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THE SYNERGY OF ANTIEPILEPTIC ACTION OF COMBINED USAGE OF
NEURO-VASCULAR MODULATORS WITH A WIDE SPECTRUM OF
EFFECTS UPON NEURONAL TISSUE
Poshyvak O. B., Pinyazhko O. R.', Abumutair Sh. N.', Pervak M. P.%,
Yehorenko O. S.?, Godlevsky L. S.?

"Danylo Halytsky Lviv National Medical University, Lviv, Ukraine
’Odesa National Medical University, Odesa, Ukraine
olesya.poshyvak@gmail.com

Introduction. Today, about 70 million people worldwide suffer from epilepsy.
In Ukraine, the prevalence of epilepsy is about 2.5 - 4.5 per 1000. Despite the
emergence of new, more effective antiepileptic drugs (AEDs), 30% of patients are
insensitive to AEDs. Pharmacological resistance (AED insensitivity) is defined as the
inability to prescribe (sequential or combined) two antiepileptic drugs in adequate
doses to eliminate the manifestations of epilepsy. Solving pharmacological resistance
requires the rapid development of new antiepileptic drugs and the definition of new
strategic approaches to its treatment.

Considering the discovery of antiseizure activity of neuromodulators, such as
inhibitors of tyrosine kinase B, blockers of mTOR, agonists of PPAR-y and
minocycline the actuality of neuronal-vascular unit (NVU) as a main target for AEDs
raised last time. Such growing interest to mentioned drugs is explained by not-
classical mechanisms of antiepileptic action, which they cause. Thus, affection of
GABA and glutamatergic systems are not on the first place in their neurotropic
spectrum of effects.

The clinical perspective of rapamycin receptor (mMTOR) agonists has been
established. In nervous tissue, mTOR regulates fundamental biological processes
associated with neuronal development and degeneration, and mutations in genes
encoding receptor proteins cause epilepsy. Thus, blocker of mTOR — rapamycin was
used which is able to suppress neoangiogenesis. Besides, one of the key mechanisms
for developing chronic resistant forms of epilepsy is the activation of microglia as a
leading component of neuroinflammation. Minocycline is a tetracycline antibiotic
that prevents such activation, reduces the content of proinflammatory cytokines
(TNF-alpha, IL-1-beta), has antiepileptic properties. The use of minocycline in
patients with hemorrhagic stroke prevents an increase in the activity of MMP-9,
which indirectly induces neoangiogenesis through VEGF. The role of receptors
activated by peroxisome proliferator (PPARY) in the occurrence of anticonvulsant
effects of the structures of the antiepileptic system of the brain has been proven. It
can be assumed that PPARY agonists inhibit epileptic activity. It should also be noted
that PPARY agonists prevent the development of neoangiogenesis.

Aim of the investigation. To investigate effects of combined administration of
rapamycin — blocker of mTOR, pioglitazone — agonist of PPAR-gamma, and
minocycline hydrochloride — inhibitor of microglia upon acute seizures in mice.

Material and methods of investigation. Experiments were performed on
male C57BL/6 mice with body weight of 18-22 g. Animals were kept in standard
conditions (constant temperature 23°C, relative humidity 60%, 12 h dark/light cycles;
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standard diet and tap water were given ad libitum) and were acclimatized to
laboratory conditions at least seven days before the experiment. All experiments were
carried out following the National Institutes of Health Guidelines for the care and use
of laboratory animals and the European Council Directive on 24 November 1986 for
Care and Use of Laboratory Animals (86/609/EEC). The experiments were approved
by the Odesa National Medical University Bioethics Committee (UBC) (approval No.
3 dated 14/03/2018) before the study.

The number of prevented from generalized cloned-tonic fits C57BL/6 after
pentylenetetrazol (PTZ, 70.0 mg/kg, i.p., (Sigma Aldrich, St. Louis, MO, USA) was
the criteria of antiseizure action effectiveness. Compounds — rapamycin (Pfizer,
USA) administered in dosages of 0.3; 1.0; 3.0; 10.0 mg/kg, minocycline (Aurobindo
Pharma, India) (10.0; 30.0; 90.0; 270.0 mg/kg) and pioglitazone (Lilly S.A., Spain)
(3.0; 10.0; 50.0;150.0). Drugs were dissolved in DMSO and administered
intraperitoneally daily for one week before testing with PTZ. Control rats were
treated with DMSO. Data were analyzed using the Synergy Finder web application
(version 2.0) (https://synergyfinder.fimm.fi/synergy/). Results gained as summary
synergy scores were interpreted as the average excess response due to drug
interactions (i.e., synergy score of 15 corresponds to 15% of response beyond
expectation). Hence, when synergy score was larger than ten, the interaction between
drugs is likely to be synergistic. A similar threshold was applied to the most
synergistic area score, which represents the most synergistic 3-by-3 dose-window in a
dose-response matrix.

Results and discussion. Gained results revealed that the highest dosage of
rapamycin (3.0 mg/kg) prevented generalized seizure fits in 40% of mice, while
minocycline (270 mg/kg) and pioglitazone (150.0 mg/kg) prevented fits in 72.7% and
30.0% animals correspondently. Complete abolishment of seizure fits was observed
under the condition of treatment with rapamycin, minocycline, and pioglitazone in
dosages of 1.0 mg/kg, 90.0 mg/kg, and 10.0 mg/kg correspondently.

Bliss Synergy score was 19.041 and favored the presence of the synergy
between combined administration of investigated compounds. Meanwhile, the value
of the score did not achieve the synergy threshold for the combination of rapamycin
with minocycline.

Hence, gained data revealed the strengthening of seizure protective action of
investigated compounds against PTZ-generalized seizures. Minocycline reduced
effectiveness to the synergy might be explained by less contribution from microglia
to acute seizures development. A clear synergy with minocycline is expected on
chronic models of epilepsy. Considering discovering antiseizure action of
neuromodulators, which are not “classically” based on the strengthening GABAergic
inhibition and blockade of excitatory aminoacid system, the conception on NVU
became actual and actuality increase in the course of raising the number of such
compounds. Against the background of epilepsy of the brain, the functional elements
of NVU are combined into a single pathogenic structure based on mutual potentiation
of pathogenic effects of individual cells, which manifests itself in the formation of
perivascular inflammation, stimulation of angiogenesis, and neurons epileptization.
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Moreover, only neurons are excitatory cells. At the same time, each of these NVU
cell types may be a target of neuromodulators and AEDs.

Conclusions and perspectives. Gained data favor of combined treatment with
rapamycin, pioglitazone, and minocycline engender the synergistic antiseizure effect.
Future research aims to study the nature of the interaction of NVU modulators and
determine the most practical combination of drugs in relation to the prevention and
cessation of epileptiform seizures.

Funding: Research were supported by the Ministry of Health Care of Ukraine
(grant NO121U114510).
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