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Bone3Hb AnbureiiMepa — HeWpogereHepaTMBHoe 3aboneBaHue, ABNAIOLLEECA OCHOBHOW MPUYMHOM JEMEHLMUM Y no-
WuUnbIX Niofen. JlekapcTea oT b6onesHu AnbureliMepa He cylectsyeT. HegaBHO 0bHapyrKeHHbIN TPaH3UTOPHBIN pelen-
TOPHbIN NOTEHLMANbHBIM KaHan KaHoHU4ecKkoro Tuna 6 (TRPC6) Yepe3 BHYTPUKIETOUHBIA CUMHAMbHBIA NYTh Peryaupyet
CTabWbHOCTb JEHOPUTHBLIX LUMMUKOB U UrpaeT posib B GOPMMPOBaHUM NaMATU. bbino 06HapyXHeHo, YTO HOKOAYH 3KC-
npeccun TRPCé npenATcTBYeT MOCTYNNEHMI0 HEMPOHANbHOrO 4eno-ynpaBiAeMoro BXOA4a KanbumA. [unepakcnpeccus
TRPCé unu ero ¢apmakonoruyeckas aKTUBaLMA BOCCTaHaBAMBaeT AeN0-ynpaBffAeMbll BXOL KafbLWA B HeMpoHax
runnokamna npv 6onesuu Anburenmepa [1, 2]. beino nokasaHo, yto runepakcnpeccua TRPC6 npefoTepallaeT notepio
rp1BOBMUAHBIX LWMMMKOB Ha MbILIMHLIX MOAensx 6onesHu AnbureiiMepa [1], a TakkKe 3alUMLLAET HEMPOHBI OT ULLEMUYe-
CKOr0 MOBpEeMAeHNA FoNOBHOro Mo3ra. Mbim, KoTopble cBepxakcnpeccupyloT TRPC6 B ronoBHOM Mo3re, [EMOHCTPU-
PYIOT yNyYLLEHUE KOTHUTUBHBIX CNOCOBHOCTEN 1 yBennyeHVe 0bpa3oBaHuA BO36YHAAIOLWMX CMHANCOB. TakuM 06pa3om,
TRPC6 saBnseTcA NepcnekTUBHOM MOJIEKYNAPHOM MULLEHBIO Af1A pa3paboTku CPeACcTB 1A NIeYeHWUA CUHANTUYECKOMN He-
A0CTaTOMHOCTU. HeaBHO Mbl MOKasanu, YTo NpOM3BOAHOE NunepasuHa, coeauHenne 51164 (N-(2-xnopdenun)-2-(4-
eHunnunepasuH-1-un)auetamMua) B3auMogencTayeT ¢ KaHanamm TRPC6, Bbi3biBaeT yBesMUYeHNe HEMPOHANbHOMO Ae-
Mno-ynpaBnAeMoro BXoda KanbLuA, yBeIMYMBAET NPOLEHT rPUOOBMAHBIX LUMMOB M BOCCTAHABAMBAET CMHANTUYECKYIO
MNACcTUYHOCTb B aMUOMOOT €HHbIX MbILIMHBLIX Moaenax 6onesuun Anbureimepa [2]. 0oHaKo JanbHeMwme UccnenoBaHus
51164 ycTaHOBMNK, YTO COEAUHEHME HECTAOMBHO B Ma3Me U He MPOHUKAET Yepe3 reMaTtosHuedanuyeckmin bapbep
(Heony6/IMKOBaHHblE JaHHbIE).

Lenb uccnepoBanma. Haitv HoBoe Npon3BOAHOE NMMEpasunHa, KOTOPOe AENCTBYET Kak MO3UTUBHBIA MOZYNATOP, Crew-
npunyHbIn ona TRPC6, 1 oeMOHCTpUpYeT HEMPOMNpPOTEKTOPHbIE CBOMCTBA.

B TekyweM uccnenoBaHMM Mbl NpefcTaBnAeM UccnenoBaHus in silico v in vitro HOBOro MomynATopa, cneumduyHoro
ana TRPC6. B pesynbtate mccnefoBaHuit in silico Mbl oTobpany nydiume u3 14 coegMHEHWA Ha OCHOBE MPOM3BOLHOMO
nunepasuHa 51164, oTBevaloLMx BCEM KPUTEPUAM CXOACTBA C JIeKapCTBEHHbIM Mpenapata U MpOABAAIOLLMX BbICOKOE
CpoACTBO K aKkTMBHOMY LieHTpy TRPC6. C moMolublo MeTofa BU3yanu3aumy KanbLuA Mbl ONpedenuiu, Y4to coefuHeHue
z12_30 aktuempyet TRPC6, HO He CTpyKTYpHO poacTBeHHbIM KaHan TRPC3. Bonee Toro, ncnonb3ya noaxon MofneKynapHoM
AVHaMWKK, Mbl 06Hapyumnw, uto z12_30 obpasyeT yCTOMYMBLIN KOMMNEKC C aKTUBHBIM LieHTpoM TRPC6. Takum obpasom,
Mbl Bbibpanu z12_30 B KayecTBe BedyLlero COeAMHEHWA ONA AaNbHeNLero uccnefoBaHua. Mel npofeMoHCTpMpoBan,
yto z12_30 3awmiiaet rpuboBMaHbIE LUMMMKK TUNNOKaMNa 0T aMUIOMOHOW TOKCUYHOCTU in vitro v 3¢¢GeKTMBHO BoC-
CTaHaBNMBAET CUHANTUYECKYK0 NAAaCTUYHOCTb B Cpe3ax Mo3ra crapbix Mblileit SXFAD. B JOKNMHUYECKUX UCCeaoBaHUAX
Mbl Habntoganu, uto z12_30 ctabuneH B 06pasLax NnasMbl YeNoBEKa U MbILLK.

Mol npegnonaraeM, yuto z12_30 ABnAeTcA nepcnekTvBHbIM npoToTnoM TRPCé-ceneKkTMBHOrO npenaparta, NoaXOAALLEro
ANA NeYEHNA CMHANTUYECKON HEQOCTaTOYHOCTM B NOParKeHHbIX 60M1e3HbI0 AnbLreiiMepa HeMpOHax rMnMnoKamna.
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ABSTRACT

Alzheimer's disease is a neurodegenerative disorder and the primary cause of dementia among elderly individuals. Unfortunately,
there is no known cure for Alzheimer’s disease. Recently, a TRPCé-mediated intracellular signaling pathway was discovered,
which plays a vital role in memory formation by regulating dendritic spine stability. Knockdown of TRPCé expression was found
to prevent store-operated calcium entry. The overexpression of TRPCé or its pharmacological activation restores store-operated
calcium entry in hippocampal neurons affected by Alzheimer’s disease [1, 2]. TRPC6 overexpression rescues mushroom spine
loss in presenilin and APP knock-in mouse models of Alzheimer's disease [1] and protects neurons from ischemic brain damage.
Mice that overexpress TRPC6 in the brain exhibit improved cognitive function and increased excitatory synapse formation. These
findings propose TRPCé as a promising molecular target for the treatment of synaptic deficiency. We recently demonstrated that
compound 51164 (N-(2-chlorophenyl)-2-(4-phenylpiperazine-1-yl) acetamide), a piperazine derivative, enhances TRPCé channels
and induces an upregulation of postsynaptic neuronal store-operated calcium entry. Furthermore, it increases mushroom spine
percentage and recovers synaptic plasticity in mouse models of Alzheimer's disease that have an amyloidogenic nature [2].
However, additional investigations of 51164 have demonstrated that the compound is unstable in plasma and cannot penetrate
the blood-brain barrier (unpublished data). As such, the aim of this study is to discover a new piperazine derivative that functions
as a positive modulator for TRPC6-specific and showcases neuroprotective qualities.

In this study, we present in silico and in vitro investigations of a novel TRPCé specific modulator. Based on our in silico
research, we narrowed down the selection to 14 compounds through the piperazine derivative 51164 that met all drug-lead
likeness criteria and showed a high affinity for the active center of TRPCé. Calcium imaging technique was usedto establish
that the compound z12_30 triggered the activation of TRPC6 but not the structurally linked TRPC3 channel. In addition,
a molecular dynamics approach revealed that z12_30 forms a stable complex with the TRPCé active site. As a result,
z12_30 was selected as the lead compound for further investigation. Studies showed that z12_30 safeguards hippocampal
mushroom spines from amyloid toxicity in vitro and effectively restores synaptic plasticity in brain slices from aged 5xFAD
mice. Preclinical trials demonstrate that z12_30 remains stable in both human and mouse plasma samples.

We suggest that z12_30 is a promising prototype of a TRPCé-selective drug suitable for treating synaptic deficiency in
hippocampal neurons affected by Alzheimer's disease.
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