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NMPOTUBOA3BEHHAA AKTUBHOCTb ANHUTPATA
2-OEHUN-9-ANITUNAMUHOITUNNMUAASO[1,2-A]BEH3UMUOASONA
NPU TENNKOBAKTEPONOAOEHOM NOBPEXAEHUU CIU3UCTOMN
OBOJIOYKU KENYAKA

M.B. Yepnuxos, M.A. Ozanoea, A.C. I'epacumenxo, E.A. Apmemoves

Ilamueopckuil meouko-papmayeemuyeckuu uncmumym — gunuan @IBOY BO Borel MY Munzopasa Poccuu,
357500, e. [Iamueopck, np. Kanununa, 11

Touck HoBbIX 1EKAPCMBEHHBIX CPEOCmS, 06eCnedu8alowux dPOeKmusHyIo 1 6€30NACHYI0 Mepanuio KUCI0mo-
3A6UCUMBIX 3A00T16AHULL JHCETYOOUHO-KULUEUHO20 MPAKMA, NPOOOINCAEH OCHABAMbCS AKMYANbHOU NPOOIEMOU CO-
spemennou papmarxomepanuu. OOHUM U3 HAUOOLEE 3HAUUMBIX NAMOSEHEMUUECKUX MEXAHUSMO8 PA36UMUS OAHHbIX
3abonesanuil sgnsemcs, accoyuuposanroe ¢ Helicobacter pylori, nospesicoenue causucmoii obonouxu scenyoxa. Ie-
bI0 OAHHO20 UCCLE008AHUSL ABUNOCH IKCHEPUMEHMATbHOE UyYeHue NPOMUBOA36eHHOU AKMUBHOCMU CYOCMAanyuU
2-gpenun-9-ousmunamunosmurumuoaso [1,2-a] benzumuoazona (Oanee cybcmanyus, npouzso0Hoe OeH3uMudazona)
Ha Mooenu 2enuKobakmeponododHo20 NOBPENCOCHUst CAUSUCIIOU JHCENYOKA 6 COYeMAaHUU C UMMOOUTUZAYUOHHBIM
cmpeccom. Mamepuanst u memoowl. [{jist MOOENUPOBAHUS NOBPENCOEHUS CAUSUCTION 0OO0IOUKU IKCNEPUMEHMATbHBIM
arcusomHuim (benvie kpovicvl-camyvl aunuu Wistar) egoounu 120 mmons/n pacmeopa ammuaka nocie 24-4acoozo um-
Mobunusayuonnoz2o cmpecca. B kauecmee npenapamog cpagnenus ObLiu 6610panbl OPUYUHATbHBIE NPOMUBOS3E6EHHbIE
cpeocmea, WUpoKo npUMeHsieMble 8 KIUHUYecKol npakmuke: panumuoun (30 me/ke, 10 me/ke u 3 me/ke) u omenpaszon
(3 me/ke, 1 me/ke u 0,3 me/ke). HUzyuaemoe coedunenue ucnons308anoce 6 003ax 30 me/ke, 10 me/ke u 3 me/ke. Maxcu-
ManbHble 003bl NPENAPAMos CPAGHEHUs PACCHUMBIBAIUCH UCXOO0SI U3 MAKCUMATLHOU CYMOUHOU 003bl 0151 4el08eKd C
VUEmMOM MeNC8U006020 Ko Guyuenma nepecuema. Maxkcumanvhas 003a ucciedyemozo seuecmed ovlia no0oopana
oKchepumenmanvio. Jlns yoobecmea oanvreliwux pacuemos suavenus ED 611 ucnonssosean noaapugmuieckuii Ou-
anason 003. Bce uccnedyemvle 06vexmovl 6600UNUCH HYMPUICETYOOUHO C ROMOWbIO ampasmamuyno2o 3010a. Pe-
3ybmamol u 00Cyycoenue. Ycmanosneno, umo uzyiaemas cyocmanyus 00Cmo8epHo OMHOCUMENbHO KOHMPOIbHbIX
BHAYEHUT CHUMICANLA NIOWAOb NOBPENCOCHUs. CIUSUCOU 0DOIOUKU NPU MOOCIUPOBAHUU 2eIUKODAKMEPONOO0OHO20
nO8pedNcOenUs, CHPOBOYUPOBAHHO20 66E0CHUEM PACTNEOPA AMMUAKA HA (hOHe UueMuu CIU3UCMOU JHcernyoKa nocie
24-uacosoti ummodunuzayuu. Ilpu smom, 6 2pynnax JHcu8OMHbIX, NOIYUAGUIUX NPOU3EOOHOE DeH3UMUOa301a 6 do3e 30
Me/ke, uneubuposanue obpazosanus 3pozuii docmueno 78%, 6 mo epems Kak 6 epynnax, nOIy4asuUx paHumuouH u
omenpason 66% u 50% coomeemcmeenno. Pacuemnvie snavenus ED , Ons usyuaemori cybcmanyuu cocmasunu 16,03
me/ke, a ons panumuouna — 15,99 me/xe. 3axnouenue. Ionyuennvie pe3yiomamsl cUOEmMenbCMEYIOm 0 MoM, 4mo
uzyuaemoe npou3eooHoe DEeH3UMUOA301a NPesOCXOOUm aHAL02U NO CHOCOOHOCMU NOOAGIANMb UbA3GIEHUE CIU3U-
Ccmotl dicenyoKa, CnpoBOYUPOBAHHOE 2eNUKOOAKMEPON0O0OHbIM 6030€UCmMBEUEM, YMO NOOMBEEPHCOAent AKMYaIbHOCHb
danvHetuezo Uccied08anus. RPOMUBOSA36eHHOU AKMUBHOCHIU U PA3PAOOMKU 20MOBOU 1eKAPCMEEHHOU (OpMbl HA €20
ocnose.

Knrouesvie cnosa: 2-penun-9-ousmunamunosmunumudasof1,2-a] benzumuoason, npomueosseennoe delicmsue,
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ANTIULCER ACTIVITY OF DINITRATE 2-PHENYL-9-
DIETHYLAMINOETHYLAMINE[1,2-A]BENZIMIDAZOLE
WITH HELICOBACTER PYLORI-LIKE DAMAGE OF GASTRIC MUCOSA
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The search for new drugs providing effective and safe therapy of acid-dependent diseases of the gastrointestinal
tract, continues to be an actual problem of modern pharmacotherapy. One of the most significant pathogenetic mech-
anisms of these diseases is associated with Helicobacter pylori damage to-the gastric mucosa. The aim of this study
is the experimental investigation of the antiulcer effect of 2-phenyl-9-diethylaminoethylamine [1,2-a] benzimidazole
substance (hereinafter a Benzimidazole derivative substance) on the model of Helicobacter pylori-like gastric muco-
sal injury in combination with immobilization stress (a restraint). Materials and methods. For modeling a mucous
membrane damage to experimental animals (white Wistar male rats), they were injected 120 mmol/l ammonia solution
after a 24-hour immobilization stress (restraint). As reference drugs, the following officinal anti-ulcer drugs widely
used in clinical practice, had been chosen: Rranitidine (30 mg/kg, 10 mg/kg and 3 mg/kg) and Omeprazole (3 mg/kg,
1 mg/kg and 0.3 mg/kg). The study substance was used in the doses of 30 mg/kg, 10 mg/kg and 3 mg/kg. The maximum
doses of the reference drugs were calculated on the basis of maximum daily doses for humans, taking into consider-
ation the interspecies conversion factor. The maximum dose of the substance under study was selected experimentally.
The logarithmic dose range was used for the convenience of further calculations of the ED;, value. All the studied ob-
Jects were introduced intragastrically through a non-traumatic tube. Results and discussion. It has been established
that the studied substance significantly reduced the area of mucosal damage relative to the control values in modeling
Helicobacter pylori-like gastric mucosal injury provoked by the administration of ammonia solution against the back-
ground of gastric mucosal ischemia after a 24-hour restraint. At the same time, the inhibition of ulceration reached
78%, while in the groups receiving Ranitidine and Omeprazole, it reached 66% and 50%, respectively. The calculated
ED,, values were the following: for the substance under study — 16.03 mg/kg, and for Ranitidine — 15.99 mg/kg. Con-
clusion. The gained results indicate that the studied Benzimidazole derivative is superior to analogs in its ability to
suppress gastric mucosal ulceration provoked by Helicobacter pylori-like gastric mucosal injury, which confirms the
relevance of further study of anti-ulcer activity and the development of the pharmaceutical dosage form based on it.

Keywords: 2-phenyl-9-diethylaminoethylamine[1,2-a] benzimidazole, antiulcer effect, Helicobacter pylori-like

ulcer

BBEJEHME. N3ocTtepHOCTh OCH3MMHIA30IHHOTO
siapa ¢ nypuHoBbiMU ocHoBaHusiMu JIHK, a Takxke ero
NPUCYTCTBHE B CTPYKType BUTamuHa B, ,, oOyciapmu-
BaeT €My pOJIb IPUBHIIETHPOBAHHON CTPYKTYpHI C TOU-
KM 3pEHUsl pa3pabOTKW MOJEKYJI C TepareBTUUECKUM
cBotictBamu [ 1, 2]. CiekTp OHOIOTHYECKOH aKTHBHOCTH
MIPOM3BOHBIX OCH3MMMAA30JI0B BKIIIOYACT MPOTHBOBHU-
pycuyto [3], mpotuBorpudOKoByr0 [4, 5], aHTUMHKPOO-
Hy[0 [6], mpoTHBOpaKkoByro [7, 8], aHTUTCIEMUHTHYIO
[9], aHampreTHYecKy0 M KapormoHmKaromyro [10, 11],
aaTHaadeTndeckyto [12], antunporozoiinyro [13], an-
THOKCHAAHTHYIO [14], mpOTHBOKOHBYIBCHBHYIO [5, 15],
AHTHIICUXOTHYECKYO [ 16], mpoTuBosi3BeHHYTO [17], TIpo-
THBOTYOCpKyne3nyto [ 18], anectesupyromyro [19] u ap.
BHIbI aKTHBHOCTH.

Kak n3BecTHO, O/1HOH M3 HanboJiee YaCThIX TPUIUH
BO3HHMKHOBEHHS 3PO3MBHO-SI3BCHHBIX JIC(PEKTOB CIN3HU-
CTOH 00O0JIOUKH SABJIAETCS TPaMOTPHUIIATEIbHAS aHAIPOO-
Has manouka Helicobacter pylori [20]. Dra Oakxtepus
obnaaeT ypeasHoH aKTHBHOCTBIO. Ypeas3a MpeBpalact
MOYEBHHY B aMMHAK, KOTOPBIH HEUTPAIN3yeT COJSIHYIO
KHCJIOTY, BBI3BIBas MECTHOE OILEJIAYMBaHKE, CIOCO0-
CTBYIOIIEE TIEHETPAlMK OaKTEpUH BIIYyOb CIM3UCTOM
00O0JIOYKH CKBO3b 3aIUTHBIN CIM3UCTHIN Oapbep. AMMU-
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aK, B CBOIO o4epesib, pasnpaxaer G-KICTKH, BbIpadarhbl-
BAIOIIME TacTPUH, CTUMYIUPYIOIHN BBIPAOOTKY COJIS-
HOM KUCIOTHL. YacTh OakTepuii MPOHUKACT B CIIH3UCTYIO,
paspylias MeXdIUTeNHaTbHbIe KOHTAKTBI, BbI3bIBas
mucTpodrio U aTpouio KIETOK 3a c4eT cBoed docdo-
JIMINIA3HOW aKTUBHOCTH. Pa3pylieHue 3aluTHEIX OeiKo-
BBIX KOMIIOHEHTOB M MYIIMHA CIIOCOOCTBYET MPOHHKHO-
BEHHUIO OaKTEpHii BIIyOb CIIU3UCTOM XxKemyaka, GopMUpyst
SI3BEHHBIC JIe(DEKThI. AMMHUAK BBI3BIBACT MOBPEKICHHE
D-kJi1eToK, BBIpa0aThIBAIOIIMX cOMaTtocTaTuH. [Ipu saToM
BBIOPOC racTpHHA, PEryITUPYEMBIil COMaTOCTAaTHHOM, TIe-
pecraeT KOHTPOIUPOBATHCS, YTO, B HTOTE, eie OobIe
YCHUIIMBACT BBIPAOOTKY COJITHON KUCIOTHI [21].

Ha ¢one BoznevictBus Helicobacter pylori B mon-
CITM3HCTOM clloe (OPMHpPYETCsS BOCHAIHMTEIbHBIN HH-
(buIBTpaT, MPOMCXOJUT HEKPO3 JIHTENHs ¢ 00pa3oBa-
HHEM SI3BEHHOTO Ne(peKTa, a racTPHH-ONOCPET0BAHHAS
THIEPCEKPEIUs CONSIHOW KHCIOTBI 00ECHEUYHBACT €ro
mporpeccuro [22].

Onuoit M3 Haumboiee pacnpoCTPaHEHHBIX METO-
JMK MOJCITUPOBAHHS T'eIHMKOOAKTEPONOIOOHBIX SI3BCH-
HBIX TIOBPEXKICHUH SBISETCS MOHOXJIOPAMUH-HHIY-
LUpPOBaHHAS s3Ba, TaK KaK MOHOXJIOPaMHH OBICTDPO
pacmajmaercs 10 aMMHaKa, BO3ICHCTBHE KOTOPOTro Ha
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CJIM3UCTYIO 00O0JIOUKY JKEIyIKa CIY’)KUT OCHOBHBIM Ia-
TOTeHETHUCCKUM 3BeHOM Helicobacter pylori, accoiu-
MpOBaHHOTO s3BooOpazoBanus. Tak xax Helicobacter
pylori, kKak IPaBUJIO, BBI3BIBACT PA3BUTHE SI3BCHHBIX JIC-
(dekToB Ha (pOHE CHUIKCHHUS MPOTEKTOPHOTO JCHCTBHUS
CIM3UCTO-OMKapOOHATHOTO Oaphepa, Hamboliee YacTo
OMOCPEIOBAaHHOTO HIIIEMHYECKHUMH COCTOSHUSMHU, OfI-
HOW M3 METOJMK T'eJIMKOOAaKTEepOIo00HO! SI3BBI OBLIO
MOJICTUPOBAaHUE Je(PEKTOB CIM3HCTON IPH BBEICHUH
aMMuaka Ha ()OHE OCTPOIl UIIIEMUH, BEI3BAHHOU CHIDKE-
HUEM CHCTEMHOTO 00beMa LUPKYJIUPYIOUIe KPOBH 3a
CUET KPOBOITYCKaHMs M3 COHHOH aprepuu. JlanHas me-
TO/MKA ITO3BOJISIET JIOCTHYb BEICOKOI BOCIIPONU3BOIUMO-
CTH, OJTHAKO COTPSIKCHA C XUPYPTUICCKUMHU MAHUITYJIS-
LUSMU, YTO YBEINIUBACT TPYJOCMKOCTh M PHCK THOCTH
KUBOTHBIX [23, 24]. B cBs3u ¢ 3TUM OblIa IpeIoKeHa
Monu(pUKALUs METOANKH MOJICIUPOBAHUS TeIHMKOOaK-
Teporoo0HO! S3BBI C MCIIOJIB30BAHNEM MMMOOMIIN3a-
LIMOHHOTO CTpecca B KaueCTBE IPOBOIMPYIOLIETO UIlle-
MHYECKOro (hakropa.

HEJIb HCCIEJOBAHUSA. DxcnepuMeHTalb-
HOE MCCJIEJI0BaHUE MPOTHUBOS3BEHHOW aKTHBHOCTH CyO-
cTaHIuu 2-heHWI-9- I THIaMHUHOITHINMIIA30 [1,2-a]
OeH3UMHKIa30/la Ha MOJENU TeINKOOaKTeponogo0HOro
TTOBPEKICHHS CIIM3HUCTOH JKEITy/IKa B COUETaHHH C HIMMO-
OMIM3AIIOHHBIM CTPECCOM.

MATEPHUAJIBI U METOIBbI. 2Kusomnuie. Vic-
ciieioBaHue (hapMaKkoJIOrHYeCKO aKTUBHOCTH OBLIO BbI-
MOJTHEHO Ha ayTOpeiHBIX Kpbicax-camuax Wistar (Bo3-
pact 10-12 nenens) Becom 180,0-250,0 1. Pa3z6poc mo
HCXOITHOM Macce )KHUBOTHBIX B TpyIe He npesbimai 10%
[25].

VYenoBust cofepKaHusl KUBOTHBIX COOTBETCTBOBAJIH
TpeOOBaHUSAM MMOCTAHOBJICHHsI [ JTaBHOTO TOCYNapCTBEH-
Horo caHuTapHoro Bpada P® or 29.08.2014 NeS1 «O6
yrBepxkaeruu CII 2.2.1.3218-14 «CanutapHo-3nuaeMu-
0JIOTUYECKUE TPEOOBAHUS K YCTPOHUCTBY, 000PY/I0BaHHIO
U COIEPXKaHHIO OKCIEPUMEHTAIBLHO-OMOIOTMYECKUX
KJIMHUK (BUBapUEB)».

MaHuyJSIMMA ¢ 9KCIICPUMCHTATBHBIME  JKHUBOT-
HBIMHU BBITIOJIHSUTMCH B COOTBETCTBUHU C OOIICTIPUHATHI-
MM 3THYECKHUMHM HOpMaMH, NMPUHATHIMUA EBponerckoit
KoHBeHIHelH MO 3aluTe MO3BOHOYHBIX JKUBOTHBIX, HC-
MOJIb3YEMBIX JJIsl SKCIICPUMEHTAIBHBIX U UHBIX HAYYHBIX
ueneit (1986) u ¢ yaerom MexayHapoqHbIX peKOMEH/1a-
uuit EBporneiickoli KOHBEHIIMH 10 3allUTe TO3BOHOYHBIX
JKUBOTHBIX, HCIOJIb3YEMbIX MpPU IKCIEPUMEHTAIbHBIX
uccienoBanusx (1997) [26, 27].

Husaiin uccnedosanusn. OueHka NpOTHUBOS3BEHHOTO
JEWCTBHS U3y4aeMOi CyOCTaHIIMK POBOMIIACH B 103aX
3 mr/kr, 10 mr/kr u 30 mMr/kr. B kauecTBe 00BEKTOB CpaB-
HEHUsI OBUTH UCIIOIB30BaHbI CyOCTaHIus oMerpasoia 0,3
mr/kr, 1 mr/kr u 3 mr/kr (Sigma Aldrich, CILA), cy0-
cTaHnus panutuauHa 3 Mr/kr, 10mr/kr u 30 Mr/kr (Sigma
Aldrich, CILIA).

MaxkcuMasbHBI 00BEM JUISI BHYTPHIKEIYIOYHOTO
BBEJICHUS KPbICAM HE TPEBBIMIAT 3 MJI JUIS JKABOTHBIX
maccoii 10 200 1, 5 mut miis sxuBoTHEIX 0T 200 10 240 T 1
6 M1 JUTs )KUBOTHBIX Maccoit 6onee 240 .

C 1enbIo CHU)KEHHUS! aKTUBHOCTH 3aIIIUTHOTO CIIU3H-
CTO-OMKapOOHATHOTO Oapbepa ObLT UCIIOIB30BAaH UMMO-
OMIM3alMOHHBINA cTpecc (24 Yaca) ¢ MPUHYIUTEIBHBIM
BBejieHHEM BObl. Uepe3 24 yaca MMMOOMIM3AIMH KHU-
BOTHBIM BBOJMJIM PacTBOp aMMHaka B KOHIEHTPALUH
120 Mmomb/11.

B Xome sKcneprMEHTalIbHOTO HCCIIEAOBAHUS JKH-
BOTHBIE OBUTH paszeseHsl Ha 4 rpynmbl o 10 ocobei B
kaxaoi. KoHTponpHas rpymmna noiryyaina pacTBOp aMMH-
aka (120 mMomb/i1) u3 pacuera 1 M Ha 100 T BHyTpHOKe-
JIIOYHO OfHOKparHo. M3ydaemoe mpousBopHOe OeH3H-
MUJ1a30J1a M TIperiapaThl CpaBHEHHsT BBOIWINCH 3a | yac
JI0 BBEICHHs pacTBOpa aMMHaKa B OIBITHBIX IPyIIax.
DOBTaHa3UI0 KMBOTHBIX IPOBOJMIIM Yepe3 2 yaca Iocie
BBEJICHHS PacCTBOpa aMMHaKa.

Onpeoensemvle nokazamenu. J1Jis OICHKU TSHKECTH
MOBPEXK/ICHHUSI TPU HCCIIENOBAaHUN IPOTHBOSI3BEHHOTO
JCUCTBHSL TIPH MOJICITUPOBAHUN BCEX I1aTOJOTMYECKUX
COCTOSIHUH ITPUMEHSUIN cucTeMy OanioB [28].

B xa«10# rpyIimne mojgcyuThIBAIOT CyMMY OaJlIoB, U3
KOTOPOH BBIBOJIMIIN CPEIHIOI apu(pMETHUECKYIO BEJH-
YHHY, XapaKTEepU3YIOIIYI0 CPEIHIOI0 CTEIICHb M3bs3BIIe-
HUSI B TPYIIIIE.

Kpome TOTO, B IpyIIe pacCUUTHIBAIOT HHACKC H3b-
sizeieHust (). B mHIekce U3bsA3BICHHUS OTPAXKEHBI KaK
MIPOLICHT YaCTOTHI )KUBOTHBIX C SI3BaMH, TaK M CTEICHb
JUCTPOQHUIECKNX HAPYIICHUH B KETyIKe.

Cmamucmuueckana  obpadomka. IlomyueHHbIE
9KCIIEPUMEHTAIIBHBIC JIaHHBIC aHAJIN3UPOBAIHMCH C HC-
MOJIb30BAHUEM METO/Ia BapHAIIOHHOW CTAaTHCTHKH. B
UTOTOBBIX TaOJIMIIAX TPEJCTABICHBI CPEJAHUE 3HAYCHUS
o rpynre (M) u craniapTHas ommOKa CpeHero 3Have-
Hust (m). MeXrpynnoBble pa3indus aHAIN3UPOBAIHCH C
MOMOIIIBIO0 HeNapaMeTpuuecKoro kpurepus — U-kpure-
puit Manna—YutHu. Paznuuus onpeaensiaucs npu 0,05
ypoBHE 3HaYMMOCTH. J{JIsi cTarucTuueckoil 00padoTKH
pe3yabTaTOB MCHOJB30BAIM MAKeT rporpamm «StatPlus
2009».

PE3VJIBTATBI U OBCYXJEHHUE. C uensto
OLEHKH (P(PEKTUBHOCTH COYETAHUSI MMMOOMIM3aIMOH-
HOTO CTpecca W BO3JCHCTBHS pacTBOpa aMMHUaka IpH
MOJICJIMPOBAHUH 3PO3UBHO-SI3BEHHBIX JE(EKTOB CIHM3HU-
CTOM, ITPE/IBAPUTEIBHO OBIIIH MPOBEICHBI SKCIIEPHMEHTHI
10 M3YyUYESHHUIO BIMSHUS 24-4acOBOTr0 MMMOOMIIN3AINOH-
Horo cTpecca (0e3 BO3IACHCTBUSI pacTBOpa aMMHaka) M
BO3JICHCTBHS pacTBOpa aMMHuaka 0e3 NpeBapUTeIbHOM
MMMOOWIIM3AIIMM  KaK HE3aBUCHUMBIX YJIbIIEPOTCHHBIX
¢axropoB. IlomyueHHbIe pe3yibTaThl MOKa3aid, YTO B
CIIM3UCTON JKEIyJKa HEKOTOPBIX XHMBOTHBIX (20-30%)
HaOJNIONAIINCh  HE3HAYMTENIbHBIC TOBPEKACHHS, KO-
TOPBIMH, B IEJIOM, MOXXHO OBIJIO NpeHeOpeyb, Kak He
BIIMSIIOIIMM Ha CTaTHCTHYECKHE PacdeThl MpPU OIICHKE
KOMOWHHMPOBAHHOTO XWMHYECKOTO M CTPECCOr€HHOIO
BO3ACHCTBHSL.

Coueranne MMMOOMIM3AIIMOHHOTO CTpecca C BBe-
JICHUEM PacTBOpa aMMHaKa CIIOCOOCTBOBAJIO PA3BUTHIO
9PO3MBHBIX TOBPEXKICHUI CIM3HCTOM, IJIOMAAb KOTO-
peix konebanacy ot 20 mo 170 mm?/kuBoTHOE (puc. 1).
Bocnpoussogumocts Metosa cocrasmia 90—-100%.
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Pucynox 1 — Maxpoghomozpaghuu KoHmponvHoil 2pynnot HcUuOMHBIX, ROAYUAGUIUX PACHEOD AMMUAKA
120 mn/100 2 6 couemanuu ¢ UMMOOUTUZAUUOHHBIM cpeccom (macumad 1:1)

[IpodmmakTudeckoe BBeIECHNE U3ydaeMOil CyOcTaH-
WU, PAaHUTHIMHA W OMEIpa3ojia B YKa3aHHBIX 033X
CII0COOCTBOBAJIO CHIYKEHHIO KOJIMYECTBA U IUIOMIAAN 00-
Ppa3yIONINXCsI IPO3UBHBIX ME(PEKTOB TOCTOBEPHO OTHOCH-
TENBHO KOHTpOJs. M3ydaemas cyOcTaHINSA, paHUTHINH
¥ OMEMPa30Jl MPOSBHUIIH 10303aBUCUMBIN IIPOTHBOS3BEH-
HBII AQQEKT Ha TAaHHOI MOJENH MTaTONIOTHH.

Hcnonb3oBanue faxe MUHUMAIIBHBIX 103 U3y4aeMOM

CyOCTaHITNH, pAaHUTHAWHA ¥ OMETIPa30Jia CII0COOCTBOBAIIO
CHIDKEHMIO IUIOIIAZEeH MOBPEKIACHUS CIM3UCTOM MOYTH
B 3 pasa. Beexenme cyOCTaHIINM TPOM3BOAHOTO OCH3MU-
Muzazona B 1o3ax 10 mr/xr u 30 Mr/kT, cyOocTaHIum pa-
HUTHAMHA B 103aX | MI/KT U oMenpasona B 103€ 3 MI/KT
OMEIIpa3oJia CroCOOCTBOBAIO CHIKEHHUIO 30H CIIM3UCTOM
000JIOYKH ¢ 3pO3UBHBEIMHE AedekTaMu B 5—10 pa3 oTHOCH-
TENBFHO KOHTPONBHBIX 3Ha4eHnH (Tali. 1, puc. 2).

Taonuya 1 — Maxkpockonuueckuil aHaau3 6IUAHUA CYOCMANYUL RPOU3BOOH020 DEeHIUMUIA301A
Ha cU3UCMYIO 00010UKY JHcelyOKa RPpU 66e0CHUU PACMEOPA AMMUAKA 8 COYeMaHuu
C UMMOOUUZAUUOHHBIM cmpeccom (Kpbicbl-camybl), n=10, M+m

ITnowans 3po- IIpoueHT xu- Tpouent
CHIDKEHUS
3UBHOIO I10- BOTHBIX C 3PO- Hunekc
Crenenn HMHJEKCA U3b-
BemectBo Ho3za BPEKJICHUS 3UBHBIMU I10- U3bS3- o
) HU3bS3BIICHUS si3BrieHust (%)
(MM?/5KHBOT- BPCKICHUIMHU BIIEHUS
OTHOCHUTEIBHO
HOE) B TpyIITIe
KOHTPOJISI
Konrpomabnas mra Pactsop
p Py aMMuaKa 100,3+23,5 100% 3,8840,13 | 3,80 -
SKABOTHBIX
120 MMOIIB/JT
Tpoussonsoe 3 Mr/kr 38,0+7,3* 100% 3,20£0,29% | 3,20 16
OeH3MMHU1a3051a
Tpoussoatoe 10 Mr/xr 19,95+7,6* 80% 2,60+0,50% | 2,08 45
OeH3uMHKIa301a
Hpoussoxtoe 30mr/kr/ | 15,85+6,19% 60% 1,40+0,45% | 0,84 78
OeH3uMKIa30J1a
Panntuoun 3 mr/kr 30,3+5,9* 100% 3,00+0,33 3,00 21
Panutugun 10 mr/kr 15,9+6,4* 80% 2,10+£0,41%* 1,68 56
Panntnaun 30 mr/kr 8,642, 1% 80% 1,60+0,34%* 1,28 66
Owmenpason 0,3 mMr/kr 44,4+10,1* 100% 3,30+0,30 3,30 13
Owmempa3zon 1 mMr/kr 25,7+£8,9* 90% 2,20+0,44* 1,98 48
Owmenpason 3 mr/kr 13,5+4,8* 90% 2,10+0,48%* 1,89 50

Tpumeuanue: * — docmogepnocms omnocumenvro konmpons P<0,05
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[Tpu 5TOM HOCTOBEPHBIX OTIMYHMHA Mex1y dddex-
TaMU U3ydaeMoOW CcyOCTaHIMU TPOU3BOJHOIO OCH3MU-
MHJla30ja U MpenaparoB CPaBHEHMs MO IMOKa3aTeNo
a0COJIIOTHBIX 3HAYEHHWH CPEAHMX IUIOLIanel Mmopaxe-
Husl He 3adurcupoBaHo. ONHAKO NPHU OLIEHKE MPOTHU-
BOSI3BEHHOM aKTHUBHOCTH M3yYaeMbIX COCAMHEHH,
Hapsy C NOKa3zaTeasiMHU IJIoINaael dpO3UBHOIO IO-
BpEXJIEHUS, BAXKHYIO pOJb HMrpaeT 4actora (HhopMu-
pOBaHUA 3PO3UN B TPYMIE KUBOTHBIX, TOJBEPTIINXCS
BO3JIEHCTBHIO yiblieporeHHoro ¢akropa. Tak, B rpym-

1

e >KMBOTHBIX, MOJYYaBIIMX NPOU3BOIHOE OCH3UMU-
nazona B o3e 30 MI/KT, 4acToTa MPOSIBICHUS SPO3UB-
HBIX JgedekroB Obuta Ha 20% HMXKe, YeM B IpyIIax,
MOJTy4aBUIMX PAaHUTHIUH B 03¢ 30 MI/KT 1 OMenpason
B j1o3e 3 MI/KT. B CBSI3M C 9THM IPOIICHT CHHKEHUS NH-
JIEKC M3bSA3BIICHUS B TPYIINE, MOITy4YaBIlel ITPOU3BOI-
Hoe OeHsmmmmasona B qo3e 30 mr/kr, coctaBmi 78%,
B TO BpeMsl KaK B I'PYyTIax, IOJIYyYaBIIUX PAaHUTHIUH U
omemnpasoi, MU Obut cHukeH Ha 66% u 50%, cooTBeT-
cTBeHHO (Tabun. 1, puc. 2).

2 3

Pucynok 2 — Maxpogpomozpaghuu s1cety0Kos Kpoic ORbIMHBIX 2DYRI RPU MOOETUPOGAHUN IPO3ULIL, BbI36AHHOU 86
Oenuem pacmeopa ammuaxa (120 Mmmonw/n) é couemanuu ¢ UMMOOUNUZAYUOHHBIM cmpeccom (Macuimab 1:1):
1 — Ilpouseoonoe denzumuodazona 30 me/ke, 2 — Panumuoun 30 me/ke, 3 — Omenpazon 3 me/ke

OCHOBBIBasICh Ha 3aBUCUMOCTH MPOUCHTAa CHUIKCHUSA
HHACKCA U3bA3BJIICHUSA OT 1035bI, ObLIN IMPOU3BECACHBI pac-
YeThl 3HAUCHUI EDSO JUTA TIpPOMU3BOAHOTO 6CH3I/IMI/Iﬂa3OHa
1 paHUTHUJIMHA, TaK KaK OHU MCIIOJIb30BAJIMCh B OJUHAKO-
BbBIX 103aX U ABJIAKOTCA aHAJIOTaMU 110 TpEANoJIaraCMomMmy

MEXaHU3My JEHCTBUS, CBA3aHHOMY ¢ Onmokajgod H,-ru-
CTAaMUHOBBIX PELENTOPOB.

Pacuernble 3nadyenus ED,  juis npousBogHoro OeH-
3UMHUa301a cocTaBmin 16,03 MI/KT, a sl paHUTUANHA
— 15,99 mr/kr (nuarpamma 1, 2).

Huazpamma 1 — Pacuem ED , 0na cydcmanyuu npouzeo0Ho020 denzumuoasona
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Huazpamma 2 — Pacuem ED, 0na panumuouna
Ipumeuanue: X — 003a seugecmea, ucnonb3yemas 6 IKCHepUMenne
Y —apghexm cnusicenusn unoexca uzvazenenus (npoyenm cHUNCEHUs UHOEKCA U3BA3GICHU)

3AKJIFIOYEHMUE. Craructuueckuid aHaiu3 moka-
3all, YTO U3y4aeMoe IPOU3BOAHOE OCH3MMHUAa301a CII0-
COOCTBOBAJIO JIOCTOBEPHOMY OTHOCHTEIBHO KOHTPOJIS
U CXOIHOMY CO CTaHJAPTHBIMH IIpernaparamMH CHIKe-
HUIO a0COJNIOTHOTO 3HAYEHUS TUIOLIATU TOBPEKICHHS
CJIM3UCTON 00OJIOUKH Ha IeIMKOOAKTEepPOIron00HO# Mo-
nenu noBpexiaeHus. OnHako, B IpyImie, MojydaBlIei
MIPOU3BOHOE OeH3uMK1a30d1a B j1o3e 30 MI/KI, 4acToTa
MIPOSIBIICHUSI 9PO3UBHBIX JeeKToB cocTaBmiia 60% 1o
cpaBHeHu1o ¢ 80% u 90% B rpynmnax, Nojay4yaBLIUX pa-
HUTHJIUH ¥ OMEIIPa30Jl B MAKCUMaJIbHBIX J103axX. B cBs-

3M C 9TUM INPOLEHT IOJaBJICHHsI 00pa30BaHUsS HPO3UH
B IpYIIIe, OJTy4aBlIeld IPOU3BOIHOE OEH3NME 130712 B
nose 30 mr/kr, cocraBui 78%, a B rpymnmnax, mojy4as-
LIIMX PaHUTUAMH U omenpason 66% u 50%, coorBer-
CTBEHHO.

[TonyueHHble pe3ynabraThl O3BOJIAIOT CAENATh 3a-
KIIIOYEHUE O BBICOKOM CTENEHU NPOTHBOS3BEHHOW aK-
TUBHOCTH HOBOTO ITPOM3BOJIHOTO OEH3MMH1a301a, Ipe-
BOCXO/ISILIIEH aHTUYJIBIIEPOTeHHOE JICHCTBUE aHAJIOTOB, U
MEPCIIEKTUBHOCTHU JIAJIbHEHIIEro n3y4eHus papmaxoso-
IHYEeCKUX d(PPEKTOB TaHHOTO COSTMHEHHSI.

INTRODUCTION. The isosteric nature of the ben-
zimidazole nucleus with purine DNA bases, as well as its
presence in the structure of vitamin B12, determines its
role as a privileged structure in terms of the development
of molecules with therapeutic properties [1, 2]. The spec-
trum of biological activity of Benzimidazole derivatives
includes antiviral [3], antifungal [4, 5], antimicrobial [6],
anticancer [7, 8], anthelmintic [9], analgesic and anti-
pyretic [10, 11], antidiabetic [12], antiprotozoic [13], an-
tioxidant [14], anticonvulsive [5, 15], antipsychotic [16],
antiulcer [17], anti-tuberculosis [18], anesthetic [19] and
other types of activity.

It is known that one of the most common causes for
erosive and ulcerative defects of the mucous membrane
is a gram-negative anaerobic bacillus Helicobacter py-
lori [20]. This bacterium has an urease activity. Urease
converts urea into ammonia, which neutralizes hydro-
chloric acid, causing local alkalinizing, contributing to
the penetration of bacteria into the interior of the mucous
membrane through the protective mucous barrier. Am-
monia, in its turn, irritates G-cells that produce gastrin,
which stimulates the production of hydrochloric acid.
Some of the bacteria penetrate the mucosa, destroying
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intercellular contacts, causing degeneration and atrophy
of the cells due to their phospholipase activity. The de-
struction of the protective protein components and mucin
promotes the penetration of bacteria into the mucosa of
the stomach, forming ulcers. Ammonia causes damage to
D-cells which produce somatostatin. At the same time,
the release of gastrin regulated by somatostatin, ceases
to be controlled, which, as a result, further enhances the
production of hydrochloric acid [21].

Against the background of Helicobacter pylori in-
tervention, an inflammatory infiltrate is formed in the
submucosal layer, epithelial necrosis occurs with the
formation of an ulcer defect, and gastrin-mediated hy-
persecretion of hydrochloric acid ensures its progres-
sion [22].

One of the most common techniques for modeling
Helicobacter pylori-like ulcers is a monochloramine-in-
duced ulcer, as monochloramine rapidly decomposes to
ammonia, the effect of which on the gastric mucosa is
the main pathogenetic part of Helicobacter pylori asso-
ciated ulceration. Since Helicobacter pylori, as a rule,
causes the development of ulcerative defects against the
background of reducing the protective effect of the mu-
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cous-bicarbonate barrier, most often mediated by isch-
emic conditions, one of the techniques of Helicobacter
pylori-like ulcer was modeling ef-mucosal defects by the
administration of ammonia solution against the back-
ground of acute ischemia caused by a decrease of the
systemic volume of circulating blood due to bleeding
from the carotid artery. This technique allows to achieve
high reproducibility, but is associated with surgical pro-
cedures. That increases the complexity and risk of animal
death [23, 24]. In this regard, a modification of the meth-
od of modeling Helicobacter-like damage of the gastric
mucosa using immobilization stress as a provoking isch-
emic factor was proposed.

THE AIM of the study is the experimental research
of the antiulcer activity of 2-phenyl-9-diethylamino-
ethylamine [1,2-a] benzimidazole on the model of Heli-
cobacter-like damage of the gastric mucosa with immo-
bilization stress (a restraint).

MATERIALS AND METHODS

Animals

The study of pharmacological activity was per-
formed on outbred white Wistar male rats (aged 10-12
weeks) weighing 180.0-250.0 g. Variation in the initial
weight of the animals in the group did not exceed 10%
[27].

The conditions of keeping the animals met the re-
quirements of the Decree of the Chief State Sanitary
Doctor of the Russian Federation dated 29.08.2014 Ne51
“On approval of SP 2.2.1.3218-14” Sanitary and epide-
miological requirements for the device, equipment and
maintenance of experimental biological clinics (vivar-
ia)”.

Manipulations with experimental animals were per-
formed in accordance with the generally accepted ethical
standards adopted by the European Convention for the
protection of vertebrate animals used for experimental
and other scientific purposes (1986) and taking into ac-
count the International recommendations of the Europe-
an Convention for the protection of vertebrate animals
used in experimental studies (1997) [25, 26].

Study design

Evaluation of the antiulcer action of the studied sub-
stances was carried out at the doses of 3 mg/kg, 10 mg/kg
and 30 mg/kg. As the reference substances, the following
substances were used: Omeprazole — 0.3 mg/kg, 1 mg/kg
and 3 mg/kg (Sigma Aldrich, USA), and Ranitidine — 3
mg/kg, 10 mg/kg and 30 mg/kg (Sigma Aldrich, USA).

The maximum volume for intragastric administra-
tion to rats did not exceed 3.0 ml for the animals weigh-
ing up to 200 g, 5.0 ml for the animals from 200g to 240
g and 6.0 ml for the animals weighing more than 240 g.

In order to reduce the activity of the protective
mucous-bicarbonate barrier, a 24-hour immobiliza-
tion stress (restraint) with a forced administration of
water was used. After a 24-hour restraint, the animals
were injected ammonia solution at the concentration
of 120 mmol/I.

During the experimental study, the animals were di-
vided into 4 groups of 10 individuals in each. The con-
trol group received ammonia solution (120 mmol/l) at
the rate of 1 ml/100g intragastrically given as a single
dose. The studied benzimidazole derivative and refer-
ence drugs were administered 1 hour before the adminis-
tration of ammonia solution in the experimental groups.
Euthanasia of animals was performed 2 hours after the
administration of ammonia solution.

Defined indicators. To assess the severity of injury
in the study of anti-ulcer effects in modeling all patholog-
ical conditions, a score system was used [28].

In each group, the sum of scores was calculated,
from which the arithmetic mean value characterizing the
average degree of ulceration in the group was derived.

Besides, the ulcer index for each group was calcu-
lated. The ulcer index reflects both the percentage of the
frequency of animals with ulcers and the degree of dys-
trophic disorders in their stomachs.

Statistical processing. The obtained experimental
data were analyzed using the method of variation statis-
tics. The summary tables show the group averages (M)
and the standard error of the mean (m). Intergroup dif-
ferences were analyzed using the nonparametric Mann
— Whitney U-test. Differences were determined at 0.05
significance point. For statistical processing of the results
the software package “Status 2009 was used.

RESULTS AND DISCUSSION. In order to assess
the effectiveness of the combination of immobilization
stress and the effects of ammonia solution in modeling
erosive and ulcerative defects of the mucosa, the exper-
iments were previously conducted to study the effect of
24-hour immobilization stress (without ammonia solu-
tion) and the effects of ammonia solution without prior
immobilization as independent ulcerogenic factors. The
obtained results showed that in the gastric mucosa of
some animals (20-30%) a minor damage was observed,
which in general could be neglected as not affecting the
statistical calculations in the evaluation of the combined
chemical and stressful effects. The combination of im-
mobilization stress with the administration of ammonia
solution contributed to the development of erosive mu-
cosal damage, the area of which ranged from 20 mm? to
170 mm? / animal (Fig. 1). The within-test reproducibil-
ity was 90-100%.
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Figure 1 — Macrophotography of the control group of animals (ammonia solution 120 ml/100 g)
in combination with immobilization stress (Scale 1: 1)

Prophylactic administration of the studied sub-
stance, Ranitidine and Omeprazole, in these doses
contributed to the decrease in a number and area of
erosive defects formed reliably relative to control.
The studied substance, Ranitidine and Omeprazole,
showed a dose-dependent antiulcer effect on this pa-
thology model. The use of even minimal doses of the
studied substance, Ranitidine and Omeprazole, con-

tributed to the reduction of mucosal damage areas al-
most 3 times.

The administration of Benzimidazole derivative at
the doses of 10 mg / kg and 30 mg / kg, Ranitidine at the
doses of 1 mg / kg and Omeprazole at the dose of 3 mg
/ kg contributed to the reduction of mucosal zones with
erosive defects by 5—10 times relative to the control val-
ues (Table 1, Fig. 2).

Table 1 — Macroscopic analysis of the effect of the Benzimidazole derivative substance
on the gastric mucosa with the administration of ammonia solution in combination
with immobilization stress (male rats), n=10, m+m

Area of erosive Percentage of Przrdclfgtizieooff
animals with Degree of . . 0
Substance damage erosive dama ) . Ulcer index |ulcer index (%)
I ge ulceration .
(mm?*/animal) or oToU relative to the
per group control
Ammonia

Control group 100.3+23.5 100% 3.88+0.13 3.80 -

of animals 120 mmol /1

Benzimidazole 38.0+7.3* 100% 3.20£0.29% 3.20 16
derivative

Benzimidazole |6\ ono | 19.9547.6% 80% 2.60+0.50* 2.08 45
derivative

Benzimidazole | 50 o vo /| 15.8526.19% 60% 1.400.45% 0.84 78
derivative

Ranitidine 30.3+5.9* 100% 3.00+0.33 3.00 21
Ranitidine 10 mg/kg 15.9+6.4%* 80% 2.10+£0.41* 1.68 56
Ranitidine 30 mg/kg 8.6+2.1% 80% 1.60+0.34* 1.28 66
Omeprazole 0.3 mg/kg | 44.4+10.1* 100% 3.30+0.30 3.30 13
Omeprazole 25.7+8.9* 90% 2.20+0.44* 1.98 48
Omeprazole 13.5+4.8* 90% 2.10+0.48* 1.89 50

Note: * — statistically valid differences compared to control values p<0.05
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At the same time, there were no statistically valid
differences between the effects of the studied substance
of the Benzimidazole derivative and the reference drugs
in terms of the absolute values of the average lesion ar-
eas obtained. However, the frequency of formation of
erosions in the group of animals exposed to ulcerogenic
factor, plays an important role in assessing the antiulcer
activity of the studied compounds, along with indicators
of the areas of the erosive damage. Thus, in the group

1

of the animals treated with benzimidazole derivative at
the dose of 30 mg/kg, the frequency of erosive defects
was 20% lower than in the groups treated with ranitidine
at the dose of 30 mg/kg and omeprazole at the dose of
3 mg/kg. In this regard, the percentage of the ulcer index
reduction in the group receiving a benzimidazole deriva-
tive at the dose of 30 mg/kg was 78%, while in the groups
receiving ranitidine and omeprazole, the ulcer index was
reduced by 66% and 50%, respectively (Table 1, Fig. 2).

2 3

Figure 2 — Macrophotography of rats’ stomachs of experimental groups with modeled ulcers caused by ammonia
solution administration (120 mmol/l) in combination with immobilization stress (Scale 1: 1):
1 - 30 mg/kg of Benzimidazole derivative, 2 — 30 mg/kg of Ranitidine,
3 — 3 mg/ kg of Omeprazole

The calculations of ED, values for Benzimidazole
derivatives and Ranitidine were made on the basis of
the dependence of the reduction percentage of the ulcer
index on the doses, since in the experiment they were
used in the same doses and being analogs in respect of

the proposed mechanism of the action associated with the
blockade of H, — histamine receptors.

The calculated ED, values were: for the Benzim-
idazole derivative — 16.03 mg/kg, and for Ranitidine —
15.99 mg kg (Fig. 1.2).

/

fu
L 2

0 T T T T

12

15
s(

Fig. 1 - Calculation of ED , for Benzimidazole derivative
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Fig. 2 — Calculation OF ED_, for Ranitidine
Note: X — dose of the substance used in the experiment
Y — the effect of inhibition of ulceration (percentage decrease of ulcer index)

CONCLUSION. The statistical analysis showed
that the studied Benzimidazole derivative contributed to
the reductions of the absolute value of the mucosal dam-
age area on the Helicobacter-like damage model statisti-
cally significantly compared to the control group of rats
and similar with to the reference drugs.

However, in the group receiving a Benzimidaz-
ole derivative at the dose of 30 mg/kg, the frequency
of formation of erosive defects was 60%, compared to
80% and 90% in the groups receiving Ranitidine and
Omeprazole at the maximum doses. In this regard, the

percentage of inhibiting the formation of erosions in
the group receiving a Benzimidazole derivative at the
dose of 30 mg/kg was 78%, and in the groups receiv-
ing Ranitidine and Omeprazole it was 66% and 50%,
respectively.

The obtained results make it possible to arrive at the
conclusion about a high degree of antiulcer activity of
a new Benzimidazole derivative, superior to the antiul-
cerogenic effect of the analogs, and the evidence of the
prospects for further study of the pharmacological effects
of this compound.

Paboma evinonnena 6 pamxax gedepanvroil yene-
601l npoepammul «Pazeumue apmayesmuyeckou u me-
ouyuncko npomviutiennocmu Poccutickoti @edepayuu
Ha nepuoo 0o 2020 200a u OanbHeuuLyo nepcneKmugyy.
Tema pabomor: «/Joxnunuueckue ucciedosanus H2-eu-
CMAMUHOONLOKUPYIOWEe20 1eKaAPCMEEHHO20 CPedCmad,
CHUdICAOUe2o 2enuKobaxKmepono00OHble NO8Pe*COeHUs,
Ha OCHO8e NPOU3BOOHO20 OEH3UMUOA30AA», 20CYOap-
cmeennviil konmpaxm Nel4.N08.11.1042 om 14.11.2017.

The study was carried out in accordance with the
Federal target program “Development of the pharmaceu-
tical and medical industry of the Russian Federation for
the period up to 2020 and beyond”. The topic of work:
“Preclinical studies of H2-histamine-blocking drug that
reduces Helicobacter-like damage based on benzimidaz-
ole derivative”, state contract Ne 14.N08.11.1042 from
14.11.2017.
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