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Paspaboranbl HHBEKIIMOHHBIC (DOPMBI TPYJTHOPACTBOPUMON CyOCTAHIIUM POTUBOTYOCPKYIES-
HOTo aHTHOHOTHKA pudaneHTHHa. [ noxy4eHus BOJOCOBMECTUMBIX (opM pHudaneHTHHa Hc-
HOJIL30BAHBI OCJIKHU: YEIOBCYSCKUH CHIBOPOTOUHBIN aNb0YMUH, CYKIIMHIIMPOBAHHBIH XKelIaTHH
U Ka3enHaT HaTpus. BomocoBMecTnMble (hOpMBI pr(aNeHTHHA ONTyYann 0CaKICHHEM HIIH T0-
MmoreHm3arueil. Hanbomnee >ppekTHBHBIM OKazaycs METOA YABTPA3BYKOBOI TOMOTEHH3AIHH,
MI03BOJIMBIINI TTOMYYNUTh YCTOWYNBBIE KOJUIOWAHBIE CYCIICH3HHU C COAep)KaHneM pHrdaneHTHHa
B BOJHOH (aze, gocturaromum 9 — 10 mr/mi1, To ecTh npakrudecku B 100 pa3 mpeBbIIIarOIuM
€ro pacTBOPUMOCTh B Boze. PazbaBieHue cycrieH3uil NpUBOAMWIO K AMCCOLMALIMU arperaros,
00pa3yroIuxcs B IPOLEecce COMI00MIM3aHU, U 00Pa30BaHUIO [IPO3PaYHOro pactsopa. Pazmep
YaCTHUII IPH 3TOM yMeHbIancs 10 10 — 20 HM, 9TO COOTBETCTBYET pa3Mepy YacTHUIl B PacTBOPE
0EeJKOB TOW K€ KOHLEHTPAIMH, YTO HCKII0YAET BO3MOKHOCTH SMOOJHU NPU WH(Y3HOHHOM
BBEJICHUH MOA00HOM BomoCcoBMeCTHMOM hopMbl pudanenTrHa. [lorydeHHbIe JaHHbBIE CBHE-
TEJILCTBYIOT O HEPCIEKTUBHOCTH BBIOPAHHOTO MOAXOMa K CO3MAHHUI0 MHBEKIHOHHOH (GOopMbI
pudaneHTuHa.

KitioueBble ciioBa: 6eiku; KOMILIEKCOOOpa3oBaHue; pudaneHTuH; COMFOOMIN3aIus; TyOepKyIés.

Pa3paboTka WHBEKIIMOHHBIX (POPM TPYIHOPACTBOPH-
MBIX CyOCTaHIIMH SIBISICTCS OJJHON M3 Hauboliee aKTyab-
HBIX M CIOKHBIX 3a71a4 (papMaIieBTHUCCKOW TEXHOJIOTHH.
B To e BpeMs TOBBIIICHHE PACTBOPUMOCTH TaKHX CyO-
CTaHIMI KpailHe Ba)XHO, MOCKOJIbKY MMEHHO PacTBOPH-
MOCTH SIBJSIETCSI OJHHM W3 HamOoiee 3HAUYMMBIX (aKTo-
POB, ONPEHCIAIONINX OHOTOCTYIHOCTb H, B KOHCYHOM
cuete, Y3PPEKTUBHOCTh U 0E30MaCHOCTh JICKAPCTBEHHBIX
BeniectB. Jist pemenus 3Toii mpoOIeMbl UCIIONB3YIOT pa3-
JWYHBIC TTOIXOIBI, HAIpUMeEp, XUMHUYECCKYI0 MOIU(HKa-
M0, CO3[aHHME  ‘‘CAaMOAMYJIBIHUPYIOIINXCS  CHUCTEM
(SEDDS, SMEDDS) [1], no6aBneHre BCIIOMOTaTeIbHBIX
BellecTB (copacTBopuTeneil, Bockos, [IAB u mip.) [2], mo-
JTydeHUe HAHOKPUCTAIUIOB [3], TEXHOIOTHIO TBEPAON JHC-
nepcun [4 —7]. B To ke BpeMs BCE mmpe HauWHAET MpH-
MEHSATBCS CONIOOIIIH3ANHS TPUPOTHBIMHA COSINHEHUSIMH,
B YAaCTHOCTH, OENKaMH, TaK KaKk OHH MEHEEe TOKCHYHHI,
yeMm cuntetudeckne ITAB, n obecneunBaroT OGoiee miu-
TEJBHYIO CTAOMIIBHOCTH KOJUIOMIIHBIX CUCTEM [8 — 22].

Pudanentun (Rp) — TpymHOpacTBOPUMEIN MPOTHBO-
TyOepKyYIE3HBI aHTHOMOTHK, €r0 paCTBOPHMOCTE B BOJIE
He npesbimaer 1 mr/ma [23, 24]. bnarogapsi 3HaYMTENb-
HBIM TIperMymiecTBaM (OoJiee BBICOKOW HHTHOHPYIOIICH
AKTHBHOCTH B oTHOIIeHUH M. tuberculosis n Gonee min-
TEIFHOMY IIEPUOY MOTYBBIBEICHNUS ) IO CPABHEHHIO C PH-
(damnunmaoM [25 — 31], Rp sBNIsleTcss OCHOBOMW CTaHIapT-
HOW CXEMBI JICUCHHS JIEKApCTBEHHO-YYBCTBHUTEIHHBIX
(dopM TyOepKyné€3a B COOTBETCTBHU C PEKOMEHIAIMSIMHE
BO3. HecMmoTpst Ha MOMBITKA MOBBIIICHUS PACTBOPUMO-
cti Rp (momydeHue comneii ¢ raloreHOBOIOPOTHBIME KH-
CIIOTAMH WJIM OTHOPOMAHBIX IO CTPYKTYpe KPHUCTaJUINYe-
CKUX (OpM, CIUIABICHHE C MOJOKCaMepaMy M IOJIHITH-
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neHrukosaMu) [32 —34], uabeKMoHHas (opMa aHTH-
OMOTHKA IO CHX TIOp HE CYLICCTBYET, U OH BBIITYCKACTCS
TONBKO B (popMe TabIETOK W Karicyl, Harmpumep, priftin®
(Sanofi), pudanexc® (Lupin Ltd).

Lempio HACTOSIIETO WCCIICIOBAHUS CTal0 H3yYCHUE
BO3MOYKHOCTH TIONyYCHUS BOJOCOBMECTUMEBIX (GopMm Rp
Ha OCHOBE OCITKOB: YETIOBEYECKOTO CBIBOPOTOYHOTO alIb0y-
muHa (HSA), cykuununupoBannoro xenaruda (SuccGel)
u ka3zeunara Hatpus (CasNa).

Oxcnepumenmanvrasn yacmo

B pabote ucnonn3oBanu pudanentir (98,9 %, Luohe
Nanjiecun Pharmaceutical Group Pharmacy, Kuraii), anb-
OymuH dYenoBedeckuil ceiBopotounsid (HSA, 20 % pac-
TBOp, Baxter, ABcTpus), jKeNaTuH CyKIWHIUTHPOBAHHBIN
(SuccGel, 4 % pactBop, B. Braun, I'epmanust), Hatpust ka-
semnar (CasNa, Sigma, CIIIA), a Takke AUXIOpPMETaH
(DCM, x.u., Xummen, Poccus), IMCO (x.4., Xummen,
Poccust), aneronutpun (AcCN, uymereiid ans BOXKX,
J. T. Baker, Hunepnanuer).

BonocoBmectumble popmbl Rp nomaydanu ocaxkaeHu-
€M WJIM TOMOTEHHM3alKel ¢ IIOMOMIBI0 BEICOKOCKOPOCTHO-
ro aucnepraropa (Ultra-Turrax T18, IKA, I'epmanust), ro-
MoreHmzaropa Bbicokoro gaBneHust (Emulsiflex-C5,
Avestin, Kanana) uinu ynpTpa3ByKOBOIO TOMOT€HH3aTOpPa
(Sonopuls HD2070, Bandelin, I'epmanmst).

Mertoa ocaxaenusi. PactBop Rp B AcCN mo karuisim
MIPH TepEeMENIMBAHUU J00ABIISUIA B BOJHBIA pacTBOp Oel-
Ka, manee rmepemenmBany ero emgé 3 4. [loxydennyro cyc-
MCH3HUI0 (PHJIBTPOBANM Yepe3 IOPHCTHIN CTEKISTHHBIN
¢weTp (mop Ne 1), 106aBsIIM B KAY€CTBE KPUOTPOTEKTO-
pa manaut (1 %), 3aMopaxkuBagl U JUO(UIU3UPOBAIH
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(muodunbras cymmnka Alpha-Christ 2 —4 LSC, Martin
Christ Gefriertrocknungsanlagen, I'epmanus).

MeTton romorenuszanuu. Pacteop Rp B DCM no6asis-
T B BOJHEIA pacTBOp OelKa M TOMOTCHU3UPOBAIH. 3aTeM
CYCIIEH3MIO MepeMelINBaIl B TeUeHUe | U A yJaJeHus
OpPraHUYeCKOr0 PaCTBOPUTES, PUIBTPOBAIU U JTHODUIHU-
3UpoBajIy B NpUCYTCTBUU 1 — 5 % MaHHMTA, KaK yKa3zaHO
BEIIIE.

YcIoBUS SKCIIEPHUMEHTOB MpUBeNeHBI B Tabm. 1. Kax-
JIbIM M3 BBIIIENIEPEUUCIEHHBIX METOJIOB B OIMHAKOBBIX yC-
JIOBUSX MOMYYally 110 3 cepur 00pasIioB.

DU3UKO-XUMHYECKHE XapaKTepucTUKU. DU3UKO-Xu-
MHUYECKHUE MapaMeTphl OMPEACIBIIH Ul 00pa3IoB, CoXpa-
HUBIIMX arperaliioHHYI0 YCTOHYUBOCTD (pecycrneHaupye-
MOCTB) TOCJE JIMOPUIN3AIMU. YOBICTBOPUTEIEHBIMU
CUUTAIH 00pa3lbl, KOTOPHIE IMOCIE JOOABICHNS HCXOIHO-
ro 00béMa BOIbI B JIHOPHIU3AT 00PA30BBIBAIN OHOPOJI-
HYI0 KOJUIOMJHYIO CHUCTEMY 0€3 BHAWMBIX arperaroB u
ocaJlka, YCTOHYMBYIO B TeueHue He meHee 4 u mpu 4 °C.
OO6pa3upl ObUTH OXapaKTepU30BaHbI C TOYKU 3peHHs 00-
niero cozepkanus B HuX Rp, copepkanus Rp B BogHOHI
(haze, cpemHEro AMAMETpa YACTHI[ M HWHJAEKCA IOJIHIHC-
nepcHocth. O0miee conepkanue Rp B muodunmsare u co-
nepkanue Rp B BogHOM (asze ompenernsuin criekTpodoro-
MeTpudeckuM MetonoM (crekrpodoromerp Helios Zeta,
Thermo Fisher Scientific, CILIA) no npeaBapuTeNbHO MO-
cTpoeHHbIM KamuOpoBkam B JMCO (A = 482 Hwm;
A=0,0193-C; C=5-50wmkr/™Mn) wmm B  BOAC
(A=474 am; A =0,0198 - C; C=5— 50 mxr/mn). s on-
peneneHus 00LIero CoAepIKaHUs JINO(UIN3AT PACTBOPSITU
B JIMCO, oOpabarsiBanu 3 MUH Ha YJIBTPa3BYKOBOH OaHe
(UC-02, Lab Companion, Kopest), ocamok oTaensiu meH-
tpudyrupoBanuem (13 200 o6/mun; 30 MuH; eHTpUdyTa
5415R, Eppendorf, ['epmanus) ¥ mpoBOIWIN OIpeneIie-
HUE B cynepHarante. s onpenencHus cogepkanus Rp B
BoHOU (haze JIMOpMIN3AT PeCyCHeHIUPOBAId B UCXOA-
HOM 00BbeMe BOJIbI, 0CA/IOK OTEIISIIN EHTPUPYTUPOBAHH-
em (13200 06/muH; 30 MUH) U IPOBOAMIIM ONIPEICICHUE B
CyHepHaTaHTe.

TaGunuma 1
YcsioBus OJTy4eHHsT BOOCOBMeCTHMBIX popM pudaneHTHHA

Meton VYenosust Opranunueckas ¢paza  Boxnas ¢aza
OcaxaeHue 450 06/muH; 39 PactBop 20 Mr  12,5Mn13 %
Rp B 0,9 mn HSA; 1%
AcCN SuccGel man
1 % CasNa
Jucnepruposa- 24 000 o6/mun; PactBop 80 Mr 12,5 M1 3 %
HHE 2 MUH Rp B 0,9 M HSA; 1%
DCM SuccGel nnu
1 % CasNa
Tomorenuzanuss 12 000 psi; PactBop 150 Mmr 12,5 M13 %
BBICOKOTI'O JIaBjie- 5 MUH Rp B 0,9 mn HSA; 1%
HHUS DCM SuccGel unu
1 % CasNa
VubrpasBykoBas 70 Br; 6 mun;  PactBop 200 Mr 12,5 mu 3 %
romorenm3amusg 0 °C Rp B 0,9 M1 HSA; 1%
DCM SuccGel wan
1 % CasNa

40

Cpenuuii [uaMeTp 4acTUIl U MHAEKC MOIUIAUCIIEPCHO-
CTH OIPEAENsIA METOAOM (DOTOH-KOPPENSIIUOHHON CIIeK-
TPOCKONUM C TIOMOIIBIO aHaJM3aropa HAHOYACTHII
(Malvern Zetasizer NanoZS, Malvern Instruments, Bemnu-
KOOpHUTaHUS).

Bcee usmepenus nosropsiin 4 pasza. Cepun Obun co-
[IOCTABJICHBI 10 BHIILICNIEPEUNCIICHHBIM XapaKTEPUCTHKAM.
s cpaBHEHM UcTonb30Bau kpurepun Puiepa u Kpy-
ckana — Yoliuca, OpUEHTUPYACh Ha YPOBEHb 3HAYMMO-
ctu, paBusii 0,05 [35].

Pesynomamet u ux obcyscoenue

HSA, »xenaTuH 1 Ka3eHH MIMPOKO HCIOIB3YIOTCS B Me-
IunuHe ¥ (hapMaleBTHICCKON MPOMBIIIICHHOCTH. HSA,
OCHOBHOW OEIOK ITa3Mbl KPOBH, SIBISICTCS YHHBEPCAb-
HBIM [IEPEHOCYUKOM KaK SHIIOTCHHBIX, TaK M 3K30TCHHBIX
Beuiects [17]. OH ucnonb3yercs Ajs JIeUeHHs II0Ka, 03K0-
rOB, B KauecTBe IIazMo3zameHurens u T.14. [15]. Ctpykry-
pa HSA mpencrasisier co0oii rubko coeiMHEHHBIE IPYT €
apyroMm 3 nomeHa, mo 2 cyOnoMeHa B Kaxkaom (puc. 1).
N3BecTHO 0 2 ydacTkaxX, 00ECHEYMBAIOIIUX JOCTATOUHO
MIPOYHOE CBSAZBIBAHWE PA3IIMUHBIX COCIMHEHUH, PacIolo-
XKeHHbIX B cyoqomeHax IIA u IITA. Konblorars! nim HaHO-
pasMepHbie arperarsl HSA uCHoOnb3ylOT Kak CpencTBO
JOCTaBKM JIGKapCTBEHHBIX BemiecTB. Hambomnee msBect-
HBIH puMep 3¢ dexTuBHOrO Hcnonk3oBaHust HSA B kaue-
CTBE HOCHUTEISl TPYJHOPACTBOPUMOMN CYOCTaHIIMH — DTO
npenapar abpakcan®, HaHopasMepHbIii Komruiekc HSA ¢
maknuTakceaoMm [12 —15]. OmmcaHo Takke CBS3bIBAaHUE
HeKoTOpbIX pudamuiiuHoB ¢ HSA. Tak, ans pudamurna
SV, HCXOMHOTO COETUHEHUSI, U3 KOTOPOTO MOMYYWIIH PHU-
¢ammunme 1 Rp, koHcTaHTa cBsA3biBaHus ¢ HSA cocras-
asteT ~ 106 1/MoIb, IPH 3TOM CTEXHOMETPHUS KOMILIEKCA
MpUOIM3UTENHHO paBHA 1, YTO TOBOPUT O CHJIHHOM B3au-
MojieiicTBUU OejKka U aHTHOMOoTHKA [16 — 19].

XKematnH (4acTHYHO THAPOIU3OBAHHBIA KOJIareH, B
AMHMHOKHCIIOTHOH TTOCIIEIOBATEIEHOCTH KOTOPOTO Tpeood-
JIAIAI0T TIUIUH, TIPOJIMH U OKCHUIIPOJIMH) TaKke oOnanaer
cBoiicTBaMH dMynbraropa [36] u MOXKET BBICTyNaTh B Ka-
YECTBE CPEACTBA JOCTABKHM JIEKAPCTBEHHBIX BEIIECCTB.
Hampumep, HaHOUacTHIIEI Ha OCHOBE JKeJaTHHA obectie-
YHBAIOT KOHTPOIUPYEMOe BEICBOOOKIeHHE Rp, Ooiee BbI-
COKYI0 3((EeKTUBHOCTD JICUCHHS M JIydlIue (hapMaKoKH-
HETUYECKHE IMOKA3aTeIH IO CPABHEHHIO C IEPOPATBHOMN
(opmoii sToro antuduoruka [11, 20, 21]. SuccGel, menee
BSI3KHH 110 CPaBHEHUIO C OOBIYHBIM JKEJIATHHOM, HCIIOJNb-
3YIOT B KadecTBe Tuiazmo3zamenuress [21]. Hanuaue B ero
MOJIEKYJIaX CYKIHHHIIBHOTO OCTaTKa MPUBOIUT K ITOSIBIIC-
HUIO JOTOJHHUTEIFHOTO OTPUIATEIHLHOTO 3apsijia, 4TO B
MIPUHLUIIE MOXET CIIOCOOCTBOBaTh CTAOMJIM3ALMK HAHO-
cycrieH3uu Rp.

Kazenn (BXomsmuii B COCTaB KOPOBBETO MOJIOKA CIIOXK-
HbI Oenok u3 rpymmbl (ochONnpoTEHIOB) HCIOIB3YIOT
KaK CTaOMIIN3aTop MUIIEBBIX U JIEKAPCTBEHHBIX SMYIIBCHH.
CasNa — HarpueBasl COJb CMECH Pa3IMIHBIX KA3CHHOB
(o=, Oy, B- ¥ K-), TydIIe pacTBOPHMast B BOZIE, YEM caM
KazerH. MoJekyna Ka3emHa o0NlalaeT sSIPKO BBIPAKCHHBI-
MU aMQUOWIEHBIMA CBOMCTBAMHU, YTO CIIOCOOCTBYET
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Puc. 1. Mogens monekynsl HSA ¢ yuacTkamu cBs3pIBaHHSA (g ) 1 XUMHYECKas CTPYKTypa Rp (6).

00pa30BaHMIO MHIIEILI, TAKXKE cTabmm3upyrommxcs ¢oc-
(aTHBIMM TpyNmIaMHd ¥ BKparuieHusMu ¢ocdarara Kalb-
s [37]. Onucana MuLEUIsipHAs GopMa IPOTHBOOITYXO-
JICBOTO Tpenapara MHTOKCAHTPOHA Ha OCHOBE Ka3eWHA.
[Momo6Has muresia cocrosiia U3 15 — 60 MONeKyIT Ka3eH-
Ha 1 BMemana B ceds 90 — 360 MoneKysT MUTOKCAaHTPOHA
[11,22].

B nanHOM HCCeIOBaHWU BCE MEPEUUCICHHBIC OCIKH
(HSA, SuccGel, CasNa) ucronb30BaHbl il TOIXY4YECHUS
BoJiocoBMecTUMON (popmbel Rp. MokHO OBUTO OXMIATH,
YTO CBOMCTBA MOTy4aeMOi BOJOCOBMECTUMON (opMbl Rp
OyIyT BO MHOTOM OIPEACNIATHCS CBONCTBAMH HCIIONb3Ye-
MOro 0eKa, ero CrtoCoOHOCTBIO CBA3BIBATh Rp 1 crabunu-
3upoBaTh cBOOOMHBIA Rp. OueBnmHO, 4TO TEM OOJIBIINM

OyzieT ero conmepkanue B npenapare. s moryueHus Bo-
JnocoBMecTUMBIX (hopM Rp ucrosp30Bamu 2 MeToia: ocax-
JeHust 1 romorenn3anyu [36]. B mepBom ciyuae Bomoco-
BMeCTUMBIE (DOPMBI TOTyYaId ITyTEM OCAKICHUS aHTH-
ounotrka, pactBopéHHOro B AcCN, B BOIHBIA PacTBOpP
Oenka; BO BTOPOM — TOMOTEHHU3AIUECH CHCTEMBI, COCTOS-
miei u3 pacteopa Rp B DCM u BogHOTO pacTBOpa Oelka.
VYcaoBUsI TTOTyYeHHsT BOZOCOBMECTUMEIX (hOpM OBLIH OTI-
peneneHsl B IpeABAPUTEIbHbBIX IKCIIEPUMEHTAX.
YCcTaHOBIIEHO, YTO METO/IbI B IIEJIOM BOCIIPOU3BOASATCS,
pasiandusa MCEXAy CepussMH CTATUCTHYCCKU HE3HAYUMbI
WIN 3HAYHUMbl, HO HCBCJIHMKH. HpI/I O9TOM CTAaTHUCTHYCCKH
JIOCTOBEPHBIM 0Ka3aJloCh CXOJICTBO B collepaHuu Rp, B
TO BpeMs KakK pa3Mepbl YacTHIl paziuyainuch vaime. Ha-

TaGnuma 2

DU3NKO-XUMHYECKHE mapaMeTpbl BOIOCOBMECTHMBIX q)OpM Rp, MOJIYY€HHBIX Pa3HbIMU ME€TOAAMH (cpeu}lee 3HAYeHHue + JIOBepHTeJ]LHbIﬁ

HHTEpPBAJ)

Merox nonyuenus Berok Obmee conepxkanue CozepxaHue CBA3aHHOTO Cpenuuii uamMeTp Wnnexc
Rp, mr/min Rp, mr/min YacTHLl, HM TOJIUIUCTIEPCHOCTH
OcasxieHne HSA 1,13 £0,03 0,647 + 0,022 404 £ 11 0,252 0,013
SuccGel 1,14 40,04 0,262 + 0,006 4494 + 645 0,533 + 0,065
CasNa 1,04 +0,03 0,671 +0,026 203+3 0,346 + 0,024
Jlucnepruposatue HSA 4,90 0,07 0,755+ 0,013 1567 + 66 0,616 + 0,056
SuccGel 4,69 +0,07 0,338 + 0,004 5309 + 1029 0,466 + 0,102
CasNa 438+0,14 0,548 £0,013 2791 + 151 0,342 + 0,032
ToMoreHu3aHst HSA 6,58 £0,11 0,666 + 0,010 290 +5 0,186 + 0,017
BBICOKOTO [IaBJICHIA SuccGel 6,66 +0,13 0,333 £ 0,003 6099 + 1149 0,690 + 0,114
CasNa 6,78 £0,13 0,666 + 0,023 574 +26 0,336 + 0,025
VibTpassykoBas HSA 9,93 +0,14 0,673 + 0,014 453+ 15 0,239+ 0,013
TOMOTCHI3AIMA SuccGel 9,43 +0,14 0,332 + 0,005 7956 + 793 0,797 £ 0,071
CasNa 10,13 0,18 0,681 £0,018 648 + 8 0,233 £0,011
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Boausrii
pacTBop Oenka

OcaxJIeHUE HITH
TOMOT€HHU3ALHs

Bonocosmectumas
(dopma pudaneHTuHA

2 @
®

Opranuyeckuit
0 0 pacTsop Vnanenue
prdaricHTHHa OpraHHYECKOro @
O pacTBOpUTEIIS (o)

1_@®3

O Morekyna pudaneHTHHa B pacTBOpe w Kommiexe pudanentuna ¢ 6emkom

/MW Morexyna Genka B pacTBope

Crabunu3anyst 4acTull pugarneHTHHA
OesrkoM

Puc. 2. Cxemarnyeckoe I/I306pa)KeHI/Ie TOJYYCHUA U COCTaBa BOAOCOBMECTUMBIX (1)0pM Rp Ha OCHOBE OCIIKOB.

npumep, B crydac HSA u CasNa oOmee copepxanue Rp
cocraBmio (9,93 £ 0,14) u (10,13 £ 0,18) mr/mi, a pa3me-
pel yactun (453 £ 15) u (648 £ 8) HM, COOTBETCTBEHHO.
[To-BuauMoMmy, 3T0 OOBACHIETCS TEM, UTO 00Pa3yrOTCA ar-
peraTbl OEJIKOBBIX MOJIEKYJI, KOTOPbIE MOTYT UMETh Iepe-
MeHHBIA cocTaB. [lodydeHHBIE THOPHIM3ATEI C JETKO-
CTBIO PECYCIICHIUPOBAINCH, 00pa3ys OXHOPOJHEIC CHUCTE-
MBI, KOTOPBIC OCTaBAJINCh TAKUMH B TCUEHHE OKOJIO 4 4
npu 4 °C. HanbosnpImast ycTOWIMBOCTH OBIITa OTMEUEHA y
cycnensuid, crabunmmsupoBanHbix CasNa (npu 4 °C oHu
OCTaBaJICh OIHOPOAHBIMU HE MeHee 4 4). DKCIeprUMeH-
TaJbHbIE JaHHBIE MIPEJCTaBIeHbI B Ta0. 2. B cuity xopo-
el CXOIMMOCTH MEXIy CepusiMH 00pas3loB (CTaTUCTH-
YeCKH HE3HAuNMbIe WM HECYIIECTBEHHBIC DPa3JIHIHs)
BBIOOPKH OOBEAMHSIIM M PACCUNTHIBAIM OOINUH JOBEPH-
TEJIHHBIA MHTEPBAJ (COOTBETCTBEHHO, YXKe He Ui 4, a s
12 3HaveHuil).

Conep:xanne Rp. HauGonee Bricokoe conepkanue Rp
B CycIieH3uH, fgocturaroniee 9 — 10 Mr/mii, To ecTh mpak-
trdeckd B 100 pa3 mpeBsImaromiee ero pacTBOPUMOCTh B
Bone (0,108 £+ 0,006) Mr/mit, ObUTO AOCTUTHYTO METOIOM
VABTPA3BYKOBOM TOMoOTeHH3anmu. HanmeHee >(QexTus-
HBIM METOZOM OKazajioch ocaxiaeHue. Cozmepxanue Rp
COCTaBMJIO BCEro OKOJIO | MI/mil, XOTS M 3TO 3HAYECHHUE
MPEBBIIIAET €r0 PacTBOPUMOCTh NPUOIM3UTENBHO B 10
pa3 (tabn. 2). UaTEpecHO, 4TO B ATOM CiIy4ae BIUSHUE
MIPUPOIBI OEJIKa IPAKTUIECKU He BEIpaXkeHo. [ Bcex wc-

Tabnuua 3
PacTBopuMocTh cyGcTaHIMM pudaneHTHHA B BoJe H BOAHBIX pac-
TBOpax 0eJKoB

KoHueHTpanus HachIIEHHOTO

Pacrsopureis pactBopa Rp*, mr/mn
Bona 0,108 + 0,006
HSA, 3 % BomHbIif pacTBOp 0,263 + 0,002
SuccGel, 1 % BoxHBII pacTBOp 0,137 £ 0,001
CasNa, 1 % BoaHbIii pacTBOp 0,140 +,003

*p=0,05;n=10.
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CJICZIOBAaHHBIX OCJIKOB HAMBBICIIUH PE3YJIBTAT MO COIEPIKa-
HUIO Rp B yCTOMYMBOW CyCHEH3MM AOCTHUTHYT METOIOM
TOMOTCHHU3AINH, OCOOCHHO YIBTPa3BYKOBOW; HanMeHEe
3¢ GEKTUBHBIM OKa3aJiCs METOJ] OCaXICHHSI.

HHTEepecHO TakKe OTMETHUTh, YTO COJCpPKaHUE B BOII-
HOIi (ha3e (To ecTh akTHUECKH B pacTBope) Rp B 0Opasz-
1aX, MOJIy4YE€HHBIX Pa3HBIMH METOJIAMH U C UCTIOJIb30BaHH-
€M pa3JInYHbIX OCJIKOB, OTIMYAJIOCh HE TaK 3HAYUTEIILHO U
cocraBiszimo 0,6 — 0,7 mr/mMn gt HSA u  CasNau ~
0,3 Mr/mMi i7st JKenaTvHa, XOTs JaXke B 9TOM cilydae pac-
TBOPUMOCTH Rp Obli1a NpeBbIllicHa BTPOE MPOTUB €ro pac-
TBOPUMOCTH B Bojie. Bo3MOXKHO, B OTIHUME OT ajabOyMH-
Ha, MOJIEKyJIa JKeJIaTHHA He 00JIaaeT y4yacTKaMu CHIIbHO-
ro cBsi3pIBaHms [16, 17].

Pa3meppl, moauaucnepcHocTb. YacTHilbl HaMMEHb-
[Iero pazMepa TaKKe IONyYCHBI METONAMH TOMOTCHH3a-
uu Bbicokoro naienus st HSA (280 — 300 BM) U yiibT-
pa3BykoBoii romorenusanuu st CasNa (530 — 630 Hwm,
XOTsI ¢ OONbIIeH MOMUAKNCIIEPCHOCTHI0). OYeBHIHO, UTO,
9YeM MEHBIIE pa3Mep YacTHIl, TeM CTaOWIbHEe Ioydae-
Masi CyCIIeH3HUs, OJIHAKO METOJ| YJIbTPa3BYKOBO romore-
HU3ALUU BBEIMTPBIBACT C TOYKU 3PEHHS OOIIETO comepika-
Hust Rp = 10 mpotus ~ 7 mr/mi. [lpu ucnonb3oBaHUH Me-
TOJIOB JMCIIEPTUPOBAHUS M TOMOTEHH3AIMH BBICOKOTO
JaBJICHUS YCTOWYHBBIC CYCIICH3UH U PECYCICHANPYEMBbIE
TMo(MIIM3aThI TIOTYYaINCh TIPH coiepkaHuu Rp He Oonee
5 1 7 MI/MJI COOTBETCTBEHHO. B MeTO/IE OCaKIEHUS KO-
JIOUTHBIC CUCTEMBI OBUTH YCTOHYMBBIMU, HO TIOBBICHTB CO-
JepkaHne Rp B 3TOM ciydae HE ymaBajioch HM3-3a €TO
MeHbllell pacrsopumoctd B AcCN, IO CpaBHEHHIO €
DCM.

Uro xacaercsi BOCIPOU3BOIUMOCTH MPEATIOKEHHBIX
METOJI0B, TO HAaUOOJIbIINE PACXOXKICHHUS HAOII0IA0TCS BO
BCEX MeToJax B ciiydae ucroyb3oBanus SuccGel. Bosz-
MOJKHO, 3TO CBSI3aHO C TEM, YTO JIs IOTYYCHHS JKeIaTHHA
HCIONb3yeTCs TUAPOIIN3, B pe3ylbTare Yero ero CTpykKry-
pa OKa3bIBACTCSl HEPETYISIPHON M Pa3INuacTcsi OT MapTHU
K mapTud. PacxoxIeHus! mpOosBIISUIUCH, TIPEXKIE BCEro, B
BBICOKHUX (BIUIOTH 710 BeM4yMHbI 0,797) 3HAUCHUAX UHACK-
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Puc. 3. Cxopoctb pactBopeHust Rp u3 ero cybcranuuu (/ ) u Bozo-
pactBopuMOi opmbl Ha ocHOBe HSA (2).

ca moiauaucnepcHocTu — B ciydae SuccGel B mro00M Me-
TOJIE, 0COOEHHO MPH MCIIOIB30BAaHUHU METO/Ia TOMOTeHH3a-
LM, OH OKA3bIBAJICSI BECbMa 3HAYUTEILHBIM M MPEBBIIIAI
QHAJIOTWYHBIC 3HAYCHUS JJISI CHCTEM, MONYyYCHHBIX C HC-
MOJIb30BaHNEM allbOyMUHa U Ka3enHa. OHaKO M JUIsl Hero
BBIOOPKH pEIICHO OOBEAMHHUTH, MOCKOIBKY H3-32 TaKOro
OoJbIIoro pa3dpoca TOBEpUTEIbHBIE HHTEPBAIBI JJIs BCEX
cepuii B JIF00OM cCilyuyae MepeKpbIBAIOTCS, U HENb3sl OIHO-
3HAYHO CYAUTH O JOCTOBEPHOCTHU PA3NUINi MEXTY HUMH.

Pas6arnenue cycnensuii B 10 — 50 pa3 (B 3aBUCHMOCTH
OT 00IIIero cofepkanus B HUX Rp) Bo Bcex ciaydasx mpu-
BOJIJIO K JFICCOIIHMAIINH arperaToB, 00pa3yIoMuXcs B IPO-
[ecce COMIOMIM3AIMK, U 00pa30BaHHUIO MPO3PAYHOTO
pactBopa. Cienyer OTMETHTh, YTO pa3Mep YacTHIl IpH
3TOM yMeHbluajics 10 10 —20 HM, TO ecTh COOTBETCTBO-
BaJI pa3Mepy YacTHIl B pacTBOPE OCNIKOB TOM k€ KOHIICH-
Tpauu. Takum o0pa3om, mpu UH(Y3HOHHOM BBEICHUU
nofo0OHOI BoxOCOBMECTHUMON (opMbl Rp uckitouaercs
BO3MOXKHOCTB IMOOJIHH.

HocturHyThlid 3QQEKT TOBBIMICHHS PACTBOPHUMOCTH
Rp, mo-BumuMoMy, MOKHO OOBSICHUTB €TO CBS3BIBAHUCM C
Oenkamu (TO ecTh 00pa3oBaHUEM KOMILIEKCA TOW WU
WHOW TIPUPOJIBI) M COMoOmMIM3ameld uMu. Takke MOXKHO
MIPEAIoaraTh CyIiecTBOBAaHHE B CHCTEME HaHOYAcTHIl Rp
(Ha 9TO yKa3BIBAaeT, HAIIPUMEp, JOCTATOUYHO BHICOKMHA HH-
JeKC TONUANCIIEPCHOCTH), OKPYKEHHBIX MOJICKYIaMHU
OemKa M CTaOMITM3UPOBAHHBIX TakKKM 00pa3oM. [Togo0HbIH
MEXaHU3M OBUT MPEJIOKEH B cliydae Mnperapara adpak
can®, KOTOPBI MOJIYYaroT [0 aHAJOTUYHOM TE€XHOIOIUH
[38]. IIpemnonaraemas cxema OOpa3yrOIICHCS CUCTEMBI
TIPUBE/ICHA Ha puC. 2.

MossipHOE COOTHOILIEHHE MEXTy OOIIUM COAEpKaHH-
eM aHTHOMOTHKAa W coaepkaHueM Oenka B oOpasuax ¢
HauboIpIIMM KoJIMYecTBOM Rp paBHO 28,08, a Mexy co-
JeprKaHUEM aHTHOMOTHKA B BOMHON (as3e U comeprkaHreM
Oenka — 1,97. Hamiporus, B citydae npenapara abpakcan®
Oosiee 6 MOJIEKYIl TTaKJIMUTAKCeIa PUXOANTCS Ha 1 Mole-
Kyny Oenka B komiuiekce [39]. To ecTb BomocoBMeCTHMAs
(dhopma Rp cyiecTByeT mpenMyiecTBeHHO 3a CYeT cTabu-
nu3any OSJIKOM M, B MEHBIIICH CTETeHH, Oaromapsi KoM-
MJIEKCOO0Pa30BaAHUIO.

OTOT BBIBOA MOATBEPKAAIOT TAKKE JAHHBIC IO BIIUS-
HUIO OEJIKOB HA PaCTBOPUMOCTH Rp B yCIOBHUSX IITUTEINb-
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Puc. 4. XpomarorpaMmbl pacTBOpoB Mpod pudamnenTuHa (a ) u ero
BomocoBMecTiMoit  ¢opmbl (6). Ilommxnas ¢aza — 0,02 M

KH,PO,:AcCN = 21:33, neTeKTMpoBanue pH 478 HM.

HOHM MHKyOalMy pacTBOpOB, coiepkamux Oenku u Rp B
KOJIMYECTBE, MPEBBIIIAIOIIEM €T0 PACTBOPUMOCTSD. JleiicT-
BUTEIIbHO, 0O€3 JONMOJHUTEIBHOTO BO3ACHCTBUS OEIKU
JIMIIb HE3HAYWTENIbHO TOBBIMIAIM KOHIEHTpauuio Rp B
BOJHOM (hase, pacTBOPUMOCTh CYyOCTAaHLIMH B IIPUCYTCT-
Bun HSA Bo3pactana B 2,5 paza, SuccGel u CasNa BbI3bI-
BaJIU JIMIIb HE3HAYUTEIIbHOE € MoBbIIeHUe (Ta0I. 3).

Taxoke OblIa M3ydeHa CKOPOCTh PAaCTBOPEHHUS CyOCTaH-
ir Rp B cpaBHeHnM ¢ ero BogocoBMecTHMol Gopmoii Ha
ocnoBe HSA (B docarnom conesom Oydepe ¢ pH = 7,4
mpu temmeparype 37 °C). OueBuano (puc. 3), 4To U s
cybcrannuu Rp, M Uit €ro BOJOCOBMECTUMOH (hopMbl
IIpEe/ieN PacTBOPUMOCTH B BOJHOI! (paze gocTuraercs aoc-
TaTo4HO OBICTPO. OHAKO B Ciydae CyOCTAHIMU PaBHO-
BecHasi KoHueHTpanus Rp (okomo 0,1 mMr/mi) qocturaercs
32 HECKOJIBKO 4acoB, B TO BPEMsI Kak JUISi BOJOCOBMECTH-
MoOH (OpMBI paBHOBECHasi KOHIEHTpamust Rp (okoro
0,6 Mr/miT) TOCTUTAETCS 32 HECKOJIBKO MUHYT.

Meronom BOXKX (xpomarorpad momenu 1200, Agilent
Technologies, CIIIA) 6bu1a MOATBEPAKICHA COXPAHHOCTh
pucdanentira. KonudyecTBo nmpumMeceid B BOJIOCOBMECTH-
MOl (hopMe U CyOCTaHIIMM OTIMYAJIOCh HECYIIECTBEHHO

(puc. 4).

Puc. 5. Jlannpie HatuBHOTO 3MekTpodope3a Ha mpumepe HSA:
1 -6 — HSA B ob6pa3uax BogocoBMecTuMoii Gpopmsl Rp; 7—8 —
anreunslit HSA.
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USE OF PROTEINS FOR INCREASING AQUEOUS SOLUBILITY OF RIFAPENTINE

K. P. Ostrovskii”, N. S. Osipova’, L. V. Vanchugova', E. V. Shipulo’, E. R. Pereverzeva®,
I. D. Treshchalin?, O. O. Maksimenko', and S. E. Gel'perina’

! Nanosystem Research and Production Corporation, Moscow, 115193 Russia;
2 G. F. Gause Institute of New Antibiotics, Moscow, 119021 Russia;
* e-mail: ostrovkp@mail.ru

Development of parenteral formulations for poorly soluble drug substances is among key problems of the pharmaceutical technology. In the present study,
parenteral forms of poorly soluble antituberculous antibiotic rifapentine were obtained using human serum albumin, succinylated gelatin, and sodium casei-
nate as solubilizing excipients. These formulations were produced via precipitation or homogenization. The best result — stable colloidal suspensions contai-
ning up to 9 — 10 mg/mL rifapentine (100 times higher than the aqueous solubility of parent substance) — were obtained by ultrasonic homogenization. Note
that dilution of these suspensions led to dissociation of the aggregates and formation of clear solutions with a particle size of 10 — 20 nm, which means that
the proposed formulation is safe and will not cause embolizaion of blood vessels upon infusion. On the whole, the obtained results suggest that the use of pro-
teins for solubilization of rifapentine is a promising approach to the development of the parenteral formulation of this antibiotic.

Keywords: antibiotics; tuberculosis; rifapentine; proteins; complexation; solubilization.
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