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TITTLE:  New pyridothiazepines with blocking activity of the
mitochondrial sodium/calcium exchanger and their use for
applications on Nervous System Pathologies

BRIEF SUMMARY: Mitochondria are the energy-producing factory of eukaryotic
cells. In addition, they play a fundamental role in the clearance of the cytosolic Ca2+
Upon cell stimulation, mitochondria are capable of accumulating vast amounts of
Ca2+ in their matrix through the Ca2+ uniporter that uses the driving force of the
electrical potential across the mitochondrial membrane. After cell stimulation ceases,
the Ca2+ accumulated in the mitochondrial matrix is then released back into the
cytosol through antiporters like the Na+/Ca2+ exchanger (MNCX).

The Ca2+ set-point hypothesis implies that a minimal cytosolic Ca2+ level is
required to maintain neuronal viability; when this Ca2+ moves below or above this
set-point, apoptosis is rapidly induced and the death of neurons occurs. We explored
the possibility that the mitigation of the rate of mitochondrial Ca2+ efflux to the
cytosol by the mNCX blocker CGP37157 could afford neuroprotection against
neurotoxicity elicited by cell Ca2+ overload. In addition, the study of CGP37157
derivatives with blocking activity of mMNCX has been also of interest for other
pathologies, such as diabetes.

However, CGP37157 also blocks voltage-gated Na+ channels, voltage-gated Ca2+
channel, the plasmalemmal NCX, and the recently discovered channel Ca2+
homeostasis modulator 1 (CALHM1), among other targets. Given the high relevance
of the mMNCX as a potential target to develop new neuroprotective agents, among
other pathologies, we hypothesized that newly synthesized compounds to target
mNCX with more selectivity and potency could find therapeutic potential in
neurodegenerative diseases, stroke, diabetes, or any other pathologies where the
function of mNCX was compromised. We have recently reported a family of
CGP37157 derivatives, finding an improvement in the neuroprotective properties
together with an slight enhancement of the blockade of mMNCX.

Attempting to optimize the pharmacokinetic profile of potential new drugs based on
CGP37157, we paid attention to the recognized liposolubility of this type of 4,1-
benzothiazepines, what would be beneficial for crossing the blood-brain barrier, but
detrimental for a correct water solubility in a living organism. Prediction of log P
indicated that its values would be close to the highest limit upon the Lipinski’s rules
to predict drugability of chemical compounds. This fact prompted us to search for
structural alternatives to improve water solubility and reducing log P values. Hence,
we consider to replace the benzene-fused ring by pyridine, which would increase in
polarity, as well as the possibility to prepare, for instance, their hydrochloride salts.
Similar computational prediction confirmed that such a replacement to a significant
reduction in the log P to about 3.

For this reason, we have proposed the design and preparation of small-sized drugs
that block mNCX selectively, not only to develop new medicines, but also to clarify
the role of mMNCX in the physiological and pathological processes where they have
been implicated.
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These compounds showed a decent blockade of the clearance of mitochondrial
Ca2+, as well as an increase in the area-under-the-curve and maximal peak of Ca2+
into mitochondria, when Ca2+ uptake by mitochondria was induced by histamine.
Moreover, these family of compounds showed an important neuroprotective profile
against toxic models of neurodegeneration, related to Ca2+ overload and
mitochondrial dysfunction.

FEATURES AND ADVANTAGES: The patented compounds are blockers of the
mitochondrial sodium/calcium exchanger, better than the best-known CGP37157,
used since the 1980’s. They show neuroprotective profile in neurons and nerve
tissues subjected to toxic stimuli related to neurodegeneration.

THERAPY AREA: Due to the key role of the control of the cell Ca2+ levels in
neurons and other cells, these compounds can regulate the Ca2+ overload
described in several pathologies of the nervous system, such as neurodegenerative
(Alzheimer’s, Parkingson’s, Amyotrophyc Lateral Esclerosis), stroke, pain, and
epilepsy, but also in diabetes, cardiovascular diseases, etc. Moreover, due to the
lack of selectivity and potency of CGP37157 to block mNCX, the new compounds
can serve as pharmacological tools to explore the role of mNCX in physiological and
pathological processes, in a more accurate fashion than when using CGP37157

CURRENT STATE OF DEVELOPMENT: Preclinical phase (in vitro test)

PATENT STATUS: P201500509 PRIORITY DATE: 07/10/2015
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IIS del Hospital Universitario de La Princesa

Technology Transfer Office (TTO)

Tel: +34 915202476 mail: innovacioniisip.hlpr@salud.madrid.org
http://www.iis-princesa.org
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