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b «XAJBbIK)»

B 2016 rogy mist pa3BUTHS U YAYYIICHUS Ka9eCTBA )KU3HHU Ka3aXCTAHIIEB OBLT
CO3J1aH YacTHBIN briarorBopuTenbHbIH HOHT « XaTbIK». 3aTOIBI CBOCH eI TETHPHOCTH
Ha pealln3aluio OJaroTBOPUTEIIBHBIX IPOCKTOB B 001ACTSIX 00pa30BaHus U HAYKH,
COLIMANIbHOM 3allMThI, KYJBTYPBI, 3APaBOOXpaHEHUs] U cnopra, POoHA BBLACTHI
Oonee 45 MUITHAP/IOB TEHTE.

Ocoboe BHuManue bnarorBopurensheiii  GoHA  «XadbIK»  yaenseT
00pazoBaTeNbHBIM IPOrpaMMaM, CUUTas 3TO HANpaBlICHHE OJHUM U3 KIIFOUEBBIX
B cBoell aesrenbHOCTH. OKa3biBasi MOAJEPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@®oH1 BHOCUT CBOW MOCHJIBHBINA BKJIaJ B pa3BUTHE Kaue€CTBEHHOI'O 00pa30BaHUs
B Kazaxcrane. Tem cambiM crmocoOCTBYSl pOCTy 4YHcia JIIOf#EH, CIIOCOOHBIX
MEHSTh KU3Hb B CTpaHe K JydmeMmy — NpodeccHOHAIOB B pasMUHBIX cdepax,
MOTCHLIUANBHBIX JIMACPOB U «BETUKUX YMOB». ORHON M3 3HAYMMBIX WHHULIMATUB
¢donaa «Xanslk» B 00pa3oBarenbHol cdepe cran npoekT Ozgeris powered by Halyk
Fund — nepBsiii B cTpane 6usHec-nHKyOaTop utst ydamuxcs 9-11 knaccoB, KOTOpBIT
MIOMOTaeT Pa3BUBaTh HEOOXOANMBIEC B COBPEMEHHOM MHpE MpeIIpUHIMATEIbCKHE
HaBbIKU. Tak, Ha coelicTBHE MaJloMy OM3HECY HIKOJILHUKOB OBIIO BBIZIEJICHO Oosee
200 rpanrtoB. g noanep:KKW TaJaHTIMBBIX U MOTHUBUPOBAaHHBIX JeTed DoHn
HEOHOKPATHO BBIACIISUI IPAaHTHI Ha 00yueHue B MextyHapoqHoH mkoie « Mupacy»
u B Astana IT University, a Take MOMOT' Ka3aXCTaHCKHM HIKOJIbHUKAaM NPHUHATH
ydactue B mpectmkHoM kKoHkypce «USTEM Robotics» B CLIA. Atopckue
paboTsI B pamkax npoekTa « Tamimrepy, koropomy DoHJ 0Ka3all NOAICPKKY, JICIIN
B OCHOBY y4yeOHOW MpOrpaMMbl, Y4EOHHKOB M Y4€OHO-METOIMYECKUX KHHI IO
npeameTy «OCHOBBI IpeIIPUHIMATEIbCTBA U On3Hecay, npenogasaemoro B 10-11
KJIaccax Ka3axCTaHCKMX LIKOJ M KOJIICIKEH.

[ToMuMO moOMOIIM HIKOJIBHUKAM, YYalIUMCsl KOJUIeIKeld u cryneHTam DoHp
CYUTAET BOXHBIM BHECTH CBOH BKJIaJ B MOBBINICHUE KBAJIM(HUKALNUU MEaroros,
COBEPLICHCTBOBAHHE MX 3HAHWH M HABBIKOB, MOCKOJIBKY MMEHHO OHH SIBJISIOTCS
MPOBOAHMKAMM 3HAHWH OyAyIIMX IMOKOJICHMH Ka3axcTaHueB. [Ipu mommepikke
doHma «Xanblk» B KOKHOH CTONHWIE OBUT OpPraHW30BaH €XKETOIHBIN TOPOICKOM
KOHKYpc neparoros «Almaty Digital Ustaz.

BaxxHoil MHMUIMATHBOM CTasl peaju3yeMblii MPOEKT M0 OOYYECHUIO OCHOBAM
(MHAHCOBOM TPaMOTHOCTH IpenojaBaTesiedl M3 BochbMM obnacteil Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BIMSHHE Ha BOCIHMTAaHHE (UHAHCOBOH
IPaMOTHOCTH M NIPEAIPUHUMATEIBCKOTO MBILIJICHUS Y HOBOT'O OKOJICHUS TpaskAaH
CTpaHBbI.



HeoOxomumyto nomomps @onp «Xalblk» OKa3bIBa€T U TEM, KTO OCOOECHHO
OCTpPO B HEHl Hykmaercs. B pamkax coluanpHON 3aIlIMTBHl HACEJICHUS aKTHBHO
MpoBOAXTCS paboTa MO MOAJEPIKKE AETeH, ocTaBIIMXCs Oe3 poxuTenel, AeTei u
B3POCIBIX U3 COLMAIBHO YS3BUMBIX CIIOCB HACEJICHHUS, JIOACH C OrpaHMYCHHBIMU
BO3MOJKHOCTSIMH, @ TaKXe 00CCIICUCHHIO HYKAAIOMINXCS COLHMAJIbHBIM KHUIBEM,
CTPOUTENILCTBY COLIMAJIbHO BaKHBIX OOBEKTOB, TAKUX KaK JAETCKUE CaJlbl, AETCKUE
TUIOIIAAKH U (PU3KYIBTYPHO-0310POBUTEIBHBIC KOMITJICKCHI.

B xonmnky 106psix gen @onaa «Xasblk» MOKHO 100aBUTh OKa3aHUE TOMOLIH
JIETCKOMY CIIOPTY, Ky/la OTHOCUTCS MOJJICPKKa B Pa3BUTHM JETCKOro ¢gyrdoia u
Kapate B Hauel crpane. JKu3HEeHHO BasKHYIO ITOMOIbL biiaroTBOpUTeIbHbIN (GOHIT
«XanpIK» OKa3aJl HallUM COOTEYECTBEHHMKAaM BO BpeMsl HEAaBHEH MaHIEMUU
COVID-19. Torna, B pasrap Tsbkenoil 0opsObl ¢ KOpOHaBHUpPYCHOW MHQeEKuuei
®onpx Bbtennn cBbimie 11 MWIIMAapIOB TEHTe Ha MPHOOpETeHHEe HEOOXOIUMOro
MEIUIMHCKOTO OOOPYAOBaHMS M JOPOTOCTOSIIMX MEIWLHUHCKUX Ipernaparos,
aBTOMOOWJICH CKOPOM MEIUIMHCKOM MOMOIIM M CPEIACTB 3aIlUTHI, aJpPECHYIO
MaTepranbHyl0 MMOMOIIb COLMANBHO YS3BHMBIM CJIOSM HACEICHHUS U JCHEKHBIC
BBIMJIATHl MEJULIMHCKUM PAOOTHHUKAM.

B 2023 rogy napsiny ¢ OIpyruMH MpPOEKTaMH, HALICIECHHBIMH Ha MOBBILICHUE
01aroCcOCTOSHUS Ka3aXCTaHCKHUX IpaskaaH DOoH peLn yIeIuTh 0c000e BHUMAaHHUE
HayKe, TOCKOJIbKY OHa SIBJISIETCSl 4YaCThIO OOIIECTBEHHOM KYJIBTYPHI, & YPOBEHb €€
Pa3BUTHS ONPEACISICT YPOBEHD PA3BUTHUS TOCYIAPCTBa.

[Honnepxka @oHIOM BbIMycKa >XypHanoB HamuonanbHOH AKaneMuu Hayk
PecnyOnmukn KazaxcTtaH, KOTOpble BXOAAT B MEXAyHaponuHble (OHABI Scopus U
Wos 1 B KOTOPBIX IYOJIHMKYIOTCS CTaTbH OTEYECTBEHHBIX YUYCHBIX, JOKTOPAHTOB
W MarucTpPaHTOB, a TAK)KE HAyYHBIX COTPYIHHKOB BBICHIMX Y4YEOHBIX 3aBEeICHHI
W HayYHO-HCCIIEIOBATENbCKAX MHCTHUTYTOB HAIICH CTpaHbl SBISIETCS HE MEHEE
3HAYUMBIM BKJIaioM PoH/Ia B pa3BUTHE Ka3aXCTaHCKOTO OOIIECTBa.

C yBa:kenuem,
BbaarorBopurenbHblii ®oHa «XaabIK»!
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BAC PEJAKTOP:
BEHBEPUH Banepuii BacuibeBny, MeIuIMHA FUIBIMIAPBIHBIH TOKTOPEL, Tpodeccop, KP YFA akanemuri,
Kaszakcran Pecryonukacer [lpesunenti Ic Backapmackl MeauuMHAIBIK  OPTaIbIFBIHBIH - IUPEKTOPbI  (AJMaThl,
Kasakcran), H=11

PEJAKIOUAJBIK AJKA:

PAMA3AHOB Tinexka6b11 CoouTYIbI, (6ac peNaKTOpABIH OpbIHOAcaps!), GH3HKa-MaTeMaTHKa FhUIBIMIAPBIHEIH
Jnoktopsl, ipodeccop, KP ¥FA akanemuri (Anmvarel, Kazakcran), H =26

PAMAHKYJIOB Epnan Mupxaiizapyibl, (6ac permakrtopasiH opbiHOacapel), mnpogeccop, KP  YFA
KoppecroHaeHT-Mmy1reci, Ph.D OHoXuMust jKoHE MOJIEKYIAbIK TeHETHKA caaachl OOMBIHINA YIITTHIK OHOTEXHOIOTHS
opranbrbiHbH 0ac aupekrops! (Hyp-Cynran, Kasakcran), H =23

CAHI'-CY Ksak, PhD (6uoxumust, arpoxumust), npodeccop, Kopeit GHOFBUIBIM KoHE OHOTEXHOIOTHS FEUTBIME-
3eprrey uHCTHTYTEI (KRIBB), ecimuixrepiH HIKeHEpIiK jKyHenepi FHUIBIMU-3ePTTEY OPTabIFBIHBIH 0ac FHUIBIMI
Kpi3MeTkepi, ([]puon, Kopes), H =34

BEPCIMBAEB Paxmerkaxbl Eckenipy/bl, Ononorus reUIBIMAAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
axagemuri, Eypasus ynrteik yausepeunreri. JLH. l'ymunes (Hyp-Cyiran, Kasakcran), H= 12

OBUEB Pygar, TexHuka FbUIbIMIApbIHBIH JOKTOpbI (Onoxumus), npodeccop, Cankr-IlerepOypr MEMIIEKeTTiK
TEXHOJIOTHSUIBIK, MHCTUTYTHI «XUMISUIBIK JKOHE OMOTEXHOIOIMSUIBIK alIlapaTypaHbl OHTaMIaHABIPY» Ka(eapachIHBIH
menrepyiuici, (Cankr-ITerepOypr, Peceit), H= 14

JIOKIIHNH Bstuectas HoranoBmu, MeauiHa FBUIBIMAAPBIHBIH JTOKTOPBI, Ipodeccop, KP ¥YFA akanemuri,
«PERSONA xaJbIKapasblK KIMHUKAJIBIK PEMPOIYKTONIOTUsl OPTANIBIFBIHBIH AUPEKTOpbI (Anmarsl, Kazakcran), H = 8

CEMEHOB Baagumup I'puropbeBuy, Owomorust FbUIBIMAAPBIHBIH —JOKTOpBL, —mpodeccop, Yysamr
pecryOniKachIHBIH €HOCK CIHIPreH FhUIBIM Kaiipatkepi, «UyBail MEMJICKETTIK arpapiiblK yHHUBepCHTETD Denepanabik
MEMJICKETTIK OIO/DKETTIK JKOFaphl OimiM Oepy Mekemeci AKYyLIEpIK oHE Teparus KaeIpachlHbIH MEHIEPYILICi,
(YeGokcapsr, Peceit), H =23

DAPYK Acana [lap, Xamaap ans-Mamkina Xamaap yHUBEPCHTETIHIH IIBFbIC MeuIMHa (axyisreTi, [Ibreic
MEIUIMHACKI KOJUTeKiHIH npodeccopsl, (Kapauw, [Tokicran), H =21

HIENETKHWH Urops AsiekcanIpoBHY, MEIHIIMHA FEUTBIMAAPBIHBIH JOKTOPbI, MOHTaHa ITAThI YHUBEPCUTETIHIH
npodeccops! (Monrana, AKII), H=27

KAJIAH/IPA IIberpo, PhD ({pusuka), HAHOKYPBUIBIMIBI MaTepUaIIap bl 3ePTTEY HHCTUTYTBIHBIH TPOGECccopb
(Prv, Utamus), H =26

MAJIBM Amnna, dapmaneBTrKa FEUIBIMAAPBIHBIH JOKTOPSL, Ipodeccop, JIIoOMMH MenuimHa yHUBEPCHTETIHIH
(apmanepTika daxyasTeTiHiH AekaHsl (JIoommn, [onsma), H =22

BAUMYKAHOB [lacran Acbl16eKy.Ibl, aybUl IIAPYaIIbUIbIFbI FRUTBIMIAPBIHBIH T0KTOpBL, KP ¥FA koppecron-
JIeHT Myteci, "Mail mapyanibuibFbl KoHE BeTePUHAPHS FHUIBIMU-OHIIPICTIK opTaibibl" JKIIC man mapyarbuibEbl
JKOHE BETCPHHAPNBIK MEAVIMHA JerapTaMeHTiHiy Oac reumbivu KpiMertkepi (Hyp-Cynran, Kasaxcram), H=1

TUTUHSHY Uon MuxaiiioBuy, (hr3nka-MareMaTHka FbUIbIMIAPBIHBIH JJOKTOPBI, akaieMuk, Momjosa Feuibiv
AKaJIeMISICBIHBIH TIpe3ueHTi, MooBa TexHUKaIbIK yHIBepcuTeTi (Kummues, Monnosa), H = 42

KAJIMMOJIJAEB Maxkcar Hypominyibl, Qusnka-MaTeMaTHKa FhUIBIMAAPBIHBIH JOKTOPEI, Tpodeccop, KP
YFA axanemuri (Anmvarsl, Kazakcran), H="7

BOLIKAEB Kyanraii Arasbiyjibl, Ph.D. Teopusnbik xoHe sSaponblK (GU3MKa KaderpachiHbIH JOLEHTI, -
®Dapabu areigars! Kazak yinrTeik yHEBepeuTeti (Anmvarst, Kazakcran), H = 10

QUEVEDO Hemando, ipoceccop, SIporbIk FeuibMaap HHCTHTYTHI (Mexuko, Mekcrka), H =28

JKYCIIIOB Mapar AG:xaHy/bl, (U3MKa-MaTeMaTHKa FBUIBIMIAPBIHBIH JOKTOPBI, TEOPHSUIBIK JKOHE SIPONIBIK
¢huzmka kadeapacsHbIH mpodeccopsl, an-Papadbu arbimars! Kasak yiTTeik yauBepeureTi (Anmars, Kazakcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, (r3Hka-MareMarnka FbUIBIMIAPBIHBIH JOKTOpbI, YkpamHa YFA
akazemuri, KoimanOasl MaTeMaTika skoHe MexaHuka MHCTUTYTHI (JloHenk, Ykpauna), H=15

TAKUBAEB Hypranu Kabarayiibl, (u3ika-MaTreMaTHKa FhUIBIMAAPBIHBIH JIOKTOpBI, mpodeccop, KP ¥FA
axanemuri, on-Dapabu arempars! Kazak yiTTeik yauBepenteti (Anmarsl, Kasakeran), H=5

XAPUH Cranncnas HukonaeBnu, (usnka-mMareMarvka FhUIBIMIApBIHBIH JOKTOPEL, mpodeccop, KP YFA
axangemuri, Kasakcran-bpuran texuukansik yHuBepeuteti (Anmarsl, Kasakcran), H= 10

JABJIETOB Ackap EpOynanoBuy, ¢u3nka-MareMarika FhUIBIMIAPBIHBIH JOKTOpbI, mpodeccop, KP YFA
akaziemuri, an-Oapadu arsiHaare! Kazak yiarTeik yHuBepeuteti (Anmvarel, Kazakcran), H =12
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TOKJAJIBI 2024 o2
HALII/IOHAHBHOﬁ AKAJIEMHUUN HAYK PECITYBJIMKHN KA3AXCTAH

TJIABHBIMA PEJAKTOP:
BEHBEPHH Bauepuii BacuiibeBu4, TOKTOp MEIMIMHCKUX Hayk, mpodeccop, akanemuk HAH PK, mupexrop
MemuumHckoro eHtpa YipasneHust jienamu [pesunenta Pecrryonuku Kasaxcran (Anvarst, Kasaxcran), H= 11

PEJAKINUOHHASA KOJIJET US:

PAMA3AHOB Tiekkagya CabuToBUY, (3aMECTHTEIb IIABHOTO PENAKTOPA), JOKTOP (DPH3MKO-MaTeMaTHuecKuX
Hayk, npodeccop, akagemuk HAH PK (Anvarsl, Kasaxcran), H =26

PAMAHKYJIOB Epian Mupxaiinapsud, (3aMeCTHTENb NIABHOTO PEIAKTOpa), npodeccop, WieH-KOpPEeCIOHIeHT
HAH PK, Ph.D B obnact OHMOXMMHM ¥ MOJEKYJISIPHOW TeHETHKH, [eHepaibHblid aupextop HarmoHanbHOTO IIeHTpa
ouorexnonoruu (Hyp-Cynran, Kazaxcran), H =23

CAHTI'-CY KBak, nokrop ¢unocodun (Ph.D, Gnoxnumusi, arpoxumus), mpodeccop, IIaBHbIi HayqHbIiT COTPYITHHIK,
HayuHo-uccnenoBarebekuil LEHTP MHKEHEPHBIX cUcTeM pacTeHni, Kopelickuii HayuHO-UCCIe0BaTeNbCKU HHCTUTYT
ouonayku u ouorexnonoruu (KRIBB), (I»4on, Kopest), H = 34

BEPCUMBAEB Paxmerka:u MckeHIHPOBHY, TOKTOp OHONOrHYECKUX Hayk, mpodeccop, akanemuk HAH PK,
Eppasuiickuii HarmoHanbHblii yausepcurer um. JLH. T'ymunesa (Hyp-Cynran, Kazaxcran), H= 12

ABUEB Pydar, noxrop TexHHYeCKHX Hayk (Omoxumirs), mpodeccop, 3aBemyronmii xkadenpoit «OnTHMusarms

XUMHYECKOW 1 OMOTEXHONIOTYECKOl anmaparypb», CaHkT-IletepOyprekuii rocy1apCTBeHHbIN TEXHONIOT MYECKUI HHCTH-
TyT (Cankr-IlerepOypr, Pocerst), H = 14

JIOKIIIUH Bsiuecia HoraHoBu4, JOKTOp MEIMIMHCKHX Hayk, npodeccop, akanemuk HAH PK, mupexrop
MexayHapOIHOTO KIMHIYECKOro neHTpa penponykroioray «PERSONAY (Amvarst, Kazaxcran), H=8

CEMEHOB Buiagumup I'puropbeBud, JOKTop OHOIOrHYECKUX HAyK, MPOQEccop, 3aciTy KeHHbIN e Te b HayKH
Yysarckoii PecryOnuku, 3aBeyroriiii kadenpoit Mopdosoriu, akyiepeTsa 1 tepaniu, OeaepaabHoe rocyIapcTBEHHOS
OlomKkeTHOE 00pa3oBaTelbHOE YUPEXKICHHE BBICIIEro oOpazoBaHmst «UyBamICKMil TOCYNApCTBEHHBIN arpapHbIi
yauBepcuter» (Yebokcapsl, Uysarickas Pecryonuka, Poceust), H =23

DAPYK Acana Jlap, npodeccop Komtemka BocTouHOH MemuimHbl Xamaapaa anb-Majpkusa, (hakyisTeT Boc-

TOYHOM MeanIHbl YHuBepcuTera Xamuapaa (Kapauu, [Takucran), H=21

MIENETKWH Hrops AnekcaHapoBHY, IOKTOP MEIMIMHCKUX HayK, podeccop YHUBepcHTeTa mtara MoHTaHa
(CILIA), H=27

KAJIAH/IPA Iserpo, roxrop ¢unocoduu (Ph.D, dhusuka), npodeccop UHCTHTYTA 10 M3yUCHHIO HAHOCTPYKTY-
pupoBanHbIX Marepuaios (Pum, Utams), H =26

MAJIBM AnHa, 1okTOp (hapMareBTHIecKUX Hayk, Ipodeccop, ekaH (apMareBTHdeckoro haxynsrera JIroomm-
CKOro MeJMIMHCKoro yHuBepeutera (JIro6mun, [Monmbnra), H = 22

BAUMYKAHOB Jlacranfexk AcbLIGEKOBHY, JIOKTOP CEIbCKOXO3SHCTBEHHBIX HAyK, YICH-KOPPECHIOH/ICHT
HAH PK, maBHblit HayuHbIH COTpYIHUK JlenapraMeHTa »KUBOTHOBOJICTBA M BeTeprHapHOi Meuimubl TOO «HayuHo-
TIPOU3BOICTBEHHEII LIEHTP KUBOTHOBOZCTBA U BeTepunapminy (Hyp-Cyirran, Kasaxcran), H=1

TUTUHSIHY Won MuxaiisioBud, 10KTOp (GU3HMKO-MaTeMaTHueCKUX HayK, aKaJIeMUK, PE3UICHT AKaeMUU HayK
Moniobl, Texuuueckuii ynusepcurer Monioss! (Kumimnes, Moiosa), H =42

KAJIMMOJIJAEB Maxkcat HypaanioBud, TOKTOp (pU3HKO-MareMaTHIecKHX Hayk, IIpodeccop, akagemuk HAH
PK (Anmarsl, Kazaxcran), H="7

BOLIKAEB Kyanraii ABraszpieBuy, noktop Ph.D, npenonaaresb, 101EHT Kadenpbl TEOPETUYECKOM U SIePHOM
m3uku, Kasaxckuii HalMOHaIBHBINA YHUBEpCHTET MM. ainb-Dapabu (Anmmarel, Kasaxcran), H= 10

QUEVEDO Hemando, nipodeccop, HarmonansHeiii aBroHomHbIH yHUBepcHTeT Mekcuku (UNAM), UHcTutyT
sinepHbIX Hayk (Mexuko, Mekcuka), H =28

JKYCYIIOB Mapar A6:kanoBHY, TOKTOP (PH3HKO-MaTeMaTHICCKUX HayK, Ipodeccop Kaheapbl TEOPETHIESCKON i
snepHoit pnsnku, Kasaxcknii HarpoHanbHbIH yHHBepcHTeT nM. anb-Dapabu (Anmvarer, Kasaxcran), H=7

KOBAJIEB Aunexcanap MuxaiiioBud, JOKTOp (H3HKO-MareMaTH4ecKuX Hayk, akagemMuk HAH VkpauHer,
VHCTHTYT NPUKNIaHOM MaTeMaTHKy 1 MexaHuky (JloHenk, Yikpauna), H=5

TAKUBAEB Hypraan JKa6araeBud, JoKTop (U3HKO-MaTeMaTHICCKHX Hayk, mpodeccop, akanemuk HAH PK,
Kazaxcknii HaMOHAIBHBIN yHHBepeHTeT UM. anb-Dapadut (Anmmarsl, Kasaxcran), H=15

XAPUH CrannciaB HukonaeBH4, TOKTOp (pH3HKO-MaTeMaTHUeCKHX Hayk, Ipodeccop, akagemuk HAH PK,
Kazaxcrancko-bpuranckuit Texanueckunii ynusepeuret (Anmarsl, Kazaxcran), H=10

JABJIETOB Ackap EpoOynanoBud, 1OKTOp (U3MKO-MareMaTHdecKux Hayk, npodeccop, akagemuk HAH PK,
Kazaxckuii HaMOHAIBHBIN yHHBepcHTeT M. anb-Dapadu (Aymarsl, Kasaxcran), H=12

Hoxaaasl HannonanbHoii akagemuun Hayk Pecnyosmuku Kazaxceran»
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Abstract. The formulation of new drugs that exert a wide spectrum of activity
is a relevant issue. Knowledge of the physicochemical characteristics and structure of
the drug is necessary in order to correctly interpret the mechanism of its action and
distribution after administration to the body. Finally, the structure and properties of the
drug determine both the medicinal form and the method of dosage. In this regard, our work
was aimed to study the structure and properties of active pharmaceutical ingredient (API)
using a complex of physicochemical methods. According to the results of viscometric
studies, the solutions of API were found to be non-Newtonian liquids and the dependence
tendency between the temperature increase and solution viscosity decrease was found out,
what indicates the occurrence of the decomposition processes, or the existing structures,
or associations disaggregation. The data on viscometric studies correlate with the data
obtained from calculations of the activation energies of the viscous flow (E ). Also, the
electrical conductivity of API solutions at the temperature of 2025 °C was studied using
the conductometric method. Measurements of the electrical conductivity of API solutions
showed that with an increase in the drug content, the values of the specific conductance (y,
mS/cm) rise. This is due to an increase in the quantity of electrically conductive particles
in the system, which occurs both due to the concentration of solutions and disaggregation
of the micelles.

Keywords: Association, Dynamic viscosity, Specific coonductance, potentiometry,

redox potential, microscopy
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AHHOTaIUs. Ocep €Ty CHEKTpi KeH JKaHa IpernaparTapibl Kacay ©3eKTi
Macere 0oJbIT TabbuTabl. JleHere eHri3reHHeH KeiiH ocep €Ty MEXaHM3MiH KOHE OHBIH
OpeKeTiH IyphIC TYCIHAIPY YIIiH TMpemnaparThiH (U3UKa-XUMUSIIBIK CHIIaTTaMallapbl
MEH KYpBUIBIMBIH Oiy KaxkeT. [IpemaparTblH KypbUIBIMBI MEH KacHeTTepi, COHBIHAA
JIOpiITiK hopMaHbI J1a, €HTI3Y 9[IICIH /e aHBIKTai /1bl. OCchIFaH OalIaHbICTHI Oi3/iH 3epTTey
’KYMBICBIMBI3/IBIH MaKCaThl (pU3NKa-XUMHSIIBIK 9/1iCTep KeIIIeHIH KOJITaHa OTHIPHIIT, aKTUBTI
dapmarneBTHKANBIK cyOcTaHmsapasiH (ADC) KypbUIBIMBI MEH KAaCHETTEpiH 3epTTey
00161, BUCKO3UMETPHUSIIBIK 3epTTEYNEpIiH HOTIKenepi OoibiHIa ADC epiTiHainepiHiH
HBIOTOH/IBIK €MeC CYHBIKTap eKeHIIrl  JKOHEe TeMIlepaTypaHbIH JKOFapbUIaybIMEH
epITIHAIEePAiH TYTKBIPIBIFBI TOMEHICHTIHI aHBIKTAIIBI, OYJT - KYPBUTBIMIAPIBIH HEMece
accoOIMATTAP/BIH BIIBIpAay Hemece OOJIIEeKTEHY NMPOIecTepiHe YIIBIPayblH KOPCETEe.
BUCKO3UMETPHSIIBIK 3epTTEYIACepIiH JepeKTepi MEH TYTKBIP aFbICTHIH  aKTHBTEHY
sHeprusichiHbIH (Ea) ecenTeynepiHeH anbiHFaH MamiMerTep coiikec keneni. CoHpmaii-
aK KOHIYKTOMeTpusutblK oficien 20-25 °C rtemmeparypama ADPC epiTiHainepiHiH
anekTpeTK3rimTiri 3eprrengai. ADC epiTiHAUIEpIHIH ANEKTPOTKI3TIMTITIH  OJIIIey,
JTOPUITIK 3aTTap IbIH MOJIIIEePi apTKaH CailblH MEHIIIIKTI AJIEKTPOTKI3TIIITIK MoHEpi (), mS/
cm) KOFapBUIANTHIHBIH KepceTeni. by epiTiHaiaepAiH KOHIIEHTpaHiChl eceOiHeH e,
MUIIEIIAIAP/IBIH BIIBIPAYBIHAH J1a TIai/1a O0JIaThIH JKYHeeri AEeKTPOTKI3TIIT OOIIIeKTep
CaHBIHBIH apTybIHA OANIAHBICTHI.

Tyiiin ce3mep: accormanys, AMHAMUKAIBIK TYTKBIPIBIK, SJIEKTP OTKI3TIMITIK,
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Annoranus. Co3anne HOBBIX JIEKaPCTBEHHBIX MPENapaToB, KOTOPbIE 001a1al0T
IIMPOKUM CIEKTPOM JIEHCTBHS SBISIETCA aKTyalbHOW IpoOiemoil. 3HaHWe (HHU3HKO-
XUMHUYECKUX XapaKTePUCTHK U CTPOSHUS Iperapara sBJsieTcss HEOOXOMUMBIM TSI TOTO,
YTOOBI NPAaBUJIILHO TPAKTOBATh MEXaHU3M JCWCTBUS W €r0 MOBEJICHUE TIOCIE BBEICHUS
B opranm3Mm. CTpoeHHWE W CBOICTBa IIpemapara, B KOHEYHOM HWTOTE, OIPEIENISIOT
W JIEKapCTBEHHYIO (QOpMY, U CTOcO0 TpUMEHeHHs. B CBS3M C STHUM HENbI0 HAIINX
WCCIIEJIOBAaHUHN SBWJIOCH W3y4YEHHE IIPH IIOMOIIM KOMITIEKCa (PH3MKO-XUMHUIECKIX
METOZIOB CTPOCHHUS M CBOWCTB akTUBHBEIE (apmareBrndeckue cyocrannnu (ADPC). Ilo
pe3yJbTaraM BUCKO3UMETPHUUYECKUX HCCIEIOBAaHUU YCTaHOBJIEHO, 4TO pacTBOpbl ADC
SIBIISIFOTCS. HEHBIOTOHOBBIMH JKUIKOCTSIMH M OBIJIO YCTAHOBJIEHO, YTO C TTOBBIIIEHHEM
TEeMIEepaTyphl BI3KOCTh PACTBOPOB YMEHBIIIAETCS, YTO CBUAETENBCTBYET O MPOTEKAHUN
MPOIIECCOB paclaja WM Jie3arperaiuyd MMEIOIIUXCS CTPYKTYp WM aCCOIHAITHH.
JlaHHBIE BUCKO3MMETPHUYECKHUX HCCIEIOBAHUA KOPPEIUPYIOT C JAaHHBIMH TOJTYYeHHBIX
IpHU pacyeTax SHEPrui akTuBauuu Baskoro tedenns (E ). Taxoke KoHIyKTOMETpHYECKUM
METOZIOM OblIa H3y4eHa dIEKTPOIPOBOAHOCTE pacTBopoB ADC mpu Temneparype 20-25
°C. Nzmepenus anekTponpoBogHOCTH pacTBOpoB ADC 10Ka3bIBaIOT, YTO C MTOBBIIIIEHUEM
COZlepKaHHA JIEKAPCTBEHHOTO IIperapara 3HaueHHWs YIAeNBHOW AIIEKTPONPOBOTHOCTH
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(%, mS/cm) pactyT. DTO OOYCIIOBIEHO YBEIMUYEHHEM KOJIMYECTBA AIIEKTPOIIPOBOISIIIX
YJaCTHILl B CUCTEME, IIPOUCXOAALIEE KAK 33 CUET KOHIIEHTPUPOBAHUS PACTBOPOB, TAK U 3a
CUeT Je3arperauny MALEIL.

KnrwueBble cioBa: accouuanusi, AMHAMMYECKas BSI3KOCTb,  YIEJIbHAas
3NEKTPONPOBOJHOCTD, IIOTEHIIMOMETPUS, OKHCIIMTEJIbHO-BOCCTaHOBUTEIIbHBIN
MOTEHLINAJ, MUKPOCKOIIUS

Qunancuposanue: Hayuno-mexuuyeckas npoepamma «CosepuieHcmeoganue
mep obecneuenus oOuonocuyeckol bezonacnocmu ¢ Kazaxcmane: npomusooeticmeue
onachvim u 0cob6o onachvim ungexyuamy (MPH BR218004/0223).

Kongnuxkm unmepecog: Asmopul 3as611i0m 06 omcymcemeuu KOHPAUKmMa
UHMEPECos.

Introduction

Iodine has been used as an antiseptic to prevent and treat a wide range of infections
for the long time ago. However, its use has been limited by a number of undesirable
factors, such as irritation, sensitization, staining of biological and artificial surfaces, low
solubility in water and high vapor pressure. In the early 1950s, the “conquest” of iodine
began with the study of its complex formation with certain polymers to form a new
class of compounds known as iodophors (Garg et al., 2007). lodophors are chemical
complexes containing a mixture of molecular iodine, iodide ions and a solubilizing agent
(Klimaviciute et al., 2012). Natural and synthetic water-soluble polymers and nonionic
surfactants are widely used as solubilizing agents. Complexation with polymer carriers
increases the solubility of molecular iodine, promotes its prolonged release (Boddie et
al.,1997) and reduces the steady-state concentration of free iodine (Kaiho et al., 2014).

Iodine has antimicrobial and antiseptic properties. While antibiotics are localized
in a specific location, iodine simultaneously affects all structures of the microbial cell.
Iodine binds to proteins, causing their denaturation through several mechanisms, for
example, by oxidizing SH groups on cysteine and methionine residues and preventing
the formation of hydrogen bonds between the amino groups of arginine and histidine
and the phenolic groups of tyrosine. Changes affect the structure and function of
microbial cells. In addition, iodine is able to bind to fatty acids via C—C bonds and some
nucleotides (adenine, cytosine and guanine), thereby changing the structure of nucleic
acids and the entire bacterial cell membrane. Thus, membranes and cytoplasm are rapidly
destroyed in cells exposed to iodine (Garg et al., 2007). For example, the effects of the
iodophore polyvinylpyrrolidone (PVP)-iodine have been studied in bacterial cells using
electron microscopy and biochemical methods and found to involve rapid cytoplasmic
partitioning, nucleotide coagulation, and loss of enzymatic activity. The cells did not
completely decompose, but pores appeared in the cell wall, causing leakage of cellular
components (Schreier et al., 1997). The wide range of uses of iodophor makes it possible
to create various iodine-polymer compositions: solutions, ointments, foaming creams,
films, mucoadhesive tablets, etc. lodophors are stable during long-term storage, and their
side effects are extremely rare (Cooper et al., 2007).

Iodine-polymer complexes are widely used in pharmacy, veterinary medicine,
medicine, production of disinfectants, and environmental protection. As mentioned
above, iodine is a universal antiseptic, but when it comes into contact with the skin,
an irritating effect occurs, limiting its use. lodine-containing polymers are devoid of
this disadvantage and are used as disinfectants, antimicrobial and antibacterial agents.
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Antibacterial activity of PVP-lodine observed in the pH range of 2.5-7.0. In vivo studies
have shown that PVP iodine kills 96.7 % of bacteria within 60 seconds of contact with
the mucous membrane of the eye (Ferguson et al., 2003). PVP iodine has many of the
properties required for wound treatment and has a wide spectrum of antimicrobial activity
(Shiraishi et al., 1997), affecting viruses (Kawana et al. 1997), fungi (Konig et al., 1997)
and parasites. PVP iodine does not cause resistance, is more effective against biofilms, is
well tolerated, acts on inflamed areas of the skin and has excellent ability to form films
(Kumar et al., 2009). Thus, iodophor is an ideal antiseptic for the treatment of skin and
mucous membranes during preparation for surgery.

Severe acute respiratory syndrome caused by coronavirus (SARS-CoV) was first
detected in November 2002 in Guangdong Province, China. The virus caused 774 human
deaths between November 2002 and July 2003 (Kariwa et al., 2006). Antiviral activity
against coronavirus was studied for povidone-iodine. Treatment of SARS-CoV with
povidone-iodine preparations for 2 minutes reduced the infectious titer from 1.17 x 10 ¢
TCID , /mL (50 % infectious dose in tissue culture) to a level below the detectable limit.
The efficacy of povidone-iodine was equivalent to that of 70% ethanol. As a preventive
measure, the use of sprays and rinses with povidone-iodine is important. The new
coronavirus SARS-CoV-2 appeared in the Chinese province of Wuhan in the last decade
of 2019. On March 11, 2020, the World Health Organization declared SARS-CoV-2 a
pandemic. Patients and healthcare professionals are encouraged to use sprays containing
0.5 % povidone-iodide, 0.28-0.30 ml in each nostril (Khutoryanskiy et al., 2010). The
total dose of iodine in this case is approximately 0.33 mg and does not cause any side
effects. Mouthwash with 9 ml of 0.5 % povidone-iodine solution for 30 s was suggested
in (Poutanen et al., 2005). The total dose of iodine in this case is approximately 0.05 mg.
It has been shown that a single injection of povidone-iodine leads to a decrease in the
microflora of the oral cavity within 3 hours.

There are more than 400 brands of pharmaceuticals (generics) based on iodine-
polymer complexes in the world (www.drugbank.ca/drugs/DB06812). The most common
active ingredients are iodine complexes with PVP and PVA.

The non-adhesive INADINE dressing consists of a low-adhesion fabric
impregnated with PEG and containing 10 % povidone iodine and 1 % free iodine.
INADINE has been shown to be effective as a non-adherent antiseptic dressing for the
primary treatment of wounded skin areas (Vermeulen et al., 2010). It has been established
that iodine-containing dressings are superior to dressings with sulfadiazine and inferior
to dressings with rifamycin. In addition, 5 % iodine-PVP ointment has been found to be
superior to silver sulfadiazine in wound healing. The drug has been shown to be effective
and well tolerated by pediatric patients (Lafferty et al., 2011).

Microbial infection of the burn wound can have a significant effect, as
microorganisms can contribute to the progression of partial-thickness burns to full-
thickness burns with severe consequences. PVP-iodine ointments have been used to
treat patients with burns of various sizes in combination with antibiotics and systemic
administration of vitamins E and C to alleviate oxidative stress in burn wounds (Al-
Kaisy et al., 2005). Ointments containing PVP-iodine have shown an efficacy of 15.3
% and a wound healing time of 4 days. which made it possible to reduce the cost of
staying in the hospital. Moreover, no side effects were observed. Of particular importance
in patients with concomitant skin injuries (e.g., open bleeding) are the effects of PVP
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iodine on neutrophils and oxygen radicals (Landsman et al., 2016) have developed
polymeric hemostatic materials with shape memory based on the hydrogel PEG-acrylate-
PVP-iodine to stop wound bleeding. Hydrogels increased fluid absorption by 19 times
compared to hydrogels without povidone-iodine and showed high antibacterial activity.
Hemostatic macroporous polymer foams were synthesized by tempering the highly
dispersed (inner) phase of an emulsion based on PEG and sodium acrylate (Lundin et al.,
2019). Polymer foams were impregnated with an iodine solution to impart antimicrobial
activity. Prolonged iodine release over 48 h was achieved at higher iodine concentrations
in solutions, whereas rapid release was observed at lower concentrations. The complexes
showed activity against the bacteria Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa, and Staphylococcus aureus.

A complex of iodine with sodium acrylate and N-vinylpyrrolidone copolymers
in combination with carboxymethylchitosan has been used to prevent postoperative
infection after treatment of vaginal diseases (Chen et al., 2018). The results of clinical
studies have shown that the composition under consideration is more effective than the
standard treatment method.

Another promising area is the creation of new drugs for targeted delivery of
iodine to hard-to-reach areas of the body and increasing the period of iodine action. For
example, povidone-iodine has been found to be suitable for the treatment of conjunctival
infections (Koerner et al., 2018). Another study demonstrated the efficacy of povidone-
iodine against pathogenic vaginal bacteria (Moghadam et al., 2018).

Thus, it can be said that polymer-iodine complexes are widely used as effective
antiseptics and antimicrobial agents in medicine and pharmacy. Structural modeling of
the polymer carrier opens up new opportunities for the use of iodophores as antiseptic and
antimicrobial agents in the treatment of various infectious diseases

The creation of new active pharmaceutical ingredients that have a wide range
of action is an urgent problem. Knowledge of the physicochemical characteristics and
structure of the drug is necessary in order to correctly interpret the mechanism of action
and its behavior after administration into the body. The structure and properties of the
drug, in the end, determine both the dosage form and the method of administration. In
this regard, the purpose of our research was to study the structure and properties of APIs
using a set of physicochemical methods.

Materials and basic methods

The object of the study is active pharmaceutical substances (hereinafter referred
to as API) provided by the Scientific Center for Anti-Infective Drugs. The drug is a
complex compound by its chemism, which is molecular and ionic complexes of iodine
with associates of synthetic water-soluble polymers, as well as natural mono-, oligo- and
polysaccharides and natural proteins. The total molecular weight of the drug is 55-60
kDa. 1000, 1:100 and 1:10. For potentiometric studies, solutions of potassium iodide
salts 12.0 g/, lithium chloride 4.0 g/1, calcium chloride 2.0 g/I, magnesium chloride 4.0
g/l were taken. Sigma Aldrich, Germany, 99.8 %).

Determination of the viscosity of API solutions

Viscometric studies of API solutions were carried out using a glass capillary
temperature-controlled viscometer. The viscosity measurement temperature of solutions
of various concentrations was 20, 25, 30, 35 and 40 °C. The dynamic viscosity of the
solutions was calculated according to the following formula:
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n=Kxt )

where 1 - dynamic viscosity of solutions, CPZ;
K - viscometer constant, determined by the flow of distilled water;
T - time for liquids to flow out of the capillary, in min

Determination of Electrical Conductivity

A Multi 3401 conductivity meter was used to measure the electrical conductivity
of API solutions. Previously, the readings of the device were checked on a standard
solution of 0.01n KCI at appropriate temperatures. The drug dilutions of 1:2000-1:10
were used.

Potentiometric Titration of API Solutions

In order to determine the potential of API solutions when diluted with water,
saline and electrolytes, a device was assembled, which consisted of a pH meter (universal
ionomer EV-74) connected to an analog-to-digital converter (ADC) ADAM-4018M
connected to a PC. The readings of the device were recorded in the computer using the
ADC. A working electrode (platinum) and an auxiliary electrode (silver chloride) were
lowered into the vessel with the liquid under study. The liquid used for titration of API
solutions was also supplied here at a constant rate. Potential measurements were taken
every 30 seconds. Further, the data were processed using the “Origin” program according
to the formula for determining the dependence of the equilibrium concentration of the
API solution on the time of measurement:

7o 3)

where C — initial concentration of the API solution, equal 1:10, v, — titration
fluid delivery rate, n/c, V — initial volume of API solution, equal 0,03 L.

Results and discussion

Viscometric studies of the medical drug API

Physicochemical studies of the drug, previously conducted studies have shown
that API solutions are suspensions that have thixotropic properties. This property is
characteristic of structured liquids, which is due to the presence of particles in the liquid
medium. To study the features of the flow of such systems, as well as unstructured
suspensions and sols, the method of capillary viscometry, which is common for liquids, is
used, based on the measurement of the volumetric velocity of flow through the capillary.

The dynamic viscosity (, CPZ) of the API solutions was measured with a
temperature-controlled viscometer at dilutions with saline of 1:1000, 1:100 and 1:10.
All solutions were pre-filtered. For comparison, the viscosity of the saline solution was
also determined. Measurements were carried out at temperatures of 20, 25, 30, 35 and
40 °C.Figure 1 shows the viscosity relationship graph for water, saline and API at three
dilutions. As measurements have shown, the viscosity of API solutions increases with an
increase in concentration compared to saline, in general: the maximum values of 1 have
an API solution with a dilution of 1:10.
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Fig. 1. Temperature dependence of viscosity on the composition of solutions: 1-H20, 2-NaCl, 3-API
1:1000, 4-API 1:100, 5-API 1:10

Thr Einstein’s law is usually used to describe the viscosity behavior of n dispersed
system (sol, suspension):

( - 0)/ 0=k 4)

where 1 and n — the viscosity of the colloidal solution and the pure dispersion
medium; ¢=V /V — volume fraction of dispersed phase (V) in the total volume of the
system (V); k - constant defined by the shape of the particles.

According to this law, the viscosity of such a system increases with the increase
in the content of the dispersed phase. The physical meaning of this law is that the relative
increment of viscosity is directly proportional to the relative content of the dispersed
phase. The larger the ¢ value, the more vigorous is the inhibitory effect of particles
(which do not have internal fluidity) on the flow. With linear dependence n from ¢
liquids are referred to as ordinary, or Newtonian liquids. Structured colloidal systems are
distinguished by the fact that they do not obey the laws of Newton and Einstein. For them,
the viscosity value usually increases with an increase in the content of the dispersed phase
much more. They are also called non-Newtonian fluids [2].

Figure 1 shows the regularity characteristic of structured liquids quite well:
with an increase in the content of the drug, the viscosity of solutions increases sharply.
Moreover, with an increase in temperature, this effect is even more pronounced, which is
probably due to an increase in the number of particles in the volume of the API solution
compared to lower temperatures. Below are graphs of the dependence of the viscosity of
solutions on temperature (Fig. 2 and 2-A).
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With an increase in temperature, the viscosity of all solutions decreases, and at
temperatures from 20 to 250 °C, sharper decreases in values are observed in comparison
with their change in the range of 25—400 °C. It should be noted here that this viscosity
behavior is more clearly manifested for the concentrated API solution itself. With a
decrease in the content of the drug, this phenomenon is leveled out.

During the measurement, an interesting feature of the viscosity change for the
concentrated solution itself was noted: if the viscometer capillary was not washed before
each measurement, then the effect of increasing viscosity in subsequent measurements
was manifested. This phenomenon was not observed with constant flushing of the
capillary: viscosity naturally decreased with an increase in temperature. Most likely, at a
given concentration of API, the thixotropic properties of the solution are manifested, i.e.
the structuring ability for it remains high even after filtration. The time of discharge was
measured sequentially one after another without flushing the capillary in order to verify
the possibility of structuring during viscous outflow through the capillary. The results are
presented in Fig. 3.
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Fig. 3. Curves of changes in the viscosity of API solutions depending on the number of
consecutive measurements:1-API 1:1000, 2-API 1:100, 3-API 1:10

Thus, the temperature dependence of viscosity can be conditionally divided into
two rectilinear sections that have different angles of inclination. In general, this curve
indicates that the system is undergoing a process of disaggregation. It is likely that the
large micelles present in the solution (especially in the 10-fold diluted API) break down
into smaller particles throughout the measurement process, with disaggregation being
most intense at temperature range of 20-25 °C.

As can be seen from the above data, in general, there is a noticeable trend towards
an increase in the elapse time from the number of the sequential measurement. This
behavior may be due to the fact that the structuring of the gel in solution occurs from the
walls where the adsorption of particles begins, which leads to the effect of reducing the
diameter of the capillary.

We tried to calculate the activation energy of a viscous flow (E,), for what a
dependency graph was built Ign from reverse temperature (Fig. 4), and then, using the
tangent of the angles of inclination of the lines drawn over the two sections, their values
for all solutions of API are determined (Table 1).

Table 1. Calculation of viscous flow activation energy

Composition of solutions Ea, kJ/mol (Range of Ea, kJ/mol (Range of temperature 25-40
temperature 20-25 °C) °C)

Water 6,88

Saline solution 7,20

API 1n 1000 s 4,75 6,31

APl 1n 100 s 5,30 6,98

API'in 10s 6,02 9,57
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Fig. 4. Dependence of viscosity logarithm from its temperature: 1- H20, 2- NaCl, 3-API 1:1000,
4-API 1:100, 5-API 1:10

However, the activation energy calculated from the initial ranges of the
(temperature 20-25 °C) for solutions the API was less than for pure saline. If for saline
E,=7,20 kJ/mol, then for an API solution diluted 100 times, it has a value of about 5 kJ/
mol. Such a decrease E, is probably due to the fact that during the breakdown of micelles
into smaller, part of the molecules NaCl is spent on the formation of new solvate layers.
This leads to a decrease in the number of free molecules in the system NaCl, as a result
of which E, API solution drops. Further, with an increase in the concentration of APC,
the activation energy increases slightly, reaching the value of 6,02 kJ/mol. The increase
in the values of the activation energy is due to an increase in the number of particles in
the volume of the liquid.

Thus, the data of viscometric studies prove unequivocally that API solutions are
structured liquids. This property of solutions is due to the presence of particles in the
liquid volume, the size of which can be different. Presumably, the particles are rather
large micelles (the shape of which can also be very diverse), capable of decaying into
smaller particles under the influence of both mechanical action and temperature.

Measurement of electrical conductivity of API solutions

We measured electrical conductivity on API solutions at three dilutions: 1:1000,
1:100 and 1:10 at the same temperatures as in viscometric studies at the beginning. At the
same time, the measurement technique was worked out, since the conductivity meter is
designed to measure electrical conductivity at temperatures 20-25 °C.

Fig. 5 shows the data on the dependence of specific electrical conductivity
() from temperature. The graph shows reference data on the solution for comparison
KCI. As can be seen, the electrical conductivity of saline and API with dilution 1:1000
match, but for API (1:100) values y are lower. This change is most likely due to micelle
formation, which leads to a decrease in the number of conductive particles due to their
aggregation. The next API solution (1:10) has relatively high conductivity values. This
indicates an increase in the number of electrically conductive particles with an increase
in the concentration of the drug.

The general pattern for all solutions is that with an increase in temperature,
electrical conductivity also increases. Such a change in the electrical conductivity of
solutions is quite natural, because with an increase in temperature, the viscosity decreases
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and the freedom of movement of electrically conductive particles increases. Similar to
viscometric studies, the activation energies of electrical conductivity were also determined
here (Fig.6, Table 2).

As can be seen from the table, there is a slight decrease in the values of the
activation energy of API solutions compared to saline, which is natural, since with an
increase in the concentration, the number of particles capable of conductivity increases.
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Fig. 5. Change in the electrical conductivity of solutions with temperature: 1. KCI, C=0,1 n.; 2. Saline; 3.
API'in 1000 s.; 4. API'in 100 s.; 5. APl 'in 10 s.
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Table 2. Calculation of activation energy of electrical conductivity

Composition of solutions Ea, kJ/mol (Range ot temperature 20-35 °C)
KCI0,T n. 6,53
Saline 7,15
APT1in 1000 s 6,84
APTin 100 s 6,81
APIm 10s 6,71

Taking into account the available data, we calculated the value of electrical
conductivity corrected for viscosity. The results are shown in Figure 7. Since the corrected
electrical conductivity is a characteristic of the number of conductive particles and taking
into account the fact that the total concentration of the electrolyte component at 10-fold
dilution does not provide a significant addition of conductive particles, it is necessary to
conclude that the increase in the mobility of new ions makes a significant contribution
to the resulting effect. As can be seen from the figure with an increase in temperature,
the electrical conductivity corrected for viscosity increases. With an increase in the
concentration of the drug, its values also increase. It should be noted here that on the
graph, the curves pass through small lows, which appear brighter with an increase in the
concentration of API. The increase in corrected electrical conductivity with temperature
clearly indicates the disaggregation of particles.
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Fig. 7. Dependence of corrected Fig. 8. Specific electrical
electrical conductivity on temperature. 1-API in conductivity of API solutions with different
1000 s, 2-API in 100 s, 3-API in 10 s (dilution dilutions

with saline).

Further, the electrical conductivity was measured at the same temperatures
when diluted with a saline solution of API from 1:2500 to 1:10 (Fig. 8). The curves of
changes in electrical conductivity with an increase in the content of the drug tend to
increase. This indicates an increase in the number of electrically conductive particles
with a concentration. As we expected, there are several minima at APC concentrations on
the conductivity curves 8x107, 4x102, 1x10% and 0,1. The appearance of these minima
is associated with the processes of micelle formation, which leads to a decrease in the
number of electrically conductive particles.

Potentiometric study of the stability of solutions of the preparation API

The meaning of the method is that with the help of a redox indicator electrode,

221



ISSN 2224-5227 2.2024

the role of which is played by platinum, the redox potential of the system formed by
solutions of the drug in salts of various concentrations is measured.

To find out the change in redox properties, titration was carried out with solutions
of salts included in the preparation in order to identify the individual effect of each of
them. Salt solutions were used: NaCl, LiCl, MgCl,, CaCl, n KI. In addition, titration with
ordinary distilled water was carried out for comparison.

Figures 9—15 show the curves of the dependence of the redox potential of the
system on the concentration of the drug in conventional units, which practically denote
the value inverse to the dilution of the original preparation API. In semilogarithmic
coordinates, the main part of the curve is a straight-linear section with an angle of
inclination close to the angle of inclination for an electrochemical reaction with a single-
electron transition. Moreover, the angle of inclination is also close to the value for a
single-electron junction. This behavior can be explained by the fact that the reaction by
which this process can be described involves a certain equilibrium associated with the
molecular and ionic forms of iodine, depending in this case on dilutions or concentration
ratios.
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Figure 9. Potentiometric titration of Figure 10. Potentiometric titration of
API solutions with water solutions of the drug product API with NaCl
solution
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Similar curves that were obtained during titration of NaCl (Fig. 10) and LiCl
(Fig. 11) have some differences, perhaps not so significant, which consist in a decrease in
the angle of inclination of the curve during dilution.

An even more pronounced difference is the titration curves of API solutions with
divalent metal solutions, i.e. MgCl, (Fig.12) and CaCl, (Fig.13) At the same time, there
is a clear curve break, at approximately the same concentration for both solutions, at
dilutions of about 1/200, which coincides with the presence of cash registers in that area,
and at the same time there is a change in the angle of inclination, which for MgCl,, can
be represented as a transition from one-electron equilibrium to two-electron equilibrium,
and for CaCl, from single-electron, to an even greater value.
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Figure 11. Potentiometric Titration of API Figure 12. Potentiometric titration
solutions with LiCl solution of solutions of the drug product API with
MgCl, solution
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Figure 13. Potentiometric titration of solutions of the drug product API with CaCl, solution

If we analyze the type of dependence from the point of view of equilibrium on the
electrode, then it can be described on the basis of the assumption of the constant activity
of the oxidized form of iodine, i.e. molecular iodine, and the activity of the reduced form,
i.e. J;, which changes during dilution during titration and as it should be in this case, the
slope of the curve should be according to the Nernst equation - 0.59 mV by an order of
magnitude, and the angle of inclination should be negative, which we see in this case.
For example, for the cations Li*, Mg?* and especially Ca*" the inclination angle begins to
drop sharply with increasing dilution. This behavior may indicate that with large ratios of
the concentration of I to the concentration of ions of the titratable solution, i.e. Ca** Mg*
and Li" ions, a significant part of J can fall into the sphere of complexation of these very
titrative agents and there is an effective decrease in concentration.

Another explanation for the change in the angle of inclination of the dependence
may be that in the area of about 200 dilutions, where this transition is most often observed,
we just observe the rearrangement of micelles. On the curves of the dependence of surface
tension on composition, we have fracture points associated with their realignment. In
addition, if we consider in more detail the course of the curves during titration with water,
NaCl, LiCl, we can see that kinks also exist at dilutions of the order of 700, 800, which
also corresponds to the critical concentration of micelation found in other experiments.
The same can be seen in the titration curves with CaCl, solution. A similar kink in the
dependence is present on the titration curve MgCl,. Changes in the angle of inclination
with a change in the concentration corresponding to the rearrangement of micelles may
well be due to the fact that a change in the structure of the aggregate cause’s different
types of equilibrium of this aggregate with the solution, in any case, differences in these
equilibriums, which is reflected in the angles of inclination. Judging by the fact that this
is characteristic for divalent cations and partly for Li, it can be assumed that particles
with more pronounced acidic properties largely determine the very process of micelle
formation.

In general, a change in the angle of inclination on potentiometric curves indicates
that the process passes from the region of constant activity J? in the solid phase to the
region where a change in the concentration of some component of the solution (in
particular, Mg and Li*) leads to a change in the activity of molecular iodine to the solid
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phase, i.e. micelle. The question of the equilibrium of the system should be touched
upon separately, since the available data on dilution with water and physiological, as
well as the initial sites for dilution with solutions of other salts, indicate that the system
must be equilibrium. Therefore, with a high degree of probability, it can be assumed
that the changes that occur with the micelle during titration with salts containing rather
acidic cations are due to the fact that these cations are additionally incorporated into the
composition of the micelles and lead to a decrease in the activity of molecular iodine in
it, which is manifested in a change in the angle of inclination.

The most unexpected dependence was obtained during titration with KJ solution
(Fig. 14-15). The course of the relationship corresponds to a formal increase in the activity
of the oxidant in the solution, which can be easily explained by the fact that an increase
in the concentration of KJ (compared to other components) leads to a shift in equilibrium
towards the extraction of molecular iodine from micelles in the form of tri-iodide. If
we recalculate the titration curve for the dilution of the iodide ion in the solution of the
preparation, we get a curve with a slope very close to the theoretical slope for J- (Fig. 15).
Later, at high concentrations, the dependence breaks down, and the main factor in this
balance begins to be the complexation of iodine from the micellar state.
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Figure 14. Potentiometric Titration of Figure 15. Potentiometric titration of
API-1 Solutions with KJ Solution solutions of the drug product API with KJ solution,

recalculated for dilution of the iodide ion
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Summarizing all of the above, it can be concluded that potentiometric
measurements allow us to assume that iodine in oxidized form is in the form of particles
with its constant activity in phase, i.e. micelle. This is possible if this iodine is packed
inside the micelle and at the same time is in connection with J-, which are located in the
outer shell of the micelle, giving it a negative charge, which entails the disintegration of the
micelles as such and its rearrangement into different forms. In order for this aggregative
state to be stable, it is probably not enough to have only an organic component or only
molecular iodine in the nucleus. Most likely, it is some kind of combination consisting of
organic molecules, in which a complex of tri-iodide ion with a metal cation is enclosed,
for example Mg?**, Ca*", Li".

Conclusion

1. As a result of viscometric studies, it was established that API solutions are
non-Newtonian liquids characterized by the presence of structures. With an increase in
temperature, the viscosity of solutions decreases. On these curves, there is a slight break,
which indicates the course of the processes of disintegration or disaggregation of existing
structures or associations. This effect is also confirmed by the data of calculations of the
activation energies of the viscous flow (E).

2. Measurements of the electrical conductivity of API solutions show that with
increasing drug content, the y value increases. This is due to an increase in the number of
electrically conductive particles in the system, which occurs both due to the concentration
of solutions and due to the disaggregation of micelles. On the curves of the dependence of
electrical conductivity, four minima were found at dilutions of 1:1200, 1:250, 1:100 and
1:10. The appearance of minima is associated with the processes of micelle formation,
which lead to a decrease in the number of electrically conductive particles.

3. Potentiometric studies of the stability of API solutions suggest that iodine in
an oxidized form with constant activity is located inside the micelles. At the same time,
it 1s in a certain ratio with iodine anions located in the outer membrane of the micelle,
thereby giving it a negative charge, which entails the disintegration of the micelles as such
and its rearrangement into different forms. The stability of these aggregates is probably
ensured by a combination of organic molecules in which a complex of tri-iodide ion and
metal cations is enclosed.
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