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2HKUHCBKIE AePXaBHWY yHIBEPCUTET iMeHi Mvikosv forosnis

Knto4oBi crioBa: iHribIiToOpy LIMK/I00KCUreHasun-2,
noxiaHi 4-amiHo-N-(4,5,6, 7-tetpariapo-3H-
aseniH-2-in)-6eH3eHcyIbpoHamILiB,
MOIEKYNISIPHW LOKIHI

ITomryk HOBUX CeJeKTUBHHUX iHTibiTO-
piB mukaookcurenasu-2 (IIOT'-2) symos-
JeHU JOoliJbHIiCTIO omTmuMisallii gapma-
KOJIOTiuHOI KOpeKIil TaKmX TAMKKUX XPO-
HIiYHMX 3amajJbHUX IIPOIleciB, AK peBMa-
THUYHI 3axBopioBauHHs Ta iH. Came Hecre-
poinai nporusananbHi npenaparu (HIISIT)
oTpuMaiu, PakTUIHO, HANMIUPIIE 3aCTO-
CYBaHHA 3a IUX 3aXBOPIOBaHb, IO 3YMOB-
JIeHO iXHBOI0 B3JaTHICTIO ycyBaTw Oijb i
3allaJIeHHA 3aBAAKU NMPUTHIYEHHIO aKTUB-
HOCTi IIMKJIOOKCUTEeHasu — KJIIOYOBOTO
(epMeHTY TepeTBOPEHHA apaxifoHOBOI
KUCJIOTU B IPOCTATJIAHAUHU.

3a JaHMMU KJiHIiYHOTO OCBimy 3acTo-
CyYBaHHSA B3arajli BCix mpemapariB rpynu
HII3II (HeceeKTUBHUX 1 CEJIEKTUBHUX 0
IIOT') B aAeKBaTHUX TepaleBTUUHUX
[03aX BHU3HAUEHO, IO BOHU IIPUOJIUZHO
eKBiBaJeHTHI 3a 3HEOOJIIOBAJILHUM, IIPO-
TU3aMaJbHUM 1 KapO3HUIKYBAJIbHUM
edberramu. Boguouac pisui HIISII cytre-
BO BipiBHAIOTHCSA 3a IePEHOCUMICTIO Ta
PUBUKOM PO3BUTKY MOGiUHOI Aii.

HaiicepiiosHimmuMyu ycKJIafHEHHAMU B
pasi sacrocyBamua HIISII € po3BUTOK
HII3II-imgyroBaHUX racTponarii, eHTepo-
marii Ta kapgiorokcuunocti [1]. HaiiGes-
MeYHIIMNMY IMI00 ILITYHKOBO-KUIITKOBOTO
TPaKTy BBasKaroTh iHri6iTopu came I1OT-2.
OnHakK PUSUK PO3BUTKY Kap/iOoBaCKYJIAD-
HUX YCKJIaJHEeHb 3a JIKYBaHHA 3amalib-

© KonekTtus aBropis, 2020

HUX TIPOIEeCiB € BHCOKUM i CYTTEBO DPi3-
HUTBCA 3a CTYNeHeM MAJA Pi3HUX IIpes-
craBaukiB HII3II nmporo Kaacy. BeayTbcs
HaYKOBIi AUCKYCii 1010 KapAioTOKCUYHOC-
1i HII3II rpynu KokcubiB, AKUM IIpUTA-
MaHHI BHCOKi aHaJiIreTMYHA Ta IIPOTU3Aa-
nasbHa fii. HadBHicTh cyTTEBUX 1006iU-
HUX (KapJioTOKCMUYHUX 30KpeMa) edeKTiB
perapariB MbOT0O KJIACYy 3YMOBJIIOE J030Bi
o0Me)KeHHA Ta TepMiH 3acTocyBaHHA [2].
OgHuM 3 HaAWBAKJIMUBIIINX [TOCATHEHDb
dapmakoJiorii Ta KJIIHIYHOI MeguIIMHUI
Kiamga XX CTOJITTA € CTBOPEHHS CIIeIH-
¢iyamx imriéitTopi I[OT'-2 (kokcubiB).
Opaum 3 HaledpekTuBHimux I[0T-2,
BIIPOBA’KEHUM y KJIHIUHYy IPaKkTUKY, €
npenapart Ilenexorxcu6 (IIK) [3].

3araJbHONPUNUHATUMUA IMOKA3aHHIMU
o s3actocyBauHs IIK e ocreoapTpos, pes-
MaTOIJHUHN apTPUT, aHKIJIO3yIOUUI CIOH-
OWJIiT, TIepBUHHA JUCMEHOpEes, a TaKOoXK
iHmIi B3aXBOPIOBAaHHSA, IO CYIIPOBOKY-
IOTBCS 3aNaJibHOI0 peakIlielo, 00JbOBUM
cuagpomom [4]. BoagmHouac pasom 3 1mo3u-
TUBHUMU e(peKTaMy Ta BJIACTUBOCTAMU
ITK Bimomi BMmagKu HEraTWBHOTO BILIUBY
Ha CepIeBO-CYANHHY CUCTEMY, IILTYHKOBO-
KUIITKOBUM TpPaKT, MeXaHi3M HpOTpoMOO-
TUYHOTO BIJIUBY TOIIO [5].

3a ximiunomo crpykTrypoio IIK aBise
coboro 4-[5-(mertundenin)-3-(rpudiio-
anoameru)-1H-nipason-I-in] OGensuH-
cyabporamin). Ebexrusnicts IIK mos' a-
3aHa 3 O0COOJMBOCTAMHU #Oro Ximiumoi
CTPYKTYpPU — HasABHiCTIO 6iyHOI moJApHOI
cynbdoHaMifHOl Tpynu. BmaskamoTh, IO
b0iyna moJspHa cyJabdOHaAMigHA TpyIa
mpoHuKae B akTuBHuil neHTp 110T-2, pos-
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H,C

Puc. 1. Cmpyxmypri ¢opmyau

yenexorxcuby (a) i 4-amino-N-
3 (4,5,6,7-mempacidopo-3H-azenin-

2-in )-6ensencyavponamioy 3

TAIlIOBaHUN BcepenumHi cmerudivyuoi Tig-
podinbHOI 6iuHOI «MOPOKHUHU», 1 B
HEKOHKYPEHTHO 3aJIe}KHUH Bif Jacy cIo-
ci6 mpurziuye ii axktuBHicTh. HaBmakrw,
iHmma wyacTmHA MOJIEKYJIM MIiCTUTBCA B
rizpogo6HOMY I[eHTpPaJbHOMY KaHAaJi
IIOI'-1, ame caabKo B3aeMojgie 3 MOTO
AaKTHUBHOIO MiJIAHKOIO, HE BUKJUKAIOUU
3HAYHOTO IIPUTHIYEHHA aKTUBHOCTI IIHOTO
izodepmenTy [6]. Busnaueno in vitro, mio
cryniab kKommiaementapuocti IIK mo
IIOT-2 y 10-3000 pasiB (3aymexkHO Bifm
METOAVWKY BU3SHAUEHHSA) BUINE, HIMXK 0
IIOTI'-1. 3asmauaroTh, 10 TaKa BJACTHU-
picte IIK, sAKa 3HAYHO TEPEBUIIYE CIIO-
pigaeuicts mo IIOI-2 wmesmoKkcukKamy,
HiMecyJiny, B3yMOBJIEHA CTepPeoMeTpUU-
HOIO CTPYKTYPOIO MOTO MOJIEKYJIHU.

Bucoka cenekTuBHiCTL KOKCHOIB 10
IIOT'-2, mo3UTWBHUI BIJUB IIIOJ0 KOHT-
poJiio 6oJIf0 Ta 3amajeHHs, 3 OJHOTO OOKY,
Ta MOYKJIMBUM IpoAB mobiuHOl Ta/abo He
IPOTHO30BAHUX PEaKIiii 3yMOBJIIOIOTH
MMePCIeKTUBU IOIIYKY HOBUX OPUTiHAJb-
HUX PEUYOBUH 3 PEIeNTOPHUM MeXaHi3MOM
nii — mepcnektuBHuUX JiragaiB 1{OT'-2 ma
OCHOBi MOJIEKYJISAPHOTO HOKiHTY.

A giramgm 1OI-2 6yam  gociimskemi

moximui 4-amimo-N-(4,5,6,7-Terparigpo-
OMe
N= q
+ HN-S
1 2
HQ
NTR
N= O
4 a-c

3H-asenin-2-in)-6eHseHcyabdoHaminy,
XapaKTepPHOI0 O0COOJMBICTIO CTPYKTYypPHU
AKUX € HaABHICTH 3aMiIlleHOl B ITapa-IoJio-
JKeHHi OeH3eHCYJIb(OHAMIHOI Ipynu.

Mema 0OocniOxeHHs — CUHTE3YBATU U
OI[IHUTU TIOTEHI[IiHY CIIOPiZHeHiCTh MmO
ITIOT'-2 moximuux 4-amino-N-(4,5,6,7-Tet-
parizpo-3H-a3enin-2-in)-6eH3€HCYJIb-
domaminy mnopiBuano 3 IIK, Bimomum
cesekTuBHUM iHTiG6iTopom IIOI'-2 =Ha
eTali IepBUHHOTO MOJIEKYJIAPHOTO JOKiH-
ry (puc. 1).

Marepianan ta meromu. [ocuimxyBani
cmoJilyKu — mnoximHi 4-amino-N-(4,5,6,7-
Terparigpo-3H-azenin-2-in)-6eH3eHCYIb-
donaminy Oyam cuHTE30BaHi y Bimmimi
mepmunoi ximii Y «IucturyT dhapmaxo-
gorii Ta Tokcukosorii HAMHY». Insa
mokimr-amamizy 3D wmomesi JirampiB i
pelieniTopa TOTYBaJUCh y IIPOrpaAaMHOMY
maketri AutoDockTools [7]. IMokinr Oys
MIPOBEJEHUI 3a [JOIOMOrOI0 IIaKeTa
AutoDock Vina. CrpykTypa peremnropa
ITIOI'-2 6yna B3ara 3 6asu PDB (www.
rcsb.org: 3LN1) [8], mpemapaTom mopiB-
uauusa oOys I[K (CID: 2662 (https://
pubchem.ncbi.nlm.nih.gov)) [9]. Hocuri-
meKyBaHi conyku 4 a-c i 5 d-h cunTeso-
BaHi 3a cxeMoIo:
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ne 4,5 R=a) H, b) CH,, ¢) CH,CH,CH,, R1= d) H, e) 2-CH,, f) 4-CH,, g) 2-OCH,, h) 2-Cl
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2-Metokcu-3,4,5,6-terparigpo-7H -
agemid 1 ofiep;KaHO AJKIyBAHHAM KaIpo-
JIaKTaMy IUMETHUJICYJIb(PaToOM 3a METOLOM
[10].

Cnexkrpu I[IMP 6ynu 3apeecTpoBaHi Ha
cunexkrpomerpi Bruker DRX-300, pobGoua
gacrora — 299,945 MTI'm, BHyTpimHik
craggapr TMC y posuumni — DMSO-d6.
KoHTpOJIb 3a YHCTOTOK CHUHTE30BAHUX
CIOJIYK 3aificHoBaBcA 3a momomorow TXC
Ha mnactuHax Silufol UV-254 y cucremi
xaopodopm—meranon 9:1. JlimodinbHicTh
(LogP) cuHTe30BaHUX CIOJYK OyJyia pO3-
paxoBaHa 3a momomoror mporpamu ACD
LogP [11].

Cunres 4-amino-N-(4,5,6,7-Trerparigpo-
3H-a3enin-2-in1)-6en3encyabhonaminy 3.
Cymim 12,7 r (0,1 ™Moab) 2-MeTOKCH-
3,4,5,6-rerparigpo-7H-azeminy 11 17,2 r
(0,1 mosb) 4-aminobGenseHcyabhoHAMITY
2 y 100 ma Tosyosy KWUI’ATUIHU 3i 3BO-
POTHUM XOJOAMIBHUKOM IPOTATOM 5 TOJX.
Ilicia uworo ocajm, IO yTBOPUBCS, Bif-
dinpTpyBasu TAa KPUCTAJII3yBajJM 3 IIPO-
manoay-2. Buxig — 17,1 r (64 %).
T, = 152-153 C. 3maiizeno, %: N =
15,9 C,,H,;N,0,S. Bupaxysano, %: N =
15,7. Cnekrp IIMP (IMCO-d6, TMC):
1,438 (m, 4H, (CH,),), 1,60 (m, 2H, CH,),
2,48 (m, 2H, CH,), 3,22 (m, 2H, CH,),
5,82 (c, 2H, NH,), 6,56 i 7,45 (a-1, 4H,
CH,, J = 8,7 I'u), 8,48 (ym. T., 1H,
NH). Log P = 0,23 = 0,63.

Cunres N-[4-(4,5,6,7-Terparigpo-3H-
azenmiH-2-iacyabrdamoin)-penia]-
ameraminy 4 a. Cymim 2,67 r (0,01 mosb)
4-amino-N-(4,5,6,7-terparigpo-3H -
azemin-2-in1)-6eHszencynbdoraminy 3 i
2 MJI OIITOBOTO QHTiAPUAY KUII ATUJIU 31
3BOPOTHUM XOJOAUJIBHUKOM IIPOTATOM
30 xB. Ilicaa oxoJIomKeHHsS IoLaBajind
150 M BoamM Ta 3aJMIIAIXA HAa 3 TOX IO
TIOBHOTO TiApOJi3y BaJUIIKiB OITOBOTO
arigpuny. Ocam, [0 yTBOPUBCH, Bif-
dispTpyBasM Ta KpUCTAJi3yBaJud 3 IPO-
nanoay-2. Buxim — 1,95 r (63 %).
T, = 174-175 °C. 3maiiseno, %: N =
13,5 C,,H,(N.O,S. Bupaxysano, %:
N = 13,6. Cmextrp IIMP (OIMCO-d6,
TMC): 1,44 (m, 4H, (CH,),), 1,63
(m, 2H, CH,), 2,08 (c, 3H, CH,), 2,58
(M, 2H, CH,), 3,32 (M, 2H, CH,), 7,71 i
7,76 (m-m, 4H, C.H,, J = 8,7 T'nm), 8,66
(ym. T., 1H, NH), 10,3 (¢, 1H, NH).
Log P = 0,78 = 0,64.

Cuntes N-[4-(4,5,6,7-Terparigpo-3H-a3ze-
nmiH-2-incyabsdamoin)-denin]-nponionamigy
4 b. Coonyky 6yJo OZep:KaHO AHAJIOTIUHO
ameraminy 4 a 3 2,67 r (0,01 mosb) 4-amiHo-
N-(4,5,6,7-rerparigpo-3H -azemin-2-ii)-
6enseHcyIbMoOHAMIAY 3 i 2 MJI IPOIiOHOBO-
ro amrigpmay. Buxig — 1,78 v (55 %).
T . = 187-188 C (is mponmanomy-2). 3Haii-
neno, %: N = 13,3 C, H, N,O0,S. Bupaxy-
Bamo, %: N = 13,0. Coexrp IIMP
(IMCO-d6, TMC): 1,10 (t, 3H, CH,), 1,44
(m, 4H, (CH,),), 1,62 (m, 2H, CH,), 2,36
(xB, 2H, NHCOCH,), 2,56 (m, 2H, CH,),
3,33 (m, 2H, CH,), 7,71 i 7,76 (n-m, 4H,
CH,, J = 8,7 I'm), 8,67 (ym. ., 1H, NH),
10,2 (c, 1H, NH). Log P = 1,31 = 0,64.

Cunre3 awminy [4-(4,5,6,7-TeTrparigpo-
3H-aszenin-2-incyaspamoin)-dpenia]-
nmeHTaHoBOl Kucaotu 4 c. Cnoayky O6yJio
OoJlepiKaH0 aHajoriuHo ameraminy 4 a is
2,67 r (0,01 momnp) 4-amino-N-(4,5,6,7-
Terparigpo-3H-a3enin-2-in)-6eH3€eH-
cysabponaminy 3 i 2 M aHrigpuay meHra-
HOBOI Kmcaoru. Buxig — 1,79 r (51 %).
T_ . = 182-183 °C (i3 mponanoy-2). 3Haii-
neHo, %: N = 12,2 C, H,.N,O.S. Bupaxy-
Bamo, %: N = 12,0. Cnexrp IIMP
(AMCO-d6, TMC): 0,90 (1, 8H, CH,), 1,32
(m, 2H, CH,), 1,44 (v, 4H, (CH,),), 1,57
(m, 2H, CH,), 1,61 (m, 2H, CH,), 2,35
(r, 2H, NHCOCH,), 2,56 (m, 2H, CH,),
3,34 (m, 2H, CH,), 7,72 i 7,77 (m-m, 4H,
CeH,, J = 8,7 I'm), 8,66 (ym. ., 1H, NH),
10,2 (c, 1H, NH). Log P = 2,37 = 0,64.

Cunres N-[4-(4,5,6,7-Terparigpo-3H-
azemin-2-incyashamoin)-denin]-6enzamigy
5 d. Ho cycmensii 2,67 r (0,01 wmosb)
4-amino-N-(4,5,6,7-rerparigpo-3H -azemin-
2-inm)-0ensencyabpouaminy 3 y 20 mux 5 %
Boguoro posumny NaOH momaBamum 2,1 r
(0,015 mourp) Gensoinxaopuny. Peaxkniiiny
CYMIIII peTeJbHO CTPAXYBaau 5 XB i 3au-
I1aJii Ha 8 roj M0 IMOBHOTO TiApPOJIisy HaI-
JIUIIKY OeH30IJXJIOPUAY 3a KiMHATHOI
TeMmnepatypu. Ilicaia dYoro peakiiiiny
cymim BunuBasiu B 150 mu Bogu. Ocan, 110
yTBOpUBCHA, BifdinAbTpyBanu Ta KpHUCTaJi-
gyBasu 3 eraHoay. Buxig — 2,41 r (65 %).
T . = 190-191 °C. 3maiineno, %: N = 11,5
C,oH,;N,0,S. Bupaxysano, %: N = 11,3.
Cnexrp IIMP (IIMCO-d6, TMC): 1,46
(v, 4H, (CH,),), 1,64 (m, 2H, CH,), 2,59
(v, 2H, CH,), 38,36 (v, 2H, CH,), 7,53—7,99
(v, 9H, Ph + C;H)), 8,70 (ym. T., 1H, NH),
10,6 (c, 1H, NH). Log P = 2,31 = 0,67.
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Cunres 2-meruua-N-[4-(4,5,6,7-TeTpa-
rizpo-3H-a3enin-2-incynashamoin)-denin]-
oenzamimy 5 e. Cmosyky OyJio omep:KaHO
amajoriuno Oemsaminy 4 d is 2,67 r
(0,01 mosb) 4-amino-N-(4,5,6,7-Terparigpo-
3H-azenin-2-in)-6ensencynbdonaminy 3 i
2,33 r (0,015 mousp) 2-MeTUIOEH301IXJIO-
puxy. Buximx — 2,85 r (61 %). T =
222-223 °C (i3 eranousy). 3HaiigeHo, %:
N = 10,8 C,,H,,N,0,S. Bupaxysano, %:
N =10,9. Cuexrp IIMP (IMCO-d6, TMC):
1,47 (m, 4H, (CH,),), 1,64 (m, 2H, CH,),
2,39 (c, 3H, CH,), 2,58 (m, 2H, CH,), 3,33
(m, 2H, CH,), 7,29-7,50 (m, 4H, C;H,),
7,80 i 7,89 (a-m, 4H, C;H,, J = 8,7 I'm),
8,69 (ym. T., 1H, NH), 10,6 (c, 1H, NH).
Log P = 2,77 = 0,67.

Cunre3 4-merun-N-[4-(4,5,6,7-TeTpa-
rigpo-3H-azenin-2-incyabdamoiix)-
denin]-6ensaminy 5 f. Cooayky 6yJio
ozep:kaHo aHajoriuno Gemsaminy 4 d is
2,67 r (0,01 mosab) 4-amizmo-N-(4,5,6,7-
TeTparigpo-3H-asemin-2-11)-0eH3€HCYIb-
donaminy 3 i 2,33 r (0,015 wmoun)
4-meTunbensoinxaopuny. Buxig — 2,43 r
(63 %). T = 192-193 °C (i3 eranoxy).
3matineno, %: N = 10,7 C,,H,,N,O.S.
Bupaxysano, %: N = 10,9. Cuextp IIMP
(AMCO-d6, TMC): 1,46 (m, 4H, (CH,),),
1,64 (m, 2H, CH,), 2,39 (c, 3H, CH,),
2,59 (m, 2H, CH,), 3,35 (m, 2H, CH,),
7,351 7,90 (m, 4H, CH,, J = 7,4 Tn),
7,821 7,96 (n-n, 4H, C.H,, J = 8,4 I'n),
8,70 (yum. t., 1H, NH), 10,5 (¢, 1H, NH).
Log P = 2,77 = 0,67.

Cunres 2-metoxcu-N-[4-(4,5,6,7-TeTpa-
rigpo-3H-azenin-2-incyabhamoiix)-
denin]-oenzaminy 5 g. Cmoayry 6yJio
ozep:kaHo aHajsoriuno Gemsaminy 4 d is
2,67 r (0,01 mosb) 4-amizmo-N-(4,5,6,7-
TeTparigpo-3H-asemnin-2-11)-0eH3eHCYIb-
domaminy 3 i 2,57 r (0,015 moap) 4-meTo-
kKcubensoinxaopuny. Buxin — 2,43 r (63 %).
T, = 200-201 °C (iz eramoxy). 3Haiige-
HO, %: N = 10,4 C,,H,.N,0,S. Bupaxysa-
HO, % : N =10,5. Cuexrp IIMP (JIMCO-d6,
TMC): 1,46 (m, 4H, (CH,),), 1,64 (m, 2H,
CH,), 2,58 (m, 2H, CH,), 3,35 (M, 2H,
CH,), 3,90 (¢, 3H, OCH,), 7,05-7,65
(m, 4H, C.H)), 7,801 7,89 (n-z, 4H, C.H,,
J = 8,4 '), 8,68 (yur. r., 1H, NH), 10,4
(c, 1H, NH). Log P = 2,04 = 0,67.

Cunres 2-xmopo-N-[4-(4,5,6,7-TeTpa-
rinpo-3H-a3enin-2-incyascdamoin)-
denin]-6enzaminy 5 h. Cooayky 6yJio

ofep:kaHo aHajsoriuno Gemsaminy 4 d is
2,67 r (0,01 mosb) 4-amizo-N-(4,5,6,7-
Terparigpo-3H-a3enin-2-in)-6eHs3eH-
cyabhoraminy 3 i 2,63 r (0,015 moib)
2-xjopbensoinxjgopuny. Buxim — 2,44 T
(60 %). T = 221-222 °C (i3 omroBoi KucJo-
™). 3Ha#geno, %: N = 10,5 C, H,,CIN,O,S.
Bupaxysauo, %: N = 10,3. Cuexrp IIMP
(IMCO-d6, TMC): 1,47 (m, 4H, (CH,),),
1,65 (m, 2H, CH,), 2,58 (m, 2H, CH,),
3,36 (m, 2H, CH,), 7,45-7,64 (m, 4H,
CH,), 7,82 i 7,87 (a-m, 4H, CH,, J =
8,4 T'm), 8,70 (ym. t., 1H, NH), 10,8
(c, 1H, NH). Log P = 2,49 = 0,67.

3 wMmerowo omrumisanii dapmakrosoriu-
HUX JOCTiKeHb ¥ OOI'DYHTYBAHHS JOIi/Ib-
HOCTi IIPOBeZeHHS €eKCIepPUMeHTaJbLHOTO
CKPUHIHTY OpOTHU3aNaJbHOI AKTHUBHOCTI
OyJin TIpOBeJeHi MOKIiHTOBi HOCJIimKeHHS.
3acTocyBaHHs in silico MeTOIIB mTae MOXK-
JUBicTh 30eperTu J1abopaTOPHUX TBAPUH Y
BUOAAKY HU3BbKOI adiHHOCTI mOCaimsKyBa-
HUX CIIOJIYK O IOTEHI[iHHUX OiomilneHein.

ExcmepuMeHTabHI OOCTiI)KeHHA 3
BU3HAYEHHS aHTUHOIIUIIEIITUBHOI Ta IIPO-
TU3amaJbHOI AaKTUBHOCTI IIPOBEIEHi Ha
CTaTeBO3PiNIMX HEJIHIAHUX TBapUHAX
000X crareil OBOX BHUIIB: Oijux mMwuImax
macowo (22,0 = 2,0) r i 6immx mypax
macowo (228,8 = 7,2) r posBeneHHA BiBa-
piro 1Y «Imcruryr dapmakrosorii Ta Tok-
cukosiorii HAMHY », 1m0 yrpumyBaaucs
Ha CTAaHJAPTHOMY PEXUMi XapuyBaHHS y
BiBapii 3 BiIBHMM [OCTYyIIOM IO BOAU Ta
isxi. [ochimkeHHA NIpOBeNeHi 3 AOTPU-
MaHHSM BiANMOBiZHWMX WPaBUJ MIOAO
TYMaHHOTO BifgHOINIeHHA m0 TBapuH [12].
Hocaimxysany cnonyky 4 a i IIK BBomu-
JI BHYTPINIHBOUIIJIYHKOBO B 103i 15 mr/
KI' Macu Tijla TBapuH.

Y mocnimax Ha 6iaMX MUIIAxX OI[IHKY
3HE0OJI0BAbHOI AKTHUBHOCTI IMTPOBOJMJIN
Ha MozeJi XiMiuHOI HOIIMIIENTUBHOI CTH-
MyJsiii — BiciepaabHOTO 60JI0 («KOpdi»,
BUKJIMKAHI OIITOBOIO KUCJIOTOI0). Jlocii-
[UKYBaHy CHOJYKY BBoamiu 3a 30 XB 70
MOJIeJTIIOBaHHsA 6071b0BOr0 cuHgpoMy. O11T0-
BOKMCJII «KOpUYi» MOJENIOBANIN IILJIAXOM
BHYTPiIITHHOOUEPEBUHHOTO BBEIEHHSA PO3-
yuHYy 011T0BOI KucaoTu B 103i 0,1 mu/10 r
Macu Tijna TBapmHU. IlopiBHIOBaSIM YMCIIO
KOPUiB y TBapWH NOCIiZHOI Ta KOHTPOJIb-
HOI rpyn. SIK Kpurepiil omiHKU edeKTUB-
HOCTi BUKOPWCTOBYBAJM BifCOTOK iHTi0i-
il ymesna «kopuiB» [13].
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IIpoTusanmanbHy aKTUBHICTE CHIONYKU 4 a
y mociaimax Ha O0iImX MHUIIIax JOCJimKyBa-
JIX Ha MOJeJIi KapareHaHOBOTO HAaOpPAKY.
Boguuit posumu xaparemany (1 % pos-
YWH) BBOAUJIU B aAllOHEBPO3 JAIMW TBAPUH
3 pospaxyHKy 0,05 mu wa 10 T macu Tina
TBApUHU. AHTHEKCYAAaTUBHY AaKTUBHICTH
BUMipIOBaAJIM HA MaKCHUMyMi B3amaJbHOL
peakiii (uepe3 3 ron ImiciaA BBeIeHHA
¢duororernoro arenra). Kpurepiem oiin-
Ku OyB BimcoTok iHri6imii Habpary [14].

VYV mocrigax Ha Oinux Iypax BUBYEHHS
3He0OJTIOBAJIBHOI Ta WIPOTHM3amaiabHOI Ail
cionyku 4 a ta IIK axk mpemapaTy mopis-
HAHHS IPOBOAWJIM Ha MOZEJi 3amaJbHOTO
IIPOIeCy, I1HAYKOBAHOTO CYOIJIAaHTAPHUM
yeegenusam 0,1 mu 1 % BOZHOrO POSUUHY
KapareHaHy. 3HEOOJIIOBAJILHY [Jil0 OIliHIOBA-
su 3a tecroM «tail-flick» ma ycramosii Ugo
Basile (Itanmis) 3 Bu3HAUEHHAM IIOpoTa
6ospoBoi wyTausocti (IIBY) Ta ananreruy-
HOi akTuBHOCTI (AA, %) 3a 3araJbHOIIPUII-
HATUM MeTogoM [15]. IIpormsananbry
aKTUBHiCTh ciosniyKu 4 a Ta ITK BusHavuain
3a 3JATHICTIO 3MEHIITyBaTH HAOPAK KiHIIB-
KU, V Ky OyJIO BBEJIeHO ITaTOTeHHUI areHT,
3 peectpailliero 06’emy cromnu (y. 0.) BOJIO-
MOMETPUYHUM METOJOM 1 PO3PaXyHKOM
nporuHabpsaroBoi akTusHOocTi (ITHA, %).
TeapuHu OyJIM POIMOAiJEHI 3a rpymaMu 1o
7 ocobuH y kKoxkHi. [lo meprroi rpynu Biz-
HECEeHO TBapWH KOHTPOJIbHOI rpynu (Kapa-
reHaH), 0 npyroi — TBapuH, aKkuM 3a 30 xB
o iHAYKITil 3amaJIbHOTO IIPOIECY B IILIYHOK
uyepes crieriajabHui MerasaeBuit 3088 y 1 %
KpoxMasbHOMY 3aBuci BBogmiu 1K y mosi
15 Mr/Kr macu Tijla TBapWHU, IO € Tepa-
TIEBTUYHOIO [TO30I0 B II€PEPaxyHKy Ha TBa-
PUH 3 ypaxyBaHHAM BHAOBOI UYTJIHUBOCTI.
Amnasioriuno B Ti#i camiii mosi mrypam Tpe-
THOI TPYNU BBOAWJIU CIIOJNYKY 4 a.

Cmamucmuyna o0pobka. aui miozmo
pesyabTaTiB (apMaKOJIOTIiYHUX [TOCJi-
I'KeHb BU3HAUAJIU 3a HOPMAJIBHICTIO PO3-
MOAiNy, SIKWUUM OI[iHIOBAJIM 3a KPUTEepieM
Shapiro-Wilk (W). Haui mpeacraBieHi y
BUTJIALL CepeJHbOTO apu(GMeTHUUYHOTO Ta
CTaHIAPTHOI MOXUOKU pPerpe3eHTaTuBHOC-
Ti cepegHBOrO B3HaueHHs. BiporiguicTh
Mi’K cepefHIMU B3HAUEHHSIMH B [ABOX
BubOipKax BusHauaau 3a Kpurepiem Crbio-
IeHTa B pasi HOPMAJIbHOTO PO3MOILIY.
CTaTUCTUYHO BHAUYII[MMU BBAYKAJU Bil-
MiHHOCTI 3a PiBHA 3HAYYII[OCTiI HEe MEHIIE
ik 0,05 [16].

PesyabraT Ta iX 0o0roBopeHHs. AHa-
JIi3 pes3yJbTATiB MAOKIHTOBUX [TOCTiIKEeHb
IOKas3aB, 1[0 BCi CIOJIYKH TOKa3yioTh
XOPOIIIi 3HaueHHA a)iHHOCTI 0 perenrTopa
II0T'-2. TIpore cmonyxku 3, 4 a, 4 b, 4 ¢
3aiiMaloTh IIOJIOJKEHHs B Himm, oo e
xapaxTepuoo mis IIK. 3HauenHs pospa-
XOBaHUX BIJIBHUX €Heprii B3B’A3yBaHHSA
(Ep,.) AJIA KOMILIEKCiB, IO YTBOPeHi
MOJIEKYJIaMUA CUHTE30BAHUX PEYOBUH i
penteritopom 11OT'-2, i Biporigui miskmoute-
KyJIApHi B3aemomii HaBemeHo B Tabuii 1.

Vi mogeni cmonyk 3 ITOT'-2 mokasyooTh
xopomi sHavenHa Ej . IIpore Tinbkm
cnonyku 3, 4 a, 4 b, 4 ¢ 3aiimaTb M0J0-
JKeHHsA B HIiIi, IO € XapaKTepHOIO IJIis
IOK (puc. 2).

Cmonyka 3 (E,, = - 8,8 KKaj/MoJb)
YTBOPIOE KOMILIEKC 3 AKTHUBHUM CaWTOM
ITOI'-2 3a paxyHOK BOZHEBUX 3B’A3KiB MiK
aMiHOTrpymnomo Ha (eHiibHOMY (parMeHTi
ta His75 i Arg499. Asor asemiHOBOTO
dparmenTa Jirasgy 3 H0AaTKOBO B3aEMO-
mie 3 Ser516, Tyr371 (3,9A, 4,7A sizmo-
BiHO), a KuceHb CyJIb()OHIIBHOI TIpynu
mirasgay — 3 Ser339 (5,0A). Ina denimsHo-
r0 KiJbIld Jiirauay 3 xapaKTepHOIO € MiK-
MoJIeKyJIApHA B3aemois 3 Leu338, Ser339
(3,4A, 3,8A BimmoBizHO). YTBOpEHHIO KOMII-
nexcy crnonyku 4 a (E, . = — 9,4 xxan/
MOJIb) 3 PeIelITOPOM CIPUSIE BOJHEBUt
3B’s30k 3 His75 (2,5A) i momaTxoBi Mmix-
MOJIEKYJAPHI B3aeMmopxii Jirangy 4 a 3
Ser516, His75 (4,4A i 2,5A Bigmosizmo).
Cmonyka 4 ¢ (E,, = — 8,6 xkan/moun)
yTBOpIoe Komiutekc 3 I[OT'-2 3a paxyHOK
MOJKJIMBOCTI YTBOPEHHS BOSHEBUX 3B’ A3KiB
3 Argl06 (2,3/2,4A). YTBOpeHHS KOMII-
nexcy cmonyku 4 b (Ep = — 8,6 xkamn/
MOJIb) 3 PEIENITOPOM 3a6€3MeUYEThCI MisK-
MoJIEKyJIApHUMU B3aemogiamu 3 Argl06,
Tyr341, Tyr371, Tyr373.

Coonyku, AKi Majaum pmomaTKoBe OeH-
3onbHe Kinpe 5 d, 5 h, 5 f, 5 e, 5 g,
3aiiManu cBOI BjacHi Himi Ha moBepxHi
pertenitopa (caiitT 2 i caiit 3 BigmoBimHO),
He BOYZOBYIOUNCH B aKTUBHUI CAUT, IO €
xapakTepuum aas IIK (puc. 3, 4). Ile
MOsKe OyTH TIOB’SI3aHO 31 CTEPUUYHUMU 0CO0-
JIUBOCTAMU CIIOJYK, PO3MipuU SAKUX He
IO3BOJISIFOTh 3aWHATUA IIPOCTIP aKTUBHOTO
cairy. Cmosnyka 5 e Mmae 3HAUeHHS eHepril
(Ep,. = -11,1 xkkan/monb), AKe OaU3bKe
mo IIK. CynbdoninbHa rpymna Jiraugy 5 e
MOK€ YTBOPIOBATH BOJHEBi B3B’A3KKM 3
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Tabaumsa 1

Binvna enepzia 36’a3y6aHna ma 6ipo2iOHi MidcMONeKYNAPHI 63a€MO0il NOXIOHUX
b6en3encynvonamidie y caimi yuknooxcuzenadu-2

BinbHa eHep-

BogHeBun 3B°930K

IHWi MmonekynsapHi B3aemogair

Cno- | risa38’a3y- | sanyuyeHwuii dyHKuio- 3anyyeHmuii dyHKuio-
nyka BaHHA, 3anmnLoK HanbHa 3annLwoKk HanbHa
KKan/monb (L, A) rpyna (L, A) rpyna
CninbHi aMiHOKVCI0TY 3 OTOYEHHS NliraHAaiB: Lienekokcuby, 3, 4 a-c
VAL335, LEU338, SER339, TRP373, PHE504, VAL509, GLY512, TYR371
Arg499 (2,4A) -SO, Pi-cation ;Arg106 Pyrazole ring
(5,9A)
Llene- 1.9 Pi-cation I:eu338 Phenyl ring
KOKCcnb ’ (6,5A)
Pi-Sigma Ser339 | Phenylring
(2,34)
His75 (2,2A) -NH, Ser516 (3,9A) -N-
Arg499 (2,8A) -NH, Tyr371 (4,7A) -N-
3 88 Ser339 (5,0A) -S0,
’ Leu338 (3,4A) Phenyl ring
Pi-Sigma Ser339 | Phenyl ring
(3,8A)
4a 93 His75 (2,5A) -NH Ser516 (4,4A) -SO,
His75 (2,5A) -CO
- - Arg106 (2,6A) -N-cycle
Tyr341 (3,14) -S0,
4b -8,6 Tyr341 (3,94) -NH
Tyr371 (4,5A) -CO
Tyr373 (4,5A) -CO
Arg106 (2,4A) -CO - -
4c -8.,6 Arg106 (2,3A) -NH,

CninbHi aMiHOKMC/1I0TY 3 OTOYEeHHS niraHais: 5 d, f, h

ASN19, CYS21, ASN24, CYS26, CYS32, GLY121, LEU138, PRO139, PRO140, ALA142,

GLU447
Pro140 (2,4A) -NH - -
5d -9.4 Asn24 (2,4A) -NH
5 f 9.3 Arg29 (2,6A) -CO GIn447 (3,1A) -SO,
’ Arg455 (3,54) -CO
Asn24 (3,4A) -NH
5h -9,4 - - Asn19 (3,1A) -S0,
Gly121 (2,9A) -NH
CninbHi aMiHOKMC10T 3 OTOYEHHS fliraHAaiB: 5 e, g
GLN189, HIS193, PHE196, LYS197, THR198, HIS200, ASN368, HIS372, HIS374
Thr198 (2,1A) -S0, Thr192 (3,1A) -CO
Asn368 (2,34) -SO, His374 (3,1A) -NH
His200 (2,2A) -N-cycle Pi-Pi His372 Phenyl ring
5e -11,1 )
(3,04)
Pi-cation His193 Phenyl ring
(4,1A)
His200 (2,1A) -0O- GIn189 (3,14) -N-
His193 (2,1A) -S0,(0) His374 (2,7A) -NH
5 82 His374 (2,2A) -S0,(0) Pi-cation His193
9 ’ GIn189 (1,7A) | -S0,(0) (5,6A)
Pi-cation His374
(3,84)
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Thr198 i Asn368 (2,3A 2,4A Binnosixno),
azor aseminoBoro ¢parmenty 3 His200
(2,2A). Kpim TOro MOKJIMBUME € MixKMO-
JeryaapHi B3aemoxii 3 Thr192 i His374,
a ¢euinbHOro Kinbuga girauny — 3 His372,
His193. AwnajyioriyuHo AJsi CHOJYKH O &
XapaKTepHUM € BOJHEBUU 3B A30K 3
His200 (2,1A) i mixmomexynapHa B3ae-
moxis 3 His372, His193.

Cooayku 5 d, 5 f, 5 h moxyiorsca B
OKpeMuii cuisbHuM nisa aux caut 1[0I-2,
ase IixHI MiKMOJEKyJIApHiI B3aemomii
XapaKTepu3yIOThCAd PiBHUMU aMiHOKNC-
JIOTHUMU 3aJUIIKaMU, IO 3yMOBJIEHO
0COOJIMBOCTAMU CTPYKTYPU apUI-aMif-
vHoro (Gparmenty (Aryl = Ph, p-Me,
0-Cl).

TakuM UYWHOM, MOJKHA IPUIYCTUTH,
1o iHri6yroui BJIACTMBOCTI CMHTE30BAHUX
CIOJYK BimHOocHO pemenrtopa I[OT-2
MOJKYTh OyTH pealidoBaHi IIJIAXOM yTBO-
PEeHHA MiK HUMHU KOMILIEKCiB, CTiIKiCTh
AKUX 3a0e3MeuyeThbecsa 3a PAXyHOK eHepre-
TUYHO BUTIZHOTO T'€OMETPUUYHOTO DPO3Ta-
IIyBaHHA JIraHAiB y Himii, #AKy BOHU
3aiMalOTh y PENenTopi; YTBOPEHHSA BOJ-
HEeBUX 3B A3KIB MiK HUMU, MilKMOJEKY-
JAPHUX €JeKTPOCTATUUYHUX 1 [JOHOPHO-
aKIIeIITOPHUX B3AEMOMIA.

Excnepumenrtanbua Bepudikamis mpo-
rHO3y (apMaKoJOoriuHOl AaKTHUBHOCTI
3a3HaUeHUX CIIOJYK Oyja IpoBeleHa Ha
MIPUKJIAAI BUBUYEHHS AHTUHOIUIIEITHUBHOL
Ta IpoTU3anajabHol mii cmonyku 4 a.

Ax cBimuaTe maHi Tabaumi 2, crmoayka
4 a 3a BHYTPIIIHBOIILJIYHKOBOT'O BBEIEHHS
MIPOSIBUJIA TIPOTU3ATIAJIbHY aKTUBHICTHL Ha

MUIAX, PO II[0 CBiAUNUTHL 3HAUHE BHU-
"KeHHs Baru CTOIM TBAPUHMU.

CBifueHHAM AaHTHUHOIIUIEIITUBHOL mii
croayku 4 a € il 3gaTHiCTh 3MEHIIIyBAaTHU
KinpKicTs «KOpuUiB» y 6inmmx wmwumen
maiike Ha 27 % (Tabua. 3).

Orpumani maHi B gociimax Ha 06igamx
mrypax cBifuaTh TpPO BUPA3HICTH IIPOTU-
6oaboBoi xmii ITK (Ttabxa. 4). Yepes 2 rog i
uepes 4 ron micas iHAYKIIT samajieHHA 3a
BBegmenHsa I[K cmocrepiramocs spocranusa
ITBY mopiBHAHO 3 BUXiZHUMU TaHUMHU Ha
mouazn 26 % i ma moman 25 % Bigmosizmo,
1[0 € CBiJYeHHSAM 3MEHIIEHHS 6OJHLOBOIO
BiIUYyTTA B TBApPUH YIPOMOBIK TPUBAJIOTO
gacy. ¥ Ti cami Tepminm AA ITK cranoBu-
na 45 % i 33 %.

3a BBezeHHs crnoJayku 4 a AA Oyia
HaWBUIMIOI Yepe3 2 TOJ IIiCJsd BBEIEHHS
Kaparesany (24,5 %) i mOCTyIIOBO BHUMKY-
Basacs 1m0 15,7 % wuepes 4 roj 3amajibHO-
ro mpoiecy (Tabu. 4).

Orpumani gaHi cBigyaTh IPo HAABHICTH
V CIIOIYKH 4 a CyTTEBOI aHTUHOIUIIEIITHB-
HOI aKTHUBHOCTI, OJHAK BOHA € HUKUYOIO 3a
aktusBHicTh IK.

V mexax 14-17% wonusanaca ITHA
IIK y pisHi TepmMiHUu cmocTepeskeHHSA, PO
10 CBiJUUTH CYTTEBE IOPiBHAHO 3 JaHU-
MU TBAPUH KOHTPOJILHOI I'PyHM 3MEHIIeH-
HA HaOpAKY KiHIiBOK (Tabia. 5).

Ha sigminy Big ITK, cnoayka 4 a mpo-
ABJIAJIA TPOTUHAOPAKOBY il0 JIUIIe Yepes
4 ropx micasa iHmyKIii samajgeHHs, # Il
ITHA cranoBuaa 15,00 %.

VY mocrmigax ma pisHMX Bumax Jabopa-
TOPHUX TBapWH JOBEAEHO, IO CIOJYIIL 4 a

piBai 28,8 % y pmocaimax Ha O6iauMx OpUTaMaHHA 3HAUYHA AHTUHOIUIIENITHBHA
Tabaumsa 2
Anmuexcydamueéna 0ia cnonryru 4 a y HeninilHux mumell
Ha modeni KapazeHiHo6020 Habpaky (n = 6)
A M, mr, koHTpOonbHa | A M, mr pocnigHa 3miHa
MapameTp
rpyna (M = m) rpyna (M £ m) A0 KOHTponio, %
CryniHb excypadii 9,60 + 0,41 6,83 +£0,83* -28,8
IIpumimka. Tym i 6 ma6a. 3: *p < 0,05 nopi6HAHO 3 KOHMPOLEM.

Tabaunsa 3

Anmunoyuyenmuena akmuenicmd cnoayku 4 a y 6irux muweill
Ha modeni OymMoEoOKUCIUX «KOpHi6» (n = 6)

KinbkicTb «kopu4iB»

KinbkicTb «kopuiB»

nois

3miHa
MapameTp Y KOHTPOJIbHIN rpyni y AOCAigHIn rpyni o
(M = m) (M = m) A0 KOHTponio, %
A_HTMHOLI.VILI.enTVIBHa 21,40 + 0,41 15,57 + 2,35 -26,8
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Tabaunsa 4

Ilopiz 60onvo60i wymaueocmi (M * m, c) ma ananzesyoua akmusenicme (%) cnonryku
4 a ma yenexoxcudy nHa modeni KapazeHaH-iHOYKO06aH020 3ANALEHHA 6 ULYPié

Movna BuxigpHe Yepes 2 rop nicnsa Yepes 4 rog nicnsa
Py 3Ha4YeHHs iHAYKUIT 3ananeHHs iHAYKUIT 3ananeHHs

KoHTtponb, n =18 13,60 £ 0,40 10,60 * 0,70% 11,50 + 0,8%
Bincotok no BuxigHoro ) 22,05 15,44
3HAYEHHSs
Llenekokcn6, n =7 12,20 £ 1,60 15,40 + 1,60* 15,30 = 1,70*
A.Hann(a)syloua aKTuB- ) 145,28 +33,04
HiCcTb, %
Cnonykad4a,n=7 12,20 £ 1,60 13,20 + 0,82* 13,30 £ 0,66*
Aanreayioua : +24,52 +15,65
AKTUBHICTb, %

IIpumimra. Tym i 6 maéa. 5: *p < 0,05 nopiénano 3 uxionumu danumu, *p < 0,05 nopieHAHO 3 dAHUMU MEAPUH
KOHMPOALHOL 2pynu Ha 6i0N0GIOHUIL MepMiK CnOCmepex’ceHHs.

Tabaunsa 5
IIpomunabpaxosa dia cnoryku 4 a ma yenexoxcudby na modeni
KapazeHaH-iHOYK06aH020 3ANANEHHA 6 WYPi6
Movna BuxigHe Yepes 2 rop nicnsa Yepes 4 rop nicnsa
Py 3Ha4YeHHS iHAYKUIT 3ananeHHsa iHAYKUIT 3ananeHHsa

KoHTponb, n = 18 1,43 £ 0,06 2,21 +0,05% 2,40 = 0,05%
BincoTok 0o BMxigHOro i +54.54 +67.83
3HaYEHHs
Llenekokcnb, n =7 1,39 + 0,04 1,90 £ 0,07* 2,0 £0,04*
|_|p0TVII—.|a6pﬂoKOBa ) 14,03 16,67
aKTUBHICTb, %
Crnonykad4a,n=7 1,36 £ 0,02 2,02+0,1 2,04 £0,11*
|_|pOTVII-'|a6p9|KOBa ) -8.59 -15,00
AKTUBHICTb, %

aKTHBHICTh, X04Ya BOHA € CYTTEBO HUK-
voro 3a aktuBHicTs IIK. JocToBipHa anTH-
HOIIUIIENITUBHA aKTUBHICTHL CIOJYKH 4 a
HaA DPiBHUX MOAeNAX 60JIHLOBOTO CUHAPOMY
(«kopui», OOJIBOBUII CHUHIPOM, iHIYKOBa-
HUM KapareHaHOM) MOJKe OyTH CBigueH-
HAM Dpi3HUX MexaHisMiB peasnisamii il
POTU60JIHLOBOTO eheKTy.

Yepes 2 rox micas iHAYKITT 3amalieHHA
cronyka 4 a He MIPOABJISAIA TPOTUHAODS-
KoBOi mii. PaKTUYHO JIATEHTHUUN IIepiof
npoTus3amaabHOoi mii HOBOCHHTE30BaHOI
CIIOJIYKY CTAHOBUB MOHAJ 3 ToX, a ii cTy-
miue Oysa Ha piBHi 15 % y mypiB i 28 %
y muinei. PisHUIlA B cuIi IPOTUHAOPAKO-
BOI aii cmonyku 4 a y mociifiax Ha MHUIIax
i mypax mMosKke OyTH CBifUYeHHSM BUIOBOI
YYTJUBOCTI, III0 TOTPeOye MOJANBIINX
TOCJILIKEeHb.

Pesynpratu MOJIEKYJIAPHOTO [OOKIiHTY
00 IIOTeHIIiiHOI cHopigHeHOCTi MmO

IIOTI'-2 moximuux 4-amizno-N-(4,5,6,7-TeT-
parigpo-3H-azeniu-2-in)-6eH3eH-
cyaboHaMiy Ta NOPIBHAJNBHUX HOCIIi-
mxeHb 3 IIK, Ak cenekTuBHUM iHTiIGiTOPOM
ITOT'-2, 103BOSIAIOTH IPOTHO3YBATH CYTTEBY
QHTUHOIUIIENITUBHY aKTUBHICTH y CIIOJYK
3a3HAYEHOTO XiMiUHOrO pALy Ta mependa-
vyaTu, 1110 OAUH 3 MeXaHi3MiB Imiei mil moxke
OyTU OIOCEepeKOBAaHMU Yepe3 B3aEMOJII0 3
IIOT'-2. OrpumaHi gaHi € cBiqUeHHAM Tep-
CIIEKTMBHOCTI IOUTYKY aKTUBHUX CIOJYK 3
BaactuBocTsaMHY iHriGiTopis IIOI-2 y 3a3HAa-
4YeHOMY XiMiuHOMY pAndy.

BucHoBKu

1. CuHnTes30BaHO paAn moxXigHmX 4-amino-N-
(4,5,6,7-Trerparigpo-3H-asenin-2-ii)
Oeusencyab(poHAMILY KOHIAEHCAIli€0
2-meTokcu-3,4,5,6-trerparigpo-7H -
ageminy 3 4-amiHoOeH3eHCYJIbGOHAMI-
oM i momanbmiuM MOAUGDIKYBaHHAM
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KiHmeBoi awminorpynm. BypmoBa Bcix
CUHTE30BAHUX CHOJYK [IOBeJeHa 3a
nomomoroio ITMP-cnexkTpomerpii.

. MonekynapHUN MOOKIHT CUHTE30BAHUX
CIIOJIYK TIOKa3aB, 1110 0asdoBa MOJIeKyJa 3
i MOJIeKyJIM 3 aJKiJalUJIbHUMU 3aMiCHU-
Kamu 3a aminorpymoi 4 a, 4 b i 4 ¢ pos-
MityooTsca B caiiti 3B’sas3yBanusa 1[0T-2,
mo e xapaktepauMm miasa I1TK. Txua mini-
vanbHa Ej 3HAXOMUTHCA B MeMax Bif
-8,6 KKaj/mMoub A0 -9,3 KKaja/MOJb, IO
Iae MiACTaBYy MOCTIMKYBATU IIi CIIOJIYKU
AK moTeHIiliHi iHri6iTopm I10T-2.

. 3a pesyJibTaTaMu MOJIEKYJIAPHOTO JOKiH-
Iy BUSABJIEHO, III0 BBEJEHHS aMiJHO-
apuJIbHOTO (hparMeHTy A0 0a30BOi MoJie-
KyJau 3 He [O03BOJIAE IIMM CIHOJyKaM
(5 d-h) saiimatu akTuBHwuit cairr I10T-2.

AHTUHOIUIIETITUBHA AaKTUBHICTH, IIPO
10 CBigumTh 3HauHe nigsuieHaa IIBY
3a yMOB iHAYKIIil 600 KapareHaHOM i
3MEHIIIeHHs YMCJIa «KOPUiB» y TBapWH,
3YMOBJIEHUX BBEJEHHSAM OIITOBOI KIHC-
JIOTH.

. PesynbTaty MOJIEKYJIADHOTO [LOKiHTY

00 IIOTEHIiHOI CcIopigHeHOoCTi mo
IIOTI'-2 moxigaux 4-amino-N-(4,5,6,7-
Terparigpo-3H-azeniu-2-in)-6eH3eH-
cyaboHaMily Ta IOPiBHAJABHUX
mocaimkens 3 IIK axk coemudivyaum
imri6éitopom ITOI'-2 pmosBosAOTH IIPO-
THO3YBATH CYTTEBY aHTHUHOIIUIIEIITUB-
HY aKTHUBHICTb y CIOJYK 3a3HAYEHOTO
ximiuHoro psamy i mepembauaru, IO
ONVH 3 MexXaHi3MiB 1iel xil Mmoxke OyTu
omocepeIKOBaHUI uUepe3 B3aEMOIII0 3
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A. €. 3eniucbka, T. A. Byxrtiaposa, J1. C. Bo6koBa, A. M. [lem4yeHkO

CuHTe3 noxigHux 6eH3eHcynbgoHamifiB i BUBYEHHS IXHBOT CMOPiAHEHOCTI 00

LMKIIOOKCUreHa3n-2 MeToA0M MOJIEKYNIIPHOIO AOKiIHry

BionogiaHoO [0 cy4acHux yaBneHsb, iHribilio umuknookcureHasn-2 (LLOM-2) po3rnsaatoTb 9K OAUH 3 BaX-
NINBUX MEXaHi3MiB MpoTH3ananbHOiI akTUBHOCTI HECTEPOIAHUX NpoTMU3ananbHux npenapartis (HM3MM). Tomy
nowyk HoBux HIM3MM, cenektnBHux oo LIOMM-2, € ayxe akTyanbHUM 3aBAAHHAM.
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MeTa [oCnigXeHHs — CUHTe3yBaTW 1 OLLIHUTK MOTEHLINHY cnopigHeHicTb no LLOIM-2 noxigHnx 4-amiHo-
N-(4,5,6,7-TeTparigpo-3H-a3eniH-2-in)-6eH3eHcybdoHaMigy nopiBHSAHO 3 Lenekokcnbom (LK) — Bigo-
MUM CeNeKkTUBHUM iHribiTopom LIOIM-2 Ha eTani NnepBUHHOIO MOMEKYJIIPHOIO OOKIHTY.

Knn’aTiHHAM ekBiMONSApHUX KinbkocTel 2-meTtokcun-3,4,5,6-Tetparigpo-7H-a3eniHy 1a 4-amiHOOeH-
3eHcynbdoHaMigy B Tosyoni cuHTe3oBaHo 4-amiHo-N-(4,5,6,7-TeTparinpo-3H-a3eniH-2-in)-6eH3eH-
cynbdoHamia. Noganbwmm MoandikyBaHHSAM KiHLEBOI aMiHOrpPyny CUHTE30BaHI BiANoBigHi aumn-(4 a-c)
i apoin- noxigHi (5 d-h).

Bun3aHaueHo, Lo BCi CNOYKKN NOKa3yoTb XOPOLUi 3HaYEHHS BiflbHOI eHeprii 3B’3yBaHHs 3 caiTamu LLOI-2.
MpoTe 6a3oBa Monekyna 3 i cnonyku 4 a-¢ 3aliMaloThb NOSIOXEHHSA B HiLlli, L0 € xapakTepHoto ans LIK. IxHs
MiHiManbHa BiflbHa eHepris 3B’A3yBaHHSA 3HaX0AUTLCS B Mexax Bif, -8,6 kkan/monb o -9,3 kkas/Mosb, LWo
[ae niacTaBy AOCAIAXKYBaTM L CNONYKN SIK NOTEHLUNHI iHriGiTopn LLOIM-2.

EkcnepumeHTanbHy Bepudikalilo NporHo3y npotmaanasnbHOi Ta aHanre3ytyoi akTMBHOCTI MOXigHMX
6eH3oncynbdoHamigy 6yno NnpoBeaeHo Ha Npukagi HanakTUBHILLIOT CNonyku 4 a 3 BUKOPUCTaHHAM Binnx
mMuwen i wypis. NpoTusananbHy akTUBHICTL CNOAYKM 4 a AOCAiAXKyBann Ha Mogeni KapareHaHOBOro
HabpsKy, a aHTUHOUMLENTUBHY Ailo Ha MoZeni BicuepasbHoro 600 Ta 601bOBOI peakuji, iHayKoBaHOT
kapareHaHoM. [MopiBHAMNbHI fochioxeHHs cnonykn 4 a 3 LIK no3BonsioTe nependaynTu, Wo OAnH 3 Mexa-
Hi3MiB npoTmM3ananbHoi Aii noxigHux 4-amiHo-N-(4,5,6,7-TeTparigpo-3H-a3eniH-2-in)-6eH3eHcysb-
doHamigis moxe ByTK peanisoBaHuin WsSxoM B3aemogii 3 LLOIM-2. OTpumaHi faHi € CBig4eHHsIM nepcnek-
TMBHOCTI NOLLYKY aKTUBHUX CMOMYK 3 BAACTUBOCTAMM iHribiTopis LLOIM-2 y 3a3HayeHoMy XiMiYHOMY pagy.

Knro4oBi cnoBa: iHribitopu umknookcureHaau-2, noxiaHi 4-amiHo-N-(4,5,6,7-tetpariapo-3H-a3eniH-
2-in)-6eH3eHcynboHaMInIB, MONEKYISPHUY JOKIHI

C. A. lemyeHko, A. KO. Barnaii, A. E. SenuHckasi, H. H. CepeaunHckas,

O. E. Signoeckwii, T. A. ByxTnaposa, J1. C. Bo6koBa, A. M. JlemyeHko
CuHTe3 Npon3BogHbIX 6eH30ncyNnbdoHaMuaa u U3y4eHne Ux CPoACTBa K
LMKNOOKCUreHase-2 MeTof0M MOJIEKYJISIPHOIO AOKUHra

CornacHo coBpemMeHHbIM NnpeacTaBieHnsaMm, MHrmouupio LIOM-2 paccmartpuBatoT Kak OAuH U3 BaxKHeN-
LUMX MEXAHN3MOB MPOTUBOBOCTANNTENBHO aKTUBHOCTM HECTEPOUHbIX MPOTMBOBOCMANUTENIbHBLIX CPEACTB
(HMBC). Noatomy nomck Hoebix HIMBC, cenekTnBHbIX K LIOM-2, ABNSeTCS 04eHb akTyanbHOM 3afa4en.

Llenb nccnenoBaHns — CUHTE3MPOBATb M OLLEHUTb NOTEHUMasibHoe CpoAcTBO K LIOM-2 nponsBoaHbIX
4-amnHo-N-(4,5,6,7-TeTparnapo-3H-asenunH-2-un)-6eH3oncynbdoHaMmmnaa B CpaBHEHUM C LENIeKOKCUOOM
(LLK) — n3BecTHbIM cenekTMBHbIM MHrmbutopom LIOIM-2 Ha aTane nepBMYHOIrO MOJSIEKYISPHOIO AOKMHIa.

KnnsayeHnem akBUMONSIPHBIX KOJIMYECTB 2-meTokeun-3,4,5,6-TeTparnapo-7H-asenvHa n 4-aMmmHo6eH-
3oscynbdoHaMmmaa B Toslyone cuHTeampoBaH 4-amuHo-N-(4,5,6,7-teTparnaopo-3H-azennH-2-un)-6eH-
3oncynbdoHamua,. danbHenwen moguoukaumen KOHEYHOM aMUHOTPYMNMnbl CUHTE3MPOBaHbI COOTBETCTBY-
lowme aumn-(4 a-c) n apomnnponsBogHele (5 d-h).

Moka3aHo, 4TO BCE COEAMHEHMS MOKasann XOpOoLlUMe 3HaYeHUss CBOBOAHOW SHEPrumn CBS3bIBAHMUS C
cantamum LLOI-2. Tak, 6a3oBas Mmonekyna 3 n coeguHeHnst 4 a-c 3aHNMAaIOT MOSIOXKEHUS B HULLE, KOTopast
aBnsieTcs xapaktepHoi ans LK. Vix MuHMManbHas cBo60aHas 3HEprusi CBs3bIBaHNSA HAXOAMUTCS B 061acTu
oT -8,6 kkan/monb Ao -9,3 Kkan/Mosb, 4TO AaeT 060CHOBaHME UCCeA0BaTb 3TV COeAVNHEHNS Kak NOTeH-
umasnbHble MHrMbuTopbl LLOM-2.

JkcnepumeHTanbHas Bepndurkaumnsa NporHo3a NPoTMBOBOCTNANINTENIBHOM N aHaNbre3npyoLLeN akTUB-
HOCTM Gbliia NpOoBeAEeHa Ha NPUMEpPE CoeanHEHNs 4 a C NCMOJIb30BaHNEM BebIX MbllLeit 1 Kpbic. MpoTu-
BOBOCMNANNTENIbHYIO akTUBHOCTb COeAMHEHNs 4 a nccnenosanv Ha MOAEN KapapareHaHoBOro oTeka, a
AHTMHOUMLENTUBHYIO aKTUBHOCTb — HA MOJENN BUCLLEpPasibHOro 60/1eBOro cuHapoma 1 60nu, MHAyuMpo-
BaHHOW BBeAEHMEM kappareHaHa. CpaBHUTENbHbIE NCCNeAoBaHUS coeanHeHns 4 a ¢ LIK nann Bo3amox-
HOCTb Mpepnonaratb, YTO OAMH U3 MEXaHW3MOB MPOTUBOBOCMAIUTENILHON aKTUBHOCTU MPOU3BOAHbIX
4-amnHo-N-(4,5,6,7-TeTparnapo-3H-aszenunH-2-un)-6eH3eHcynbdoHammuaa MoxeT ObiTb peanvMsaoBaH
nytem B3ammogencteus ¢ LLOM-2. MNonyyeHHble pedynbTaTtbl ABASIOTCS CBUAETENLCTBOM NEPCNEKTUBHO-
CTV NOUCKAa aKTMBHbIX COeAMHEHWNI CO CBOMCTBaMU NHIMOUTOPOB LIOIM-2 B yka3aHHOM XMMUYECKOM Psay.

KntoueBbie croBa: MHrMbUTOPbI LMK/I00KCUreHasbl-2, npoun3BoaHble 4-ammuHo-N-(4,5,6,7-TeTparugpo-
3H-azenuH-2-u)-6eH30scynbGoHamuaga, MOEKYIsPHbIA JOKUHI

S. A. Demchenko, A. Yu. Baglay, A. E. Zelinskaya, N. N. Seredinskaya,
O. E. Yadlovsky, T. A. Bukhtiarova, L. S. Bobkova, A. M. Demchenko
Synthesis of benzenesulphonamide derivatives and study of their affinity
for COX-2 by the molecular docking

According to modern views, COX-2 inhibition is observed as one of the most important mechanisms of
anti-inflammatory activity of non-steroid anti-inflammatory drugs (NSAIDs). This is why search for new
NSAIDs selective to COX-2 is a very relevant task.

The aim of the research is to synthesize and study an affinity of 4-amino-N-(4,5,6,7-tetrahydro-3H-
azepin-2-il)-benzenesulphonamide derivatives to COX-2 receptor compared with celecoxibe — known
selective COX-2 inhibitor on the stage of primary molecular docking.

34 ®apmakonoris Ta nikapcska Tokcukonoris, Tom 14, No 1/2020
ISSN 2227-7943. Pharmacology and Drug Toxicology, 2020, 14 (1), 24—35



By boiling equimolar quantities of 2-metoxi-3,4,5,6-tetrahydro-7H-azepine and 4-aminobenzolsul-
phonamide in tholuene, 4-amino-N-(4,5,6,7-tetrahydro-3H-azepine-2-il)-benzolosulphonamide was
synthesized. By further modifications of final amino group, corresponding acyl-(4 a-c) and aroil deriva-
tives (5 d-h) were synthesized.

There were indicated, that all compounds showed good values of affinity to cyclooxygenase 2. The
basic molecule 3 and compounds 4 a-c occupy position in niche, which characterizes celecoxibe. Their
minimal free binding energy is located between -8,6 kcal/mol and 9,3 kcal/mol, which gives a basis to
evaluate these compounds as potential COX-2 inhibitors. Experimental verification of anti-inflammatory
and analgesic activity forecast was conducted on example of compound 4 a, using white mice and rats.
Anti-inflammatory activity of compound 4 a was researched on carrageenan model and antinonciceptive
activity — on model of visceral pain syndrome and carrageenane induced pain. Comparative study of 4 a
compound and celecoxibe gave possibility to assume, that one of the mechanisms of anti-inflammatory
activity of 4 amino-N-(4,5,6,7-tetrahydro-3H-azepin-2-il)-benzensulphonamides derivatives can be real-
ized by interaction with COX-2. The results obtained indicate the prospect of searching for active com-
pounds as COX-2 inhibitors in pointed chemical range.

Key words: cyclooxigenase 2 inhibitors, 4-amino-N-(4,5,6,7-tetrahydro-3H-azepin-2-il)- benzolosul-
phonamide derivatives, molecular docking
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