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EXPERIMENT PLANNING AT THE PHARMACEUTICAL
DEVELOPMENT OF LIPOSOMAL CYTOSTATICS

At present, there is an increasing interest in developing new ways of drug delivery and targeted therapy, using nano-
technology and nanomaterials.

Aim - to study the order of carrying out of pharmaceutical development of liposoms with cytostatics. Propose the
scope of the experiment to optimize the planned quality indicators and technological parameters.

Materials and methods. Analysis of normative documents, scientific literature and also the results of previous
personal experimental studies, which became the basis for determining the methodology for the creation of liposomal
drugs based on oxaliplatin and irinotecan. Lipids manufactured by Lipoid, Germany, were used to make liposomes. The
lipid film was produced on a Buchi 210 rotary evaporator with a vacuum controller, at a residual pressure of 0.02 atm.
For homogenization, a high pressure extrusion method was used, which was carried out on a Microfluidiser M-110P
(Microfluidics, USA).

Results and discussion. With the development of the pharmaceutical industry, there is a growing interest to the
use of nanotechnology and nanomaterials. One of the practical implementation of nanotechnology is liposomes with
cytostatics. Concentration of the active substance; pH and salt API; method of loading for API into liposomes; lipid to
lipid ratio, lipids concentration; particle size and internal volume; lipid solubility in the step of lipid film preparation;
stability testing of of finished products are factors that need to be studied and solved for the successful implementation
of the development. Planning an experiment in the pharmaceutical development of liposomal oxaliplatin and liposomal
irinotecan are complex studyes with using the principles of Quality by Design (QbD).

Conclusions. The requirements of normative documentation for creating liposomal forms of medicinal products
are considered. At pharmaceutical development it is necessary to use the complex approach as the majority of the put
questions can not be solved separately. An experiment planning system for the pharmaceutical development of liposo-
mal preparations of irinotecan and oxaliplatin is proposed.
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0. B. CragniueHko, 0. M. KpacHonosbcekui, T. I. ApHux
IlnaHyBaHHA eKcliepUMeHTY NpU ¢papManeBTUYHIN PO3poo6Li JIiNoCcOMaTbHUX
npenapariB HUMTOCTATUKIB

Ha TenepimHili yac 3pocTae iHTepec 10 po3po6KU HOBUX 3ac06iB AOCTaBKH JIKiB i Z0 LiiboBOI Teparii npu BU-
KOpPHCTaHHI HAHOTEXHOJIOTiH | HaHOMaTepiaJiB.

Mera - BUBYMTH NOPSIZIOK TPOBeZEHHS papMaleBTUIHOI pO3POOKH JIMOCOMaTbHUX POPM LIUTOCTATHKIB, 3aIIPOIIOHYBATH
06CAT eKCIEPpUMEHTY /151 ONTUMIi3alii 3an/1aHOBaHUX MOKA3HUKIB IKOCTI i TEXHOJIOTIYHUX MapaMeTpiB.

Marepiaim Ta MeTOAU. AHaJi3 HOPMAaTHUBHUX JIOKYMEHTIB, HAyKOBOI JIiTepaTypH, a TaKOX pe3ysbTaTiB rnonepe-
JIHIX 0COBUCTHX eKCIIepUMeHTalbHUX J0CJi/XKeHb, AKi CTaJIU MATPYHTAM JJI1 BU3HAYEeHHS MeTOZA0JI0Tii CTBOpEHHS
JIINOCOMaJIbHUX NpenapaTiB Ha OCHOBI OKCaJIiVIaTUHY Ta ipuHOTeKaHy. /[/11 BUTOTOBJIEHHS JIINOCOM BUKOPUCTOBYBa-
Jiv 1inigu Bupo6HunTsa Lipoid, HiMeyunna. JliniiHy nu1iBKy oTpMMyBaJid Ha poTOpHOMY BunapHuky Buchi 210 3 Baky-
YMHHUM KOHTPOJIEPOM IPH 3aJUIIKOBOMY THCKY 0,02 aTM. /l11 roMoreHisalii BUKOPHCTOBYBa/IM MeTOJ eKCTpy3ii npu
BHCOKOMY THCKY Ha ycTaHoBLi Microfluidiser M-110P (Microfluidics, CILA).

Pe3y/nbTaTH Ta iX 06roBOpPEHHs. 3 PO3BUTKOM dapMalleBTUUHOI HAYKH 3pOCTaE iHTepeC 10 BAKOPHUCTAHHS HAHOTEX-
HoJiorii i HaHoMaTepianiB. OZIHUM 3 ePCIeKTUBHUX HANPSIMKIB € JIIMOCOMU 3 IUTOCTaTUKaMU. KoHIleHTpauis Airoyoi
pedoBuHH, pH, MeTo/| 3aBaHTa)KeHHS aKTUBHOI'O KOMIIOHEHTA B JIiIMOCOMHY; CIiBBiZJHOIIEHHS] KOMIIOHEHTIB 1 KOHL|eHTpa-
is ainigiB y MeM6pani; po3Mip 4acTOK; pO3YMHHICTB JIiliZIiB IpY BUTOTOBJIEHHI IJIIBKY; MapaMeTpy roMoreHisauii;
pexuM Jiiodinizanii; cTabisbHICTb Micas perigpaTarii; JocaipKeHHs CTabiIbHOCTI FOTOBHUX JIiKapCbKUX GOPM BIPOIOBK
TepMiHy NPUAATHOCTI — paKTOpH, sKi HEOOXiZIHO BUBYUTHU JJIs1 ycHilHOI peasisauii po3po6ku. [l1aHyBaHHS eKcriepu-
MEeHTY 3 papMaLeBTHYHOI PO3PO6KH JTIOCOMATbHUX GOPM OKCasliNJIaTHHY Ta ipHHOTeKaHy € KOMILIEKCHUM JOC/TiKeH-
HfIM 3 BUKOPUCTaHHAM npuHIumiB Quality by Design (QbD).

BUCHOBKH. Po3IJisiHYyTi BUMOTY HOPMATUBHOI J0KyMeHTaLii /1 CTBOPEeHHs JIiMOCOMaIbHUX GOpM JiIKapChbKUX
npenapartis. Y dapmaneBTHYHIN po3po61ii He06XiIHO BUKOPUCTOBYBATH KOMIIJIEKCHUM MMi/IXi/1, OCKiJIbKHY GibLIiCTh MU~
TaHb HEMOXKJIMBO BUPILIUTH OKpeMo. 3alpONOHOBAaHO CUCTEMY IIJIaHyBaHHS eKCIIePUMEHTY y ¢papMaleBTHYHiH po3-
pob61i JinocoMaIbHUX NMpenapaTiB ipuHOTeKaHy i oKkcaslinaTHHY.

Kamwowuosi caoea: ipuHomekaH; okcaainaamuH; Ainocomu; AinidHutl 6iwap; papmayesmu4Ha po3pobKa; Xxpomamo-
epadis; niopinizayis
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Is1aHupoBaHUe 3KCIIepUMeHTAa NP papMaleBTUYEeCKOH pa3pa6oTKe JUIIO0COMATbHBIX
npenapaToB HUTOCTATUKOB

B HacTosee BpeMsi Bo3pacTaeT HHTEPeC K pa3paboTKe HOBBIX CPE/ICTB JOCTABKU JIEKAPCTB U K IleJIeBOH Tepanuu
IPY MCIOJIb30BAaHUM HAHOTEXHOJIOTMH 1 HAHOMAaTepHaJIOB.

Iles1b - U3Yy4YUTH NOPSA/IOK MPOBeJeHNs GpapMaleBTUYeCKOH pa3paboTKH JIMIOCOMAIbHBIX GOPM LIUTOCTATHKOB.
[Ipea1oXXUTh 06BEM 3KCIIEPUMEHTA AJIS ONTUMH3ALMY MJIaHUPYeMbIX TOKa3aTesleld KayecTBa U TEXHOJIOTHYECKHX 1a-
paMeTpoB.

MaTepuasibl M1 METOABL. AHA/IM3 HOPMATUBHbIX JJOKYMEHTOB, HAYYHO! JIMTEPATY P, a TAKXKE PE3YJIbTATOB MPe/ibl-
JIYIMUX COOCTBEHHBIX 3KCIIEPUMEHTA/IBHBIX UCC/IeJ0BAHUH, KOTOPbIE CTaIM OCHOBOH JIJIS1 ONpe/iesIeHUs] METO/0JI0T U
CO3/]aHHs JIMIIOCOMAJIBHBIX NPENapaToB Ha OCHOBE OKCAMIIJIATHHA M UPUHOTEeKaHa. /|11 U3roTOBJIEHHS JIUIIOCOM HC-
10/1b30BaJIM JIMNTUABI Tpou3Bo/cTBa Lipoid, lepManus. JlunuHyo IIEHKY M0JIyYald Ha pOTOPHOM HcnapuTesie Buchi 210 ¢
BaKyyMHBIM KOHTPOJIJIEPOM IIPU OCTAaTOYHOM JjaBieHuH 0,02 aT™. /J/1s1 rOMOreHH3aluy HCII0/1b30BaU METO/, SKCTPY-
3UU IIPH BBICOKOM JIaBJIEHUH, KOTOPYIO IPOBOU/IN Ha yctaHoBKe Microfluidiser M-110P (Microfluidics, CLLA).

PesynbTaThl M X 06CyKJeHHe. C pa3BUTHEM papMalLeBTHYeCKOH HayKH BO3pacTaeT MHTepec K HCI0/Ib30BAHUIO
HaHOTEXHOJIOTHI U HaHOMaTepHuanoB. OZHUM U3 MepPCNeKTUBHBIX HAalPaBJIeHUH SIBJSIOTCS JIMIOCOMbI C IUTOCTATH-
kaMu. KoHIleHTpalus AelcTByOLero BellecTBa; pH; MeTo/ 3arpy3ky akTHBHOTO KOMIIOHEHTA B JINIIOCOMbI; COOTHO-
IIeHHe KOMIIOHEHTOB M KOHI|eHTpalMs JIMIHU/J0B B MeMOpaHe; pa3Mep YacTHIl U BHYTPEHHUH 06'bEM; PaCTBOPHUMOCTD
JIMNAZOB NP U3TOTOBJIEHNH IJIEHKY; TapaMeTphbl TOMOTeHU3aL|Y; OIlpeZie/IeHHe TpUMecel B IEHCTBYIOLIEM BelleCTBe; pe-
XKUM JIMOPUIN3ALUY; CTAaGUIBHOCTD 110C/Ie PeryipaTaliy; CTaGUIbHOCTb FOTOBbIX JIEKAPCTBEHHBIX GOPM B TeYeHHe
CpOKa roJJHOCTH - GaKTOPbI, KOTOPble HEOGXOJUMO U3YyUUTh JIJIS YCIEIHON peasn3aluy pa3paboTku. [llraHnpoBaHue
3KCIepUMeHTA Mo ¢papMaLeBTUYeCKOH pa3paboTKe JTUIOCOMAIbHBIX pOPM OKCATHUIJIATHHA U MPUHOTEKaHa ABJIAETCS
KOMIIJIEKCHBIM HCCJIe[JoBaHHEM C IpUMeHeHHeM npuHiunos Quality by Design (QbD).

BeIBoAbI. PaccMoTpeHb! TpeGOBaHUs HOPMAaTUBHOMN JJOKyMEHTALUHU /ISl CO3/JaHuUsl JIMIIOCOMa/IbHBIX GOpM Jie-
KapCTBeHHBIX NpenapaToB. [Ipu ¢apmaleBTHYecKOH pa3paboTKe HEO6XOJUMO HCIOJIb30BaTh KOMILIEKCHBIH MOAXO/,
MTOCKOJIbKY GOJIBIIMHCTBO MOCTaBJIEHHBIX BOIPOCOB HEBO3MOXHO PELIMTB 110 OTAeAbHOCTH. [IpeasioxeHa cucTeMa mia-
HUPOBaHUS dKCIIepUMeHTa o GpapMareBTUYeCKOH pa3paboTKe JHUIOCOMAJIbHBIX IPenapaToB HPUHOTEKaHA U OKCa/IH-

IJIaTUHA.

Karouegvle cnoea: upuHomekaH,; oKCaaunaamuH; AUNOCOMbl; AUNUOHDLL 6Uca0l; papmayesmuyeckas paspabom-

Ka; xpomamozpagusi; auogpuausayus

STATEMENT OF THE PROBLEM

At present, there is an increasing interest in develo-
ping new ways of drug delivery and targeted therapy,
using nanotechnology and nanomaterials. With the de-
velopment of the pharmaceutical sector of nanoscale do-
sage forms and the shift from research to practical appli-
cation, the research direction shifts from laboratory ex-
periments to production standardization, development
of regulatory requirements and the study of industrial
approaches in the creation of complex structured drugs
with particle sizes of 80-200 nm [1].

Along with the already existing pharmaceutical ana-
lysis methods, for description of medicinal facilities new
physical and chemical methods and their modifications
are used in a nanorange. In particular, it is possible to
mark dynamic dispersion of light for determining size of
particles, gel penetrating chromatography for determi-
nation of size of encapsulation of active pharmaceutical
ingredients (APhI) in liposoms [2-4].

The critical stage of production of nanomedicines is
a down-scaling of technological process. The scientific
literature sanctified to creation of medicinal prepara-
tions of nanoscale distinguishes the row of parameters
requiring the special attention at their production [5]:
correlation of components; type of solvent; temperature
of process; pressure; pH and row other.

ANALYSIS OF RECENT RESEARCH
AND PUBLICATIONS

To the nanosize forms of medications, in particular lipo-
soms, the different types of international normative do-
cuments, that regulate pharmaceutical development, pro-
duction and control of medicinal facilities, are applicable.

Developers at planning of experiment must follow as
by the base documents of International Council for Har-
monisation of Technical Requirements for Pharmaceuti-
cals for Human Use (ICH) for realization of pharmaceuti-
cal development [6, 7], so by the regulator documents of
the separate states, touching medicinal nanosize forms
directly, taking into account the specific of development
of these materials [8, 9]. These requirements determine
the entire life cycle of the liposomal drug and include the
requirements for the raw feed, its compatibility with the
components of the preparation, analytical methods for
studying the impurities of APhls and lipid components,
confirming the stability of the auxiliary membrane-for-
ming lipid components, studying the sizes of the resulting
nanoparticles, facilities. The technology of liposome for-
mation and the methods of inclusion in the APhI nano-
particles require comprehensive study on the basis of an
integrated experiment planning. Along with methods ba-
sed on the use of ultrasonic treatment, injection, freezing-
thawing and others, preference is given to the method of
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homogenization at high pressure, which allows to stan-
dardize and scale the technological process [10].

IDENTIFICATION OF ASPECTS OF THE
PROBLEM UNSOLVED PREVIOUSLY

The important is remained by the question of receipt
of sterile preparation. An optimal method is steralizing
filtration through the cascade of membranes. Thus most
effective steralizing filtration is considered immediately
in front of filling of the primary packing [11]. Wide distri-
bution as facilities of oncotherapy was got by the liposom
forms of cytostatics, that it is related to therapeutic advan-
tage and unique properties of these nanoparticles [12, 13].
Preparations of irinotecan and oxaliplatin are perspec-
tive therapeutic facilities during realization of different
protocols of treatment of cancer diseases [14]. High anti-
tumoral activity of irinotecan and oxaliplatin is accom-
panied by high toxicness, that does them the objects of
researches at creation of the liposomes delivery systems.

OBJECTIVE STATEMENT OF THE ARTICLE
To study the order of the pharmaceutical develop-
ment of liposomal forms of cytostatics. Suggest an expe-
riment to optimize the volume of the planned indicators
of quality and technological parameters.

PRESENTATION OF THE MAIN
MATERIAL OF THE RESEARCH

When developing liposomal drugs, a number of ques-
tions are arise that require experimental studies aimed
at determining: the content of APhl and the composition
of the auxiliary components; the pH value and the presen-
ce of buffer components; method of loading APhl in lipo-
somal nanoparticles; the ratio of membrane components
and the concentration of lipids; particle size and internal
volume of liposomes; the oxidation index; level of encap-
sulation; technological parameters of extrusion; type cryo-
protectant and lyophilization mode. In addition, it is ne-
cessary to determine: the stability of phospholipids and
APhls; impurities of APhl and membrane-forming lipids,
stability of liposomal emulsion after rehydration for the
period of administration to the patient, stability of the
finished dosage forms during the shelf life, etc.

At pharmaceutical development it is necessary to use
the complex approach as the majority of the put ques-
tions can not be solved separately. So, the concentration
of the active substance in the drug is determined by two
factors - the minimum volume of the bottle for logistic
and consumer convenience and the technological capa-
bilities of capsulation. Thus, in the case of liposomes con-
taining oxaliplatin and irinotecan, the concentration of
the substance entering the lyophilization stage is 2 mg/ml.
At the same time, a maximum of capsulation is provided,
which before lyophilization is: for irinotecan - not less
than 90 %); for oxaliplatin - not less than 60%. The pro-
posed drugs are concentrates and before the therapeu-
tic application they need a dilution determined by the

conditions of therapy. The choice of buffer salts is deter-
mined from the study of the stability of APhI in salt so-
lutions. In the case of oxaliplatin, the absence of salts in
the finished liposomal drug is suggested. This is due to
the presence of an atom of platinum, which is part of the
molecule of oxaliplatin, which can easily participate in
redox reactions and lead to the instability of the APhl and
the formation of impurities. The pH value inside and out-
side the liposomes when working with irinotecan requi-
res a variety of studies of the stability of the APhI. Given
the potential for the use of the “chemical gradient” me-
thod, it is necessary to investigate the stability of API from
pH values up 1.5-2.0 to 6.0. Low pH values characterize
the states within the liposomes, at which the molecule
is maximally protonated, and values close to neutral pH
are characteristic for the protonated state of irinotecan
and should lie in a range suitable for parenteral admi-
nistration. High stability of APhl irinotecan in the pH ran-
ge from 1.9 to 5.0 was noted. At the same time, the pH
value of 5.5 was already unacceptable, due to the destruc-
tion of the active structure of the irinotecan molecule and
the formation of impurities, the amount of which exce-
eded the specification.

The method of loading the APhI must take into ac-
count the chemical stability of molecules in the space of
the design parameters of the technology. In the case of
liposomes with oxaliplatin, given the lack of the proper-
ties of a weak amine, it is advisable to investigate the pos-
sibility of encapsulation by the passive capture method
in the formation of liposomes from a lipid film and to in-
vestigate the chemisorption potential using negatively and
positively charged lipids as lipid bilayer surface modi-
fiers. The irinotecan molecule, which is an example of a
weak amine, potentially has the ability to participate in
encapsulation using the “chemical gradient” method. It is
necessary to study the possibility of encapsulation with
both a “pH gradient” and an “ammonium gradient”. At the
first stage, the experiments should include studies of the
solubility of the lipids used in a suitable organic solvent.
We have shown that the use of a “pH gradient”, both from
the point of view of the stability of the molecule and from
the point of view of the achievable degree of encapsula-
tion, is more preferable.

On the next stage realization of experiments is nee-
ded with the purpose of determination of optimal corre-
lation of components of lipid membrane and concentra-
tion of lipids. The special attention it is necessary to spare
to maintenance of cholesterol in the membrane of lipo-
som. A cholesterol is a modifier; a step-up inflexibility of li-
pid membrane. However his surplus results in formation
of particles, with a size more than 1000 uwm, that results
in impossibility of realization of steralizing filtration of
liposom emulsion. It was shown by us, that maintenance
of cholesterol in a lipid membrane over 20 % mass, re-
sults in difficulties at reproducing of technological process.

One of the basic stages of receipt of liposom is homo-
genization. Working off the mode of homogenization be-
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gins on the stage of selection of composition and con-
centration of lipid membrane. Homogenization must pro-
vide the necessary range of sizes of liposoms emulsion,
her stability in the flow of time and absence of large par-
ticles hampering steralizing filtration through membra-
nes with the size of pores of 0.22 mcm. During realiza-
tion of preliminary experiments optimal the method of
homogenization was confessed at high pressure, with the
obligatory cooling of emulsion during a technological process.

The size of particles must be controlled on every sta-
ge of technological process. At work of cerouss the size
of liposoms must be forecast, on condition of stable in-
dexes of technological process. We showed possibility of
receipt of liposom the method of homogenization at pres-
sures up to 1500 atm.

To determine the internal volume of liposomes, it is
necessary to carry out experiments based on the prepa-
ration of drugs with a marker substance, and further its
removal by ultrafiltration. Determination of the substan-
ce of the marker in the ultrafiltrate will allow to deter-
mine two important technological factors - the internal
volume of liposomes and the number of cycles of ultra-
filtration necessary to create a “pH gradient”.

Preservation of the basic material of liposomes - phos-
pholipids is necessary for the stability of technological
and therapeutic indices during the life cycle of the prepa-
ration. The study of stability should be carried out at the
stages of developing the technology, using model samp-
les and applying those parameters of the technological pro-
cess that will be used in future to scale the process and ob-
tain industrial samples of the preparation. We have shown
that with the proposed process parameters, as in the case
of liposomes with oxaliplatin, and in the case of liposomes
with irinotecan, the oxidation index does not exceed 0.4.

Analytical support of pharmaceutical development
is the use of HPLC - both in the reversed-phase version
(for studying the composition of APhl impurities) and
in the gel filtration variant (for analyzing the encapsula-
tion of APhls in liposomes).

The critical technological stage of production of lipo-
somal forms of irinotecan and oxaliplatin is lyophilization.
At working off this stage it is necessary to decide the row

of scientific and technical questions, such as a type and
concentration of cryoprotector used in liposome emul-
sion, mode of lyophilization, including the primary and
secondary drying, with research minimum of possible tem-
perature of the second stage and study of maintenance
of remaining water in the prepared standards. Thereon
the stage of experiment stability of the prepared prepa-
rations is investigated after peruaparanuu, optimization
of type and concentration of stabilizators.

The stability of the liposomal emulsion after rehydra-
tion for the period of administration to the patient is achie-
ved by giving the liposomal emulsion the optimal value
of the potential zeta, which will ensure the aggregate sta-
bility of the drug.

Separately from technological experiments resear-
ches of stability of the prepared medicinal form stand on
the declared indexes of quality in a flow use-by of prepa-
ration date. At use-by of preparations date - 1 must be
studied 6 temporal points of storage of preparations in
the regulated terms (1, 3, 6,9, 12 and 15 months). The of-
fered volume of experiments embraces all technological
and control analytical area of creation of preparations,
and allows complex to work out the problems of quality
of preparation within the framework of conception of Qua-
lity by Design (QbD). This approach is most expedient in
case of the difficult structured preparations, in particular
liposom forms of cytostatics and allows to guarantee re-
producing of technological and therapeutic descriptions
of preparation on all stages of his production and thera-
peutic application.

CONCLUSIONS

1. The requirements of regulatory documentation for
the creation of liposomal forms of drugs are conside-
red. At pharmaceutical development it is necessary
to use the complex approach as the majority of the
put questions can not be solved separately.

2. A system for planning an experiment for the phar-
maceutical development of liposomal preparations
of irinotecan and oxaliplatin is proposed.
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