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JInodrmzanust — 310 ofMH U3 dPPEKTHBHBIX METOAOB, IPUMEHIEMBIX IS CTAaOWIN3aUH U yBe-
JUYEHHUs CPOKa TOJHOCTH JIEKAPCTBEHHBIX MpenaparoB. Ha maHHBIN mporiecc BIUSET MHOXECTBO
(haxTopoB, HanbOOIEE BAXKHBIMU U3 KOTOPBIX SIBIISTIOTCS] CBOMCTBA JIGKAPCTBEHHOTO BEIIECTBA U BCIIO-
MoratenbHbIX BewecT (BB), ycnoBus 3amopaxkuBanus U CyllIku. B mpeacraBieHHOM 0030pe moa-
pobHO paccmarpuBatorcst BB, ncnonssyemsie B 1H0o(GMIN3HPOBAHHBIX JIEKAPCTBEHHBIX (hOopMax, U
[IPUBEICHBI IPUMEPBI PEXUMOB CYOIMMALMU JUIsl HEKOTOPBIX IIPOTUBOOITYXOJICBBIX IIPEIapaToB.

KuaroueBble ciioBa: cyOaMManvoHHas CyIIKa; BCIIOMOTATeNbHBIE BEIIECTBA; CTPYKTypa JIMO-
(unu3ara; pexuM CyLIKH; JIUITOCOMBL.

Takast cioxHast 1 MHOTO(aKTOpHAs 33ja4a, Kak co3/a-
HHUE IPOTHBOOITYXOJIEBOTO Mperapara, TpedyeT yueTa oco-
OeHHOCTEH OMOJOTHYECKOro, (hapMaKOIOTHIECKOTO IeH-
CTBMsl JieKapcTBeHHoro Beuiectsa (JIB), ero ¢uzuko-xu-
MHUYECKUX XaAPaKTEPUCTUK W TEXHOJOTHH TOIY4YCHUS
nekapcTBeHHOM (hopmbl (JID).

BonsmmHcTBO mpotuBoonyxoneBeix JIB nmeer cie-
IyIOIINEe OCOOEHHOCTH — OHHU TEPMONAOMIBHEI, JIETKO
TUIPOJIM3YIOTCA, IO9TOMY IIPU CO3JJaHWU HOBBIX Ipenapa-
TOB HEOOXOAMMO pa3paboTaTh Haubolee YCTOHUUBYIO
JI®. CybnuManuoHHast CyIIKa sIBISICTCS] OTHUM M3 d(dek-
THUBHBIX TEXHOJIIOTHYECKHX CIHOCOOOB TITONYYEHHs CTa-
OMJIBHBIX TPOTUBOOITYXOJIEBBIX JiekapcTB [1 — 3].

OnuceIBaeMblil METO| IIUPOKO IPUMEHSETCS IIPU IIPO-
W3BOJICTBE JIeKapcTBeHHBIX TpemnaparoB (JII1) Ha ocHoBe
nabunpHbeIX JIB, 1 B TO e BpeMs OH SIBIISETCS YPE3BbI-
YaifHO 4yBCTBHUTENBHBIM K PA3UYHBIM TEXHOJIOTHYECKUM
(akTOpaM M XMMHUYCCKOM aKTHBHOCTH BEIIECTB, BXOJS-
mux B coctaB JI®. HapymeHue mpoiecca CylKd MOXKET
MIPUBECTU K CYLIECTBEHHOMY CHIKEHHUIO CTielU(UIeCcKon
aKTUBHOCTH JieficTBytomero Bemectsa B JIII [4, 5]. Taxxke
K CYIIECTBEHHOMY HEIOCTATKY JTHO(DIIN3AI[IHA OTHOCHTCS
3HAYUTENILHOE TMOTpeOIeHe SHEPrud W JUIUTEIIbHOCTD
IMKIa 00pabOTKM, TaK KaK MpOIECC MPOHCXOMUT MPH
OYEHb HU3KOWM Temmeparype W B BakyyMe. Ho, ¢ mpyroit
CTOPOHBI, BO3BMO)KHOCTH OCYIIECTBICHUS JTHODIIA3AIAN
JIII B acenTHUECKUX YCIOBUSX AENAeT e¢ 0COOCHHO MpH-
BIIEKAaTEIBHOHN TS (hapMarieBTHIECKON IPOMBIIITICHHOCTH.

Ponb ecnomozamenvhbix seuecme

Br100p BEICOKOMOMNEKYISIPHOTO CTPYKTYypOoOpasyrorie-
ro xomrnoHeHnTa (CK) mpu mpom3BoncTBe THOMMIH3IHPO-
BaHHBIX JIII siBsieTcst BakHOM 3ajjaueil Asisl MOJTydeHUs
nodwiIn3aTa ¢ YJIOBICTBOPUTEIHLHBIMU  (DU3NICCKHMU
cBoiictBamu. B ocHoBHOM CK HCHONB3yIOTCS IPU HU3KUX
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J103aX JIeHCTBYIOILErO BELIECTBA, KOTOPbIE HE UIMEIOT HYX-
HOM KOHLEHTpAaLUU [yl HOAJEPAKAHUSA CTPYKTypbl. M3-
BECTHO, YTO IOJy4acMbIi BHEUIIHWN BHJ BBICYIICHHOTO
Ipernapara BO MHOTOM 3aBHCUT OT IBTEKTHYECKHUX Iapa-
METPOB MOJATOTOBJIEHHOTO K PO3JIUBY M CYyOIMMAaLUU pac-
TBOpa. UeM HMKe IBTEKTUUECKas TeMIIeparypa, TEM HHKe
TeMIepaTypa 3aMOpaxuBaHUs. B CBOIO ouepesib KOHEUHast
TeMIIepaTypa MOTHOCTHIO 3aBHCUT OT BO3MOXKHOCTEH 000-
PYIIOBaHUs, KOTOPOE HE BCETa CIIOCOOHO 00ECTICYHTh He-
obxomumbie mapametpbl [6]. CK, HuBenupys HU3KHE IB-
TEKTUYECKHE XapaKTepUCTUKH HekoTopwix JIB 3a cuer
CBOUX (PU3MYECKUX CBOMCTB, JOIKEH CIIOCOOCTBOBATH MO~
Jy4EHHUIO T10 OKOHYAHHHU IIpolecca CyOIuMaIliy KauecT-
BeHHO cdopmupoBanHol CTpykTypel JID. Crpykrypa
c(hopMHpPOBABIIECTOCS JIMOPHITN3aTa UMEET OOJIBIIOE 3Ha-
YeHHUe, T.K. IPU NPaBUIbHONU (opMe MPOUCXOAUT 0Opa3o-
BaHME II0p, Yepe3 KOTOPbIE MPOUCXOAUT YAAJICHUE BIArH.
IIpu HapymieHUM YCIOBUHI CYIIKM B I'OTOBOM IIPOILYKTE
OCTaeTcsl IMOBBIIICHHOE COACP)KAaHWE BJIArHM, YTO MOXKET
MPUBECTH K U3MEHEHHIO CBOMCTB AeicTByromero JIB B Te-
YEeHHUEe CpOKa roHOCTU. B HacTosIee BpeMs NpH Mpous-
Bojctae JIII cambivu pacnpoctpaHeHHbIME CK sBIsIOTCS
cleAyronMe Bemiectsa: nonuBHHUITHpponuaoH (I1BIT),
MOJIUTIIIOKWH, MaHHHT, cOpOWT, Jakto3a [7, 8]. MaHHHT
TIPU MCIIONB30BaHUH B KoHIeHTparmu a0 10 % obpasyer
aMOp(hHYI0 MaTpUIly, KOTOpas XOpOIIO IIOIACPKHBACT
OMOMOJIEKYIbl U CO31ACT KaHalbl ISl yAAJICHUS BOJBI.
Tperanosa u caxaposa sIBISIFOTCS 3((QEKTUBHBIMU KpPHO-
nporekropamu. Kpome raBHOHM 3azauu, HalpaBIeHHOU
Ha (QOpMHUpOBaHHE HEOOXOIMMOM CTPYKTYPhl TOTOBOTO
nponykra, ot BeiOopa CK 3aBHCHT TakKe €ro BO3MOX-
HOCTb IOBBIIIATh M YBEIUYUBATH PACTBOPUMOCTb HEKOTO-
peix cyOcrannuii [9]. Takke B 3aBUCUMOCTH OT IpUMe-
usiemoro CK pexuM cyOmMMaIiioHHON CYIITIKH UMEET CBOU
ocobeHnHocTH, Harpumep, B 10 % pactBope TIBII mocne

Xumuko-papmanesTuyeckuii xkypHaia. Tom 51, Ne 4, 2017



kpuctamuzauuu 78 % Bogbl, 22 % coneprkalieiics: Boabl
B3aumoieiicTByeT ¢ [IBI1, uTo nmpuBOIUT K 00pa30BaHUIO
CTEKJIOBUJIHOW Macchl. Ilepexon B CTEKJIOBUAHYIO (OpMy
npoucxonut npu remueparype — 22 °C. Huxe temnepary-
PBI ATOTO TIEPEXOAa BEIIESCTBO HAXOAWUTCS B TBEPAOM CO-
crosauu [10]. Ilostomy ansi pacTBOpOB, COAEPIKALIMX
[IBII, npuHuMarOT TeMueparypy 3aMOpa)KMBaHUS B IIpe-
nemnax oT — 40 mo — 45 °C, naHHbIe OKa3aTeln yInThIBA-
JHCh COTPYOHUKAMH JIaOOpaTtopuu pa3paboTKU JIeKapCT-
BeHHbIX (opm HUM 3uTO @OI'BY “POHI] wum.
H. H. bioxuna” M3 P® npu pazpaborke muoduiau3upo-
BaHHbIX JI® Takmx mpemaparoB kak OR-2011 wm
JIXC-1208, xoTopble B HACTOSAIIEE BPEMs MPOXOJIAT JOK-
nuHrYeckoe uccienoBanue [11]. I[Mpumepsr muodummsu-
poBanHbIX JIII, mprMeHsAEeMbIX B MPAKTHUYECKOW MEIUIIH-
He, ¢ ykazanueM CK npuBeneHs B a0 1.

B mocnennee BpeMs mupokoe pacupocTpaHeHUE IOy~
gy sanocomansible JIII, mpouecc CyHmIKHM KOTOPBIX
UMeeT HECKOJIIbKO ocoOeHHOCTel. B mporecce nrodunu-
3aliu MIPOUCXONUT pa3pylIcHHE OUCIOWHOW MeMOpaHbI
JMIIOCOM, ITO3TOMY CYIIKY IPOBOIST B OIIPEICICHHOM pe-
KUME ¢ 100aBICHUEM KPUOMPOTEKTOPOB MIIHA JTUOMPOTEK-
topoB. Korna imnunHas MeMOpaHa JJOCTUTaeT TeMIIepary-
pHI (ha30BOTO TIEpexo/a MpH Mepexoe U3 TeeBoi (as3sl B
KUJIKOKPUCTAJUIMYECKY10, MHKarcynupoBaHHoe JIB serko
BBICBOOOXKAaeTcs u3 yimnocoM [12]. Kpronporekrop mpe-
JOTBpAIIaeT mporecce $pa3zoBoro mepexosaa, TeM CaMbIM 3a-
LIUILIAS JTUTIOCOMBI OT TMOBPEXIEHUS KPUCTAJUIAMU JIbJIa, a
TaK)Ke MHTUOUPYET MPOLECC CIUSHUS U arperayu JIUmo-
COM MEXIy co00H. BBIOOp KpHOMPOTEKTOpa M €ro KOJH-
YecTBa MPOBOMAT IYTEM OICHKH Pa3MEpOB JIHIIOCOM, a
TaKXKe MPOIEHTa BKIIFOUSHHs CyOCTaHIIMH B JIUTIOCOMBI JI0
1 Toclie mponecca ymodumusarnyn. s agdexrnBHoCTH
3aIIUTHl KPUOIPOTEKTOP IOJDKEH HAXOIHUTHCS BHYTPH U
CHApYyXH JIMIIOCOM, a KOHLEHTpAlHs JOJKHA OBITH MO-
Jno0paHa TakuM 00pa3zoM, 4TOOBI 0OECIIEUYUTh OCMOIISP-
HOCTh MHTpPa- M JKCTPAIUIOCOMAIBHOTO IMIPOCTPAHCTBA.
Cpenu KpUOIIPOTEKTOPOB BBIIEISAIOT CIEIYIOIINE KIIACChI
XUMHYECKUX BEIICCTB:

1. CiupThl — STUICHIIIUKOIb, TPONUICHIIMKOIb, TITU-
LEpHH;

2. Cunrerndeckue moiaumepsl — [IBIT (Kollidon SR),
OKCHATHIIMPOBAHHBIA KpaxMall, MOJMATUIICHIIUKOIIb;

3. YreBompl — caxapo3a, JaKTo3a, TPErano3a, IoKo3a;

4. AMUZIBI U OKCHJIBI — JMMETHIIAICTAMU/, JUMETHII-
cynmbhokeun (IMCO).

B 3aBrcuMOCTH OT CBOWCTB 3TH BEILIECTBA BHIIOIHSIOT
U apyrue GYHKIHMU: BIUSIOT HA MPOLECC 3aMOPAKUBAHUS
(Hammpumep, caxapa, HOJIUMEPbI, CHUPTHI IOHUKAIOT TOUKY

3aMep3aHus PACTBOPUTENS U 3aMEIUIAIOT €r0 KPHCTaJLIH-
3aL1I0), U3MEHSIOT TOUKY IBTEKTHUKH, CKOPOCTh CYIIKH U
KOHEYHYIO OCTaTOYHYIO BJIQXKHOCTb. JlelicTBUE KpHONpPO-
TEKTOpa MPOSIBIIIETCS Ha 3Tale epBUYHOM cylku [13].

BcnomorarenbHble BellecTBa TaK)Ke OKa3bIBAIOT JeHCT-
BHE Ha CIIBUT TeMIIEpaTypbl (pa3oBoro rnepexosa B mpoiec-
ce CYIIKH, Hampumep, Gochoaumias! (O0IbII0e BIHSIHUC
OKa3bIBaeT JUIMHA M CTENEHb HACBHIILIEHHOCTH allWIbHBIX
TIeTeit), XOJIECTePHH (M3MEHSET IIPOHUIIAEMOCTh MeMOpa-
HbI) U TTIOBEPXHOCTHO MOIU(HUIMPYIONIHE BEIeCTBa (CO-
BMECTHUMOCTb MOJMITHUICHIJIUKONSA C KPHUOIMPOTEKTOPOM
OKa3bIBaeT CYIIECTBEHHOE BIMSHHE Ha CTAOMIBHOCTh
MeMOpaHHOTO OMCIIOs, TPOAOIDKUTEIHFHOCTE HAXOKICHUS
JIUTIIOCOM B OpraHM3Me M Ha CTENeHb NPOSBICHUSA Tepa-
MEBTUYECKOTO U MOO0YHBIX 3ddekTtoB) [14, 15]. K Tomy
K€ IPOLIEHT COAEP>KaHUs BOJHBIX PACTBOPUTENEH BIMSIET
Ha CTeNeHb BKIIIOUEHUs JeiicTBytomiero JIB B IUIocoMBbl.

Jl1 IpUrOTOBJIEHUS PACTBOPOB TAKXKE HCIOJIB3YIOT U
HEBOJIHbIE PACTBOPHUTENM (ITHIOBBII CIMPT, mpem-0yTa-
non, JIMCO wu ap.). [IpumeHeHre HEBOAHBIX PACTBOPUTE-
JIel TIO3BOJISIET YBENMUUTh KoHIleHTpanuto JIB B pactBope
U CKOPOCTH MpoIecca CyOIMMAMOHHOMN CYIIKH, a TaKKe
YMEHBIIUTH BPeMs PacTBOpeHUs Todunu3ara. BuemHuit
BHJ] ¥ KOHIICHTPAIIKS paCTBOPA BIUSAET HA CKOPOCTh H CTE-
[eHb KPUCTAJUIN3ALUK, YHOPSII0YEHHOCTh KpHUCTalInue-
CKOM CTPYKTYphl 0OpasyloLIerocs TIOTOBOIO MPOAYKTa.
Hanpuwmep, npu nuodunusanuu BOIHBIX PACTBOPOB JIaK-
TO3BI M Caxapo3bl B MPUCYTCTBUH mpeni-OyTaHOIA B KOH-
nentpanusx S u 10 % MOXHO MoepKuBaTh 00Jiee BHICO-
KyI0 TeMIeparypy IMOJIOK CyONMMAIlMOHHON YCTaHOBKH,
IPU 3TOM TIPOMCXOAWNT OOpa30BaHHWE WIOJBYATHIX KpH-
CTaJUIOB, KOTOPBIE CIIOCOOCTBYIOT Ooiee ObICTpoMY (op-
MHPOBAHUIO HEIUIOTHON MOPHUCTOM XOPOIIO pacTBOPUMON
CTPYKTYpHI mpoaykra [ 16].

Ho ucnone3oBanne HEBOAHBIX PACTBOPHUTENEH CO3MaeT
psaa mpoOiieM, TaKUX Kak HEOOXOJUMOCTh OCOOBIX YCIIO-
BUH XpaHEHUs PACTBOPHUTENEH, 3aKylKa CHelHaIbHbIX
CPEACTB OOCITY)KUBaHHUS M OOOpYIOBaHHUsS, MPOBEACHUE
KOHTPOJIL OCTaTOYHBIX PACTBOPUTEJIEH B TOTOBOM IIPOIYK-
te. Kpome Toro, ucrnosib30BaHue OpraHMyeCcKuX pacTBOPH-
TeJIel TIOXO BIUSET HA BAKYYMHYIO CHCTEMY, IPUBOAUT K
MopYe BaKyyMHOTO Maclia MM TpeOyeT JOMOTHUTEIbHBIX
MIPUCTIOCOOTICHUH B CyONMMAIIMOHHBIX YCTaHOBKAX IJIS
yJaBIUBaHUs IApOB pacTBopuTeneit [17].

OnHUM U3 BaXKHEWIIMX IOKa3aTesiei, KOTOPbIi cKa3bl-
BAeTCs Ha JIC3aKTUBAIMH TIpenapara Bo BpeMst 00paboTKHy,
XpaHEHHS U BOCCTAHOBJICHUSI, SIBIIsieTcs 3HaueHne pH, mo-
3TOMy HHOTIIa Tpebyercst nmobamienue B JI® OydepHoro
areHTa. Beidop Oydepa 3aBucut ot nmpoduis pH-crabuib-

Tabnuma 1

JInopuansuposanusie JIII ¢ ykazanueMm cTpykTypooOpa3yomero KOMIoHeHTa

JInodpunnsuposanusiit JIIT

CTpyKTYpOoOoOpa3yIoNii KOMITOHEHT

TToka3zaHust K TIPUMEHECHHUIO

Amuwmra (Lilly France S. A. S., llIseiiuapus) Maunnut
Askepan (GlaxoSmithKline, Benukoopuranuis) TIBIT

Benxeiin (Janssen-Cilag International N. V., Benbrus) Manuut
I'mxamris (SmithKline Beecham Pharmaceuticals, Mansut

Benukobpuranust)
I'panonut (Aventis Pharma Specialites, @panuust)

Magnnur, nonucop6ar 20

HemenkoxieTouHbIH pak JETKOTO, 3I0KaYeCTBEH-
Hasi ME30TEIINOMA TIIEBPHI

MHoXecTBeHHasI MUEJIOMa, PaK STMIHUKA
MHoKeCTBEHHAsI MUEIOMa
MeIKOKIIETOUHBIN PaK JErKoro, paK ssMYHUKa

[LJ'I}I COKpallleHus1 COCTOSTHUSL HeﬁTPOHGHHH

Xumuko-papmanesTuyecknii xkypHaia. Tom 51, Ne 4, 2017

55



HOocTH cyOcTanuuy. Hampumep, npucyTcTBue B THO(GHIH-
3are acnaprama 0,1 M ¢ocdarHoro Oydepa Bemer kK co-
KpallleHUIo cpoka noiypacnazaa ot 921 no 98 aueii [10].

[pumepsl THOPUIM3UPOBAHHBIX TUITOCOMaNbHBIX JIIT,
KOTOPBIE YK€ JJOCTATOYHO JIOJTOE BPeMs TIPUMEHSIOTCS B
KIIMHAYECKOM IpaKTHKe, ¢ yKa3aHHEeM KpPUOIIPOTEKTOpa
TIPUBE/ICHBI B Ta0M. 2.

B xozme uccrnempoBanuid, IpOBOAUMBIX B J1a0OpaTopuu
pa3pabotku sekapctBeHHbIX (popm DPI'BY “POHL] um.
H. H. brioxuHa”, 3aKIr04aromuxcsi B JTHODUIA3AIUK JTH-
nocomanbHbIX JIII, cpeau KOTOPBIX MOXKHO BBIICIUTH 2
OCHOBHBIE I'PYIIITbI — IUTOCTATUKH (apaHo3a [18 — 20], -
3omyctuH [21 — 27], mutokcanTpoH [28, 29] u ap.) [14]
npenaparsl 111 (HOTOAMHAMUYECKON Tepanuu (THOCEHC —
TeTpa-3-PeHUITHOPTATONUAHIH-THPOKCHATIOMHHUS
[30— 33], OopxiopuH — OOPHPOBAaHHBIM XJIOPHH €6
[34, 35], doromutazun [36 —38] u mp.), mMOKazaHO, YTO
Hanbosee 3(PPEKTUBHBIMU KPUOIPOTEKTOpAaMH ATl JaH-
HBIX TIPETapaToB SIBIIIOTCS caxapo3a U Jakro3a. [Ipudaem
caxapo3a W JIAKTO3a HM3-3a2 CBOCH XOpOIICH pacTBOPUMO-
CTH B BOZIC HE MEIIaeT MPOBEICHUIO JlabHelIero hapma-
IIeBTHUECKOTO aHANN3A.

Venosus u pescumol cyonumayuonnol cywku

CTaOUIBHOCTh TOTOBOTO JIMO(UIN3aTa ONPEAEIIeTCs
MHOKECTBOM TEXHOJIOTHUCCKHUX (DaKTOPOB, CPEAU KOTO-
PBIX — PEXHM CYIIKH, THIT ()JIAKOHOB, 00BEM 3aIOJTHCHHS
(naxkoHa, yroys HakJIOHa, IPH KOTOPOM OCYILECTBIISIETCS
IPOLIECC CYIIKH, COCTaB BCIIOMOTaTEIbHBIX BEIIECTB, KOH-
TposupyeMasl Imofada BaKyyma, THI OOOpYHOBaHHUS IS
mporecca cymku u ap. [Iporece cyOmuManoHHON CyIITKA
MOXHO YCJIOBHO pa3/ie/IuTh Ha 3 OCHOBHBIE CTAAUU:

1. 3amopakuBaHue, BBIIACIAIOT 2 BUJA JAHHOIO IIPO-
ecca — IpOOHOE U HEMPEPHIBHOE;

2. Cybnmumarnust — ynajeHue BIard U3 TBEPAOTro 3aMo-
POKEHHOTO COCTOSIHUSI, MUHYS JKUAKYIO (a3zy;

3. Jlocyiika — yaajaeHUe OCTaTOYHOM BlIary.

I'pamoTHO pa3pabOTaHHBIN pexUM JTHODIIH3ALUH HO-
3BOJISICT HE TOJIBKO MOJYYUTH CTAOWMIBHBINA TOTOBBIM MpO-
IYKT, HO ¥ YBEIHMIHUTH d(PPEKTHBHOCTD IPOU3BOACTBEHHO-
TO Mpoliecca, CyLUIECTBCHHO COKPATHB BpeMsl MPOU3BO/CT-
Ba W 3arparbl Ha Hero. /s paspaboTku Haumboee
9KOHOMHYHOTO TIpoIiecca HeOOXOUMO BBIOpaTh Hanbolee
ONTHMAJIBHBII PEXUM CYLIKH U €€ NPOAOIKUTEIBHOCTD,
TaK Kak 3TO BJIMSET Ha Ka4ECTBO FOTOBOTO MpoaykTa [39].

3amopaxxuBanue. KiroueBoii cragueii mpouecca siBis-
eTCsl 3aMOpaXKMBaHHE, OHO BO MHOTOM OIIpEeIsIeT (op-
MHUPOBaHHE KPUCTAIUIOB JbJa U MOP(OIOTUIO 3aMOpO-
KEHHOTO MaTepHaja. 3aMOpaKMBAHUE XapaKTEPH3yeTCs
TaKUMH (paKTOpaMH, Kak CKOPOCTh M Temrieparypa. Jnm-

TEIbHOCTh JJAaHHOM CTaJuM CYIIKH IPSIMO IPOIOPLHO-
HaJbHA O0BEMY HAMONHEHHs (IakoHA M 3aBHCUT OT
TOJIIMHBI (BBICOTHI) 3aMOPOKEHHOTO cJ0si. OIHAKO, XOTs
YMEHBIICHHE 00BeMa COKPATHT BPEMsI CYLIKH, IIPU ITOM
BO3pacTeT ce0ecTOMMOCTh MpoAyKiuu. Ecinu B pacnopsi-
KEHUH €CTh HeoOXomumoe o0OpyHOBaHHUE, NAHHYIO IIPO-
OJeMy pelIaroT 3a CUeT YBEJIMYCHUS TUIOMIAINA CBOOOIHOM
MOBEPXHOCTH 3aMOPOXKEHHOTO MPOAYKTa U, COOTBETCT-
BEHHO, YCKOPEHHS MpoIiecca CyOoImMaIuu, A7t 3Toro (ira-
KOHBI pacronararor noj HakinoHoM [40]. Tlpu stom He
UMEIOT OTIINYMIf OHOJIOTHUYECKHE TapaMeTphl KaK y BEPTH-
KaJIBHO PACIOJIOKCHHBIX (DJIAKOHOB, TaK M y (DIaKOHOB,
YCTaHOBJIEHHBIX I10]] YIJIOM, a HAKIOHHAsI 3aMOpO3Ka I10-
3BOJISICT CYHICCTBEHHO CHU3UTH KOJMYESCTBO HEKOHIUIIU-
OHHBIX TI0 MaKpOCTPYKType 00pa3uoB Ouduaymbakrepu-
Ha (B 3 pasa), slaktoOakTepuHa (B 5 pa3), amwiakra (B 4
pasa) Mo CpaBHEHUIO C BEPTHKAJIbHBIM BapuantoM. [103u-
THBHBIC MOMEHTBI CBSI3aHBI TaK)KE C BO3BMOXKHOCTBHIO HH-
TEHCHBHOH ITOJAYM TEIUIa Ha CTaIiH CyONMManiy Ha MOo-
KH CcyOmumaropa, COKpAIICHHEM IPOAODKUTEIBHOCTH
JTarna U yMEHBIICHHEM JIe(PEKTOB CTPYKTYpEI [41].

PexxuMbl CyOMMMAIIMOHHOM CYIIKH TPOTHBOOITYXOJIE-
BBIX MPEMapaToB PA3IMYHBIX XUMHUUCCKUX TPYMHII (HUTPO-
30aJIKMIIMOYEBUHEI, TOIUCAXAPHIOB, TUM(OKMHUHA —
0eToK, mpenapar KpoBH, IUCIIIATHHA U Jp.) OTPaOOTaHbI B
naboparopuu pa3paboOTKH JeKapcTBeHHBIX (opm DPI'BY
“POHLL um. H. H. bioxuna” na ycraHoBkax Munudact
D-0.2 (Uranust) m LZ-9.2 (®purepa, Uexust), nmeronmx
CIICMYIONINE OCHOBHBIC XapPaKTCPUCTHUKU: TEMIIEpaTrypa
necyonumaropa — 65 °C; npenenbHOe a0CONIOTHOE JaB-
neHue B cyonmumarope — He Boimie 4 [la.

[Ipu pazpaborke JID apaHO3BI B Mpolecce U3yYCHHS
CTPYKTYpHI JHO(QHUIN3aTa OCIE APOOHOTO U HEMpPEephIB-
HOTO 3aMOpaKUBAaHUS B KauecTBe Hamboee 3(h(PeKTUBHO-
rO/ONTHMAIFHOTO BEIOpPAaH HETPEPBIBHBIN METOA, T.K. IPU
JpoOHOM 3aMoOpakuBaHUM He (opMupyercss mopucras
CTpyKTypa Iuodunuzara. Bpems 3aMopakuBaHus pacTBO-
pOB B cpenHeM cocTaBiseT 3 — 4 4. JlaHHBII METOJT TaKKe
MIPUMEHSUICS JIJISl TAKUX cyOcTaHIui, Kak 1,3-0uc(2-xyop-
911d)- 1 -HuTpo3omoueBunsl (BXHM), nu3omycTuH, mMu-
TOKCAHTPOH, CETPEME/] — BHYTPHKOMIIEKCHAS COJTb MEIH,
cozepkalias aMUHOKHCIIOTHBIE OcCTaTrku L-cepuHa U
L-tpeonuna u 1umM¢pOKHHUH.

Yro kacaercs 3aMOpakMBaHUS JUNOCOMaibHbIX JID,
TO TYT KJIFOUEBBIM (PaKTOPOM SIBIISIETCS CKOPOCTh. IIpu ObI-
CTPOM 3aMOPaKMBaHMH, Yallle BCETO, TPOUCXOTUT 00pa3o-
BaHHE MUKPOIIOBPEKICHUH JIMITHIHOTO OUCIIOS, YTO BEACT
K YMCHBIICHHUIO BKJIOUCHHS JICHCTBYIOIIETO BEIIECTBA B
nunocoMsbl. [1oaToMy B GONBIIMHCTBE CIy4aeB MPUMEH:-
0T MEIJICHHOE OXJIKICHUE NMPOIYKTa, KOTOPOE MO3BOJIA-

TaGunuma 2

JInopuausupoBanublie JunocoMajabusle JIII, npuMensieMble B KINHUKE

JInodpunusuposaunsiii JIIT Kpuomnporexrop ITokazanus K IPUMEHEHHUIO
AmBisome (NeXstar Pharmaceuticals, CILIA) Caxapo3a Ipodunakrika HHBA3UBHBIX IPUOKOBLIX HH(MEKLIUH
DaunoXome (Gilead Sciences, CILIA) Caxapo3a Capkoma Kanommu
Doxil (ALZA Corporation, CIIIA) Jlakro3a Pak simunnKkoB, capkoma Karomi, MHOXeCTBeHHAst MHEIOMa
Nyotran (Aronex Pharmaceuticals, CILIA) Jexcrposa IIpodunakrika HHBA3UBHBIX IPUOKOBBIX MH(MEKLIUH
Visudyne (Novartis Pharma, I1IBeiinaprs) Jlakro3a Jns GoTonuHaMIYecKol Tepanuy B 0 TaIbMOIOTHI
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€T COXPAaHUTh YPOBEHb BKIIOUCHHS CYOCTaHIIMK B JIUIIO-
COMBI, HapsAJy ¢ COXpaHEHHEM IIEpBOHAYAIbHOIO pazmepa
HaHOCTpyKTyp. Ilpu »3TOoM 3amaBaemasi TemIiepaTypa
JIOJDKHA OBITh HUKE TEMIIepaTypbl 00pa30BaHMs MaTPHUIIbI
BBezleHHOTO B cocTaB JI® kpuomnporekropa [42].

B 3apy0OexxHoli uTeparype A JUIOCOMaJbHbBIX Ipe-
MapaToB PEKOMEHJO0BAHO MPOBOJUTH CTAIHIO 3aMOPaKH-
BaHuA B TeueHune 48 — 54 4 npu temmneparype ot — 50 10
— 70 °C. OmHaKO 3TO PKOHOMUYECKH HE BBITOHO, MTOATO-
My y OTE€UECTBEHHBIX MPENaparoB JaHHAs CTaus KaK mpa-
BUJIO He mpeBbimaet 12 — 15 4. Tak, B mponecce co3nanus
murnocomanbHo JI® apaHO3bl CHayana MOCTENEHHO IO-
HWKamu temneparypy Ha 4 — 5 °C B reuenue 10 9 10 noc-
TixeHust — 45 °C u BbIepKUBANIM Tpenapar npu JTaHHOU
Temrieparype B Tedenue 3 4. Hamporus, npu muodrmsa-
uuu 3,6 % pacTBopa JUIOCOMAIBHOM AUCTIEPCUU JTU30MY-
CTHHA C BBICOTOM 1051 9 MM cpa3y yCcTaHaBIMBAJIN TEMIIE-
parypy — 45 °C, npuOIm3nuTensHO Yepe3 3 4 Ha Juctep-
CHUHM JIOCTHTallach 3aJlaHHas TeMmIeparypa, Jajiee ee
BBIJICPIKUBAJIH [IPU 3TOM 3HaueHuu emé 3 4 [18 —27].

3aMopaMBaHUE JMIIOCOMAIILHOW Juctiepcuu  (oTto-
CEHCHOMIIM3aTopa THOCEHCAa MPOBOAMIM MOCIEI0BATENb-
HO J10 Temriepatypbl — 45 °C B HECKOJIBKO 3TaIoOB, Ha KaX-
JIOM dTale IMOCie ITOCTHKCHUS 3aJIaHHON TeMIIeparyphbl
Tpernapar BhIZepKuBain B TedeHue 1,5 — 2 4. O0rmiee Bpe-
Ms1 JaHHOTO 3Tamna coCTapisuia mpumepHo 12 4 [28 — 33].

Cy6aumanus u gocymuBanue. Ha cyOnuManioHHbIX
YCTAHOBKaX TEIIO K MPOAYKTY NEPeAaeTcs B OCHOBHOM 3a
CU€T TEIJIONPOBOJHOCTH, U JIMIIb HE3HAYUTEJIbHAS YacTh —
3a cuér m3nydeHusd. llepegadya Temia 3a CYET TEIIONpPO-
BOJHOCTH peryaupyerca 3akoHOM Dypbe U TEPMHUYECKON
MPOBOAUMOCTBIO. [Ipu 3TOM ABMXKYILIIEH cUIol o epea-
Ye Teria OT TEIUIbIX MOJIOK K 3aMOPOKEHHOMY MPOAYKTY
ABJISIETCS pa3HULIA TEMIIEPATyp MEXIy IOJIKOM M IPOIyK-
ToM. PexxuM noziBozia Teruia B poLecce CYLIKH ONpeness-
€TCsl MHAWBUAYAJIBHO ISl K&KAOTO IMperapaTa U 3aBHCUT
OT MHOXKECTBa (DaKTOPOB, B TOM YHCIJIEC OT MPHUPOJBI TIPO-
JYKTa, €0 KOJINYECTBA, TOJIIIMUHBI 3aMOPOKEHHOIO CJI0S U
ap. [43].

[ onipeniesieHus IPOAOIKUTENBHOCTH CYLIKH 3a “Tie-
PpYOZT OCHOBHOW CyIIKHM~ TMTPHUHUMAIOT TIPOMEKYTOK BpeMe-
HH, KOTZa TeMIlepaTypa NpoayKTa AOCTUraeT TeMIIepary-
pel Tonku. Ha mepBoM 3Tamne CyIIKH MPH YIAJICHUH OC-
HOBHOH BJaru Juisg CyOCTaHIIMK apaHO3bl U MATIOCTPaHa
YCTaHABIMBAJIM MaKCHUMAaJbHYIO TEMIIepaTypy Harpesa
TMIOJIOK, KOTOPYIO MOCIE JOCTHXKEHUS MTPOLYKTOM TeMIiepa-
Typbl 0 °C CHIXKaJIM 10 TEMIIEpaTyphl, MOIIEPKUBACMON
Ha MPOTSHKEHUH BCETro MepHoja AocyluBaHus. B ciydae
BXHM noxon Tema ocymectsisuid ApoOHo. CKopocTh
noasoja temia cocrasuia 1,0 °C/4 Ha KaK0M dTaIe Imo-
BBIILIEHUSI TEMIIEPaTyphl.

Juis apaHO3BI, JIN30MYCTHHA, MUTOKCaHTPOHA, CeTpe-
Mena ¥ JMMGOKHHHWHA ONTHMaJbHAS CKOPOCThH TO/ABOJA
teria — 1 °C/4. J{yst mucniatiHa CKOPOCTh MOJBOA TEII-
ja cocraBswia 5 °C/u. IHTeHCUBHEIN HOABO/ TEILIA K II0JI-
KaM TI03BOJIMJI 3HAYUTEIIBHO COKPATHUTH MEPUO]] OCHOBHOM
cymku 10 10— 13 9 B ciydae cerpemena, MUTOKCAHTPO-
Ha, JIUM(OKHHMHA U NAIOCTpaHa (KUCIBINA MoJucaxapu,
COZIEpKAIMK CMECh HECKOJIbKUX CaxapoB, BKIIOYAs IMEK-
THHOBBII KOMITIEKC), 10 18 —19 9 B ciydae apaHO3BI U
TU30MYCTHHA 1 710 45 9 B cimydae nucruiatnaa [44 — 46].

Xumuko-papmanesTuyecknii xkypHaia. Tom 51, Ne 4, 2017

IIponykT TpeGyemoro kadecTBa i 5 % KOHLEHTpaTa
AKB-12 (5-amunoummiazon-4-kapookcumuy, pudodypa-
HO3H]) TIOYyYaeTCsl IPH CICAYIONEM peKUMe: Havaio I1o-
JorpeBa Kop3wHBI udepe3 5 — 109 ¢ MHTEHCHBHOCTHIO
5—7°C/u, nocymmBanue mpu + 20 °C He 6onee 6 — 7 4.
[Ipu moBBIIIEHUH TeMIepaTyphl MPH JOCYIIMBAHUU IO
27 °C nabmomaercsi cHwkeHue copepxkanust AKB-12 Bo
(hiTakoHe HIKE JIOMYyCTUMBIX Ipeneio [47 — 49].

[Ipu oveHs mIyOOKOM BakyyMme TEILIONEpeaada OT Ha-
TPEBATEIBHBIX IIACTHH K MPOAYKTY OCYIIECTBISICTCS
TOJNBKO U3JTy4€HHEM, MOCKOJIbKY B 3TOM Cllyyae TeIlIo-
MPOBOHOCTb U KOHBEKIUS Fa30B JOBOJILHO HE3HAUUTEIb-
Ha. [loaTOMy Temneparypy MOJIOK HY’KHO CHIBHO IOBBI-
mIaTh I 0OecredeHus MoJBoa K MPOAYKTY HEOOXOAH-
MOrO TeIUla C LEeNbl0 MOAJCP)KAHHUS TeMIEepaTypbl
CyOnuManuy B JOMyCTUMBIX Tpejernax.

Jnst obecrieueHus TOBBIIICHHS IABICHMS B KaMmepe
THOGMIBLHON CyHIKH B Xoze (a3sl CyOnMManuy CaMbIM
ONTHMAJIBHBIM CIIOCOOOM SIBIISIETCS] MHXKEKIINS HEKOHJICH-
CHpYIOILErocs rasza, Takoro Kak BO3IyX MIM a30T. Kon-
TpOJIb 3a Mojaueil Bakyyma IO3BOJISET COKPATUTh TEXHO-
JIOTUYECKHH MPOoLece MOMy4YeHHsI CyOIMMAaIIOHHO BBICY-
LIEHHBIX [IPENnaparoB Ha 5 — & 4 U MOJIy4YUTh SKOHOMUYE-
ckuii adpdext ot 15 10 26 %.

OmHako clenyeT 3aMeTUTh, YTO HHTCHCH(DUKAIIHS CyTII-
KM 32 CYET BaKyyMa 3aBHUCHT H OT COCTaBa BBICYIIHBAEMO-
ro mpenapara. Tak, Hampumep, npu JuodmIm3anun JIO
BXHM, conepxarmmeit no 20 % IIBII u 5 % sTtunosoro
CHHPTa, MPUBOAMIO K YXYIIIEHUIO KauecTBa T'OTOBOTO
npoxnykra [4, 50, 51].

3a pyOexom nocieaHue 2 3Tamna JMoQpUIn3auy JUIo-
comanbHbeix JIIT mpomomkaroTcsi, Kak NpPaBHIIO, OKOJIO
40 —50 4. [Inga oTedyecTBEHHBIX MNpENaparoB 3TH 3Tallbl
00BIYHO He MpeBbINIatT B 00mieM 20 u. Tak, 11 aumnoco-
ManbHBIX JI® apaHo3bl MPOBOAMIN TOCTEIIEHHOE IOBBI-
HIEHHE TEMIIEPaTyphl CO CKOpocThio 5 °C/4 1o TeMmnepary-
po1 + 20 °C, mpu 3ToM 3PPEKTUBHOCTD BKIFOUCHHS aKTHB-
HOTO BeEOIeCTBA B TOTOBOM IIPOXYKTE COCTaBISIET
npubm3nTensHo (77 + 2) % u coxpaHseTcs pa3Mep Be3n-
kyn (167+2)um [18—20, 52]. Harper nmu3omycTHHA
MPOBOJIUIIN €O CKOpOCThIO 3 —4 °C B yac 10 TOCTUKEHUS
temneparypsl 0 °C, nanee CKOpOCTh MOAHATHUS TeMIIepa-
Typbl yMeHbmamu jo 2 °C, mocne moctmwkeHus: + 20 °C
TIPOBOIMIIN TIPOIecC JocymuBanus B TedeHne 3 4. [loce
muoduIM3anuu pasmep 4actull Beipoc co 117 mo 125 um,
a 9 (eKTUBHOCTh BKIIIOYEHUS JICHCTBYIOMIETO BEIIEeCTBA
noctunia 78 — 80 % [21 —27]. CybiuManuio THOCEHca €
MOCIEAYIOMEH TOCYIIKONM MPOBOAMIIA MOATAITHO CO CKO-
pocthto + 5 °C/4, mocne moctmxkeHus Ha npoxykre 0 °C
CKOPOCTb HarpeBa HeMHoro ymenouanu [30 — 33].

Pa3zpaGoranHble peXHUMBl CYOJMMALMOHHOW CYIIKH
cyocraniu 1 JIO apaHO3bl U TU30MYCTHHA TUPOKO HC-
MIOJIB3YIOTCS TIPH OMBITHO-IIPOMBIIIJICHHOM TIPOU3BOJICTBE
9THX MPETNaparoB.
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LYOPHILIZATION AS A METHOD OF STABILIZING PHARMACEUTICALS
L. L. Nikolaeva', I. D. Gulyakin', O. L. Orlova’, A. P. Polozkova', N. A. Oborotova'?,

K. V. Sanarova', A. V. Lantsova’, V. V. Khlamov', and N. D. Bunyatyan?

' N. N. Blokhin Russian Oncological Research Center, Russian Academy of Medical Sciences, Moscow, 115478 Russia
% Sechenov First Moscow State Medical University, Moscow, 119991 Russia

Lyophilization (freeze drying) is among the most effective methods used to stabilize drugs and increase the shelf storage life. This process is influenced by
many factors, the most important of which are properties of the parent drug substance and excipients, and the conditions of freezing and drying. This review
considers in detail the excipients used in lyophilized dosage forms and gives examples of sublimation regimes used for the lyophilization of some antitumor
drugs.

Keywords: freeze drying; excipients; lyophylate structure; drying regimes; liposomes.
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