Wallis test, followed by Dunn's post hoc test.
(MPH — Methylphenidate; AMPH — Amphetamine).

0.001 pM 0.01 pM 0.1 um 1um 10 pM
Methylphenidate = = = = =
MTT reduction assay

(% of control)
Amphetamine = = = = =
Methylphenidate = = = = =

NR uptake assay

(% of control)

Amphetamine = = = = =
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Neither methylphenidate nor amphetamine induced alterations in
protein markers of synaptic plasticity and neurite outgrowth +

Table 2 — Synaptophysin (34 kDa), PSD95 (95 kDa), and GAP43 (43 kDa) expression in SH-SY5Y cells (25 000 cells/cm2) evaluated
by Western blotting after 24 hours of exposure to MPH (0.1 or 0.01 uM) or AMPH (0.1 or 0.01 uM). Values were obtained from 6
independent experiments from each treatment group. Results were normalized by the expression of GAPDH (37 kDa) or a-
Tubulin (50 kDa) depending on the respective molecular weight, and also normalized by the control samples of each membrane.

Statistical analyses were performed using the ANOVA test, followed by Tukey's post hoc test. (MPH — Methylphenidate; AMPH —
Amphetamine).

GAP43 PSD95 Synaptophysin
0.001 uM = = =
Methylphenidate
0.01 uM
0.001 uM
Amphetamine
0.01 uM = = =
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Methylphenidate and amphetamine did not promote neurite outgrowth
in acute exposure of 24 hours to SH-SY5Y cells +

Figure 1 — Neurite outgrowth representative microphotographs in differentiated SH-SY5Y cells (6 250 cells/cm?2) after 24 hours of
exposure to Control (A), MPH 0.1 uM (B), MPH 0.01 uM (C), AMPH 0.1 (D) and AMPH 0.01 uM (E). Results were obtained from 4
independent experiments from each treatment group. Statistical analyses were performed using the ANOVA test, followed by
Tukey's post hoc test, except in the number of cells parameter in which the Krustal-Wallis test was performed, followed by the
Dunn’s post hoc test. (MPH — Methylphenidate; AMPH — Amphetamine).
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Conclusions

+

* No cytotoxicity at low concentrations (0.001, 0.01, 0.1, 1 and 10 uM).

*  MPH and AMPH evoked no changes on the contente of synaptophysin, GAP43 and
PSD95 at low concentrations (0.01 and 0.1 pM).

* MPH and AMPH did not promote neurite outgrowth at low concentrations (0.01
and 0.1 pM).

-\’ )-The starting point to our strategy to
understand the possible effects of MPH and
AMPH on neural repair.
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Thanks for your attention!

+
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