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Currently some success has been achieved when using liposomes in development of new drugs with
various actions. Scientists have demonstrated the use of phospholipids as the raw material for pro-
duction of liposomes. Supercritical fluids are used for producing multilayer, large and small monolayer
liposomes. The size and behaviour of liposomes are determined primarily by the presence of a closed
membrane wall. As a result, liposomes remain undamaged under various unfavourable conditions,
and their membrane is capable to self-regenerate after its structural damages. A positive factor is that
flexibility and fluidity of the bilayer give liposomes a high ductility. An important task in development
of the liposomal drug technology is to determine the critical parameters that affect obtaining of stable,
well characterized liposomal dispersions in large quantities. Critical parameters of the production
technology of Lesfal liposomal drug for injection have been determined. It has been found that the
most critical step is to obtain a lipid film. The main factors affecting formation of impurities in the pro-
cess of producing liposomes of Lesfal drug for injection are time; temperature and the vacuum level.
The critical parameters for these factors such as time (45 min), temperature (43°C), the vacuum level
(not less than 14 gPa) have been determined. They are the optimal values for producing a lipid film
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for Lesfal liposomes.

Currently some success has been achieved when using
liposomes in development of new drugs with various
actions. Scientists have demonstrated the use of phos-
pholipids as the raw material for production of lipo-
somes [5, 13].

As a rule, in the technology of liposomal products
a liposome membrane is formed from the same phos-
pholipids found in the composition of biological mem-
branes, i.e. phosphatidylcholine, phosphatidylethanola-
mine, phosphatidylserine. It allows to achieve complete
biocompatibility of liposomes [3, 12].

Various methods are used for liposome production.
For example, liposomes can be produced by ultrasound,
dehydration / rehydration, etc. According to the method
of dehydration/rehydration, a lipid is dissolved in an
organic solvent (chloroform, dichloromethane, metha-
nol, or ethanol), then the solution is evaporated, for in-
stance, in a rotary evaporator. Water and buffer solu-
tion are added to the lipid film formed on the wall of
the evaporating flask resulting in multilayer liposomes.
Monolayer liposomes are produced by subsequent ul-
trasonic treatment of the lipid suspension [6, 9, 11].

Lately, the technology of supercritical fluids has been
applied for liposome production. These methods allow
producing multilayer, large and small monolayer lipo-
somes. The size and behaviour of liposomes are deter-
mined primarily by the presence of a closed membrane
wall. Despite the molecular thickness (approximately
4 nm), the lipid bilayer is distinguished by the remarkable
mechanical strength and flexibility. As a result, liposomes
remain undamaged under various unfavourable condi-
tions, and their membrane is capable to self-regenerate
after its structural damages. A positive factor is that flexi-

bility and fluidity of the bilayer make liposomes highly

plastic [7, 8].

Taking the above into account an important objec-
tive for development of the technology of liposomal drugs
is to determine the critical parameters affecting produc-
tion of stable, well-characterized liposomal dispersions
in large quantities [10]. Sterile medicines require par-
ticularly serious attitude to ensure quality.

Critical parameters for the technology of a drug for
injection using essential phospholipids, which may in-
fluence on the strength of the lipid film, and, as a result,
on reproducibility from batch to batch, functional cha-
racteristics and quality of the product, are:

* the mixing time;

» the rate of the mixer when Lipoid EPCS 100 and
excipients are dissolved;

» the pH of solutions, the quantitative content of phos-
phatidylcholine, lysophosphatidylcholine and ben-
zyl alcohol;

» the time and storage temperature of the drug solu-
tion before bottling;

* temperature at the stages of technological process;

» formulation under the nitrogen atmosphere;

» sterility of the primary package;

» aseptic filling of the drug.

The most critical stage is production of a lipid
film [2].

The aim of the work is to determine critical para-
meters of the production technology of Lesfal liposo-
mal drug for injection.

Materials and Methods

Ethanol determination was performed by gas chro-
matography (SPhU, 2.2.28) [4] on an Aglient 7890N gas
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Fig. Integration of the peaks of phosphatidylcholine.

chromatograph with a flame-ionisation detector under

the following conditions:

* a HP-INNOWax fused silica capillary column with
the size of 30 m % 0.25 mm covered with a layer
of polyethylene glycol with the layer thickness of
0.25 pm;

* the column temperature: 100°C;

* the injection temperature: 230°C;

* the detector temperature: 250°C;

» the split ratio: 1:25;

* the carrier gas: helium for chromatography R;

» the flow rate: 0.7 mL/min.

The content of ethanol in 1 mL of the drug (X,), mg,
was calculated using the equation:

v Simy110-P S, -my-P )
> 5,-100-1-10-100 S, -10000 °

where: S, — is the average area of the peak of ethanol in
the chromatogram obtained with Reference solution (b);
S, — is the average area of the peak of ethanol in the
chromatogram obtained with Test solution; m, — is the
weighed amount of ethanol used for preparation of Refe-
rence solution (b), mg; P — is the content of the major
substance in ethanol used for preparation of Reference
solution (b), %.

Determination of phosphatidylcholine and lysophos-
phatidylcholine was performed by liquid chromatogra-
phy (SPhU, 2.2.29) [4] on an Aglient 1200 liquid chro-
matograph with an ultraviolet detector under the follow-
ing conditions:

» the steel column with the size of 250x4.6 mm packed
with Kromasil Si sorbent with the particle size of 5 um,
or equivalent meeting the requirements of the chro-
matographic system suitability;

» the mobile phase: isopropanol-n-hexane—water R
(67:16.5:16) ultrasonically degassed;

e the flow rate: 1.0 mL/min;

e detection: at 205 nm;

* the column temperature: 40°C;

* the volume of injection: 10 pL for determination
of phosphatidylcholine; 50 pL for determination of
lysophosphatidylcholine.

Before the analysis the chromatographic column was
equilibrated with the mobile phase in the volume of not
less than 300 mL.

Reference solutions (a) and (b) were chromatographed.

The retention time of the peak of phosphatidylcho-
line is about 10 min; the retention time of the peak of

rence solution (a) and the peak of lysophosphatidyl-

choline in the chromatogram obtained with Refe-

rence solution (b).

The content of lysophosphatidylcholine in 1 mL of
the drug (X,), mg, was calculated using equation 2:

S, -my-50-P-p S, -m,-P-p 5
© S, -100-m,-100 S, -m,-200° )

where: S — is the average area of the peak of lysophos-
phatidylcholine in the chromatogram obtained with Refe-
rence solution (b); S, — is the average area of the peak of
lysophosphatidylcholine in the chromatogram obtained
with Test solution; m, — is the weighed amount of lyso-
phosphatidylcholine used for preparation of Reference
solution (b), mg; m, — is the weighed amount of the drug
used for preparation of 7est solution, g; P — is the con-
tent of the major substance in lysophosphatidylcholine
used for preparation of Reference solution (b), %; p —is
the density of the drug.

The content of lysophosphatidylcholine per 1 mL of
the drug should be:

* not more than 4 mg at the time of release;
* not more than 6.62 mg on the expiration date.

Evaporation of the alcoholic solution of Lipoid
EPCS 100 was performed on a BUCHI rotary evapo-
rator R-215 using the nitrogen blanketing. This rotary
evaporator comprises the following major components:
a vacuum controller, a flask rotation speed controller
and a vapour temperature sensor, a water-bath, a vacu-
um pump. Temperature and the vacuum level are auto-
matically maintained in the equipment.

Results and Discussion

During the experiment when evaporating the alco-
holic solution of Lipoid EPCS 100 the following para-
meters were changed: 1) the time of evaporation at con-
stant temperature and the vacuum level, 2) the tempera-
ture at vacuum of 20 gPa and the time of 45 min, 3) the
vacuum level at constant temperature and time. The re-
sults of the study are presented in Tab. 1, 2, 3.

As shown by the data from Table 1, with the time of
evaporation from 35 to 45 min the content of lysophos-
phatidylcholine impurity is within the allowed limit range,
but the content of ethanol does not comply with the spe-
cification. The data from Tab. 2 indicate that the results
are best approximated to the optimal ones at the tem-
perature of 43°C and the time of 45 min, however, the
content of lysophosphatidylcholine is at the upper limit,
and the content of ethanol is too high. The required con-
tent of impurities in the drug is achieved at the given
values of time, temperature, and at the vacuum level of
12 and 14 gPa (Tab. 3).

4



38

BICHWK ®APMALLIT 3(83)2015

ISSN 1562-7241

Table 1
Determination of the optimal time for production of a lipid film
Experiment Temperature. °C | Vacuumn. aPa | Time. min Content of impurities Content of ethanol
No. P ! 9 ! (not more than 4.0 mg/mL) | (not more than 5.02 mg/mL)
1 40 20 35 0.8 12.6
2 40 20 40 0.9 8.5
3 40 20 45 3.6 7.7
4 40 20 50 47 7.2
5 40 20 60 6.4 6.3
Table 2
Determination of the optimal temperature for production of a lipid film
Experiment Temperature. °C | Vacuum. aPa | Time. min Content of impurities Content of ethanol
No. P ! '9 ! (not more than 4.0 mg/mL) | (not more than 5.02 mg/mL)
1 40 20 45 3.6 7.7
2 41 20 45 4.0 6.7
3 43 20 45 4.0 6.5
4 45 20 45 5.8 2.0
5 50 20 45 6.5 1.1
Table 3
Determination of the optimal vacuum for production of a lipid film
Experiment Temperature. °C | Vacuum. aPa | Time. min Content of impurities Content of ethanol
No. P ! '9 ! (not more than 4.0 mg/mL) | (not more than 5.02 mg/mL)
1 43 20 45 4.0 6.5
2 43 18 45 4.2 5.8
3 43 16 45 4.3 5.0
4 43 14 45 3.3 4.2
5 43 12 45 3.3 3.0
Table 4
The optimal parameters for production of a lipid film
Temperature. °C Vacuum, gPa, Time. min Content of impurities Content of ethanol
P ! Minimum ! (not more than 4.0 mg/mL) (not more than 5.02 mg/mL)
43 14 45 3.3 4.2

The optimal parameters of production of a lipid film
are given in Tab. 4.

Taking into account the physical and chemical pro-
perties of Lipoid EPCS the terminal sterilization of the
drug is impossible. Sterilization was performed by filtra-
tion through a 0.1 um filter, which is acceptable accord-
ing to the requirements of the SPhU, article Methods
of Preparation of Sterile Products. The drug was asep-
tically filled in the volume of 5.0 mL into dark-glass
ampoules previously blown with sterile nitrogen [1].

The material of ampoules (glass of hydrolytic class
1) was selected according to the requirements of the

SPhU, article 3.2.1 Glass Containers for Pharmaceuti-
cal Use.

The preliminary stability study of the drug has con-
firmed suitability of the primary package.

CONCLUSIONS

1. The major factors that affect formation of impuri-
ties when producing liposomes of Lesfal drug for injec-
tion are time, temperature and the vacuum level.

2. The critical parameters for these factors such as
time (45 min), temperature (43°C), the vacuum level (not
less than 14 gPa) have been determined. They are the opti-
mal values for producing a lipid film for Lesfal liposomes.
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BU3HAYEHHA KPUTUYHUX NAPAMETPIB TEXHONOTI OTPUMAHHA NPENAPATY
«JIECPAIIb»

r.l.bopwescbkuti

Knroyoei crnioea: ninocomu; mexHosoeis; KpumuydHi napamempu aupobHuymea

Y menepiwHilt yac 0ocsigHymi rnegHi ycriixu rnpu eUKOpUCMaHHi finocoM y CmMeopeHHI HO8UX rlikap-
CbKUX ripernapamie pi3Hoi cripsmosaHocmi Oii. BueHUMU 0o8edeHO 3acmocysaHHsi ¢hocgborninidie 8
sIKOCMIi CUpPOBUHU 01151 Mpu20myeaHHs flinocom. Halibinbw yacmo 07151 ompuMaHHS JTiNnoCoOM 8UKOpPUC-
mOo8yrmb MEeXHOII02il0 HaOKPUMUYHUX POo34UHI8. 3a ii 0ornomMozo MoxHa ompumamu bazamouwaposi,
geriuKi i OpibHi oOHowaposi ninocomu. Po3mipu ninocom i ix nosediHka suaHa4YaromeCs, Hacamre-
ped, HasigHICMIO y HUX 3aMKHymoi MembpaHHOI 06010HKU. BHacnidok yboe2o sinocomu 3bepizaroms
uinicHicme rpu pi3HUX Hecripusmnueux ymoeax, a ix membpaHa mae 30amHicmb 00 caMO8iOHO8-
JIEHHS MPpU CMPYKMyPHUX MOWKOOKEHHSX. [To3umusHUM ghakmopom € me, wo eHy4qKicmb biwapy i
lioeo nnuHHicmb Hadarome J1inocomMam 8UCOKOI nnacmuyHocmi. Baxnueum 3agdaHHSIM rpu po3pobui
mexHos1o2ii ninocoMasibHUX rpernapamie € 8U3Ha4YeHHs KpUmuUYHUX rnapamempie, siki ernnusaroms
Ha ompumaHHs1 cmabinbHUX, 00bpe xapakmepu3oeaHux linocomaribHUX Oucrnepcili y 8euUKUX Kirb-
Kocmsx. BusHayeHi KpumuyHi napamempu mexHornozii ompuMaHHs iH’eKyiliHoO20 1irnocomMarnbHoO20
npernapamy «Jflecehanby». BcmaHoeneHo, wo Halbinbw Kpumu4yHor € cmadis ompumaHHs ninidHor
rinieku. OCHOBHUMU ¢hakmopaMu, W0 8r1/iuearme Ha YymeopeHHsT OOMIWOK y nMpoueci ompuMaHHs
niinocom iH’ekyitiHo2o npenapamy «Jflecchanb», € Yac, memrnepamypa i pieeHb 8akyymy. BusHa4yeHi
Kpumud4Hi napamempu daHux ¢hakmopig: Yac (45 xe8), memnepamypa (43°C), seniuduHa 8akyymy (He
meHwe 14 alla), siki € onmumanbHUMU 05151 IPoUecy ompuMaHHs iridHOT rieKu 1inocom npenapamy
«Jlecgpariby.
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OMNPEQJENEHUE KPUTUYECKUX MAPAMETPOB TEXHONOI MU NMNONMYYEHUA NMPEMNAPATA
«JIECO®AIIb»

I UN.bopweeckuli

Knroueenle crioga: flunocoMbl; MexHOI02uUsl; KpumuYecKue napamempsl npou3sodcmea

B Hacmosiwee epemsi docmuaHymbi orpederieHHbIE ycriexu rnpu Ucrob308aHUU JIUNOCOM 8 Co30aHuU
HOBbIX JIeKapCmMBEHHbIX npernapamos pasnuyHoU HarnpasneHHocmu Oelicmeusi. YdeHbie dokasanu
rnpumeHeHue ¢hocghonunudos 8 kadecmee Cbipbsi Orid rpuomosneHusi nunocoMm. Haubonee 4acmo
01151 11071y 4eHUsI JIUMOCOM UCOMb3YHM MEXHOI02UK C8epXKpUMuUYecKux pacmeopos. C eé noMouwibto
MOXHO r10/Ty4UMb MHO20C/I0UHbIE, KPYIHbIE U Merlkue 0OHOC/IOUHbIE IUMNOCOMbI. Pa3mepbi unocom
u ux rnosedeHue onpedensaomcs, npexoe 8ce2o, Haau4yueM y HUX 3aMKHymou membpaHHoU 060-
JI04KU. B pesynbmame 3mozo flunocoMbl COXpaHsom UerioCmHOCMb Mpu pasiuyHbIx Hebrnazonpu-
SIMHbIX YCriogusix, a ux membpaHa obriadaem criocO6HOCMbIO K CaMOBOCCMAaHOBIEHUIO MPU CMPYK-
mypHbIX nospexoeHusix. [NonoxumernbHbIM ¢hakmopoMm sieriiemcsi mo, 4mo 2ubkocms 6UCIos U e2o
meKy4yecmb ripudarom JIuNnocoMam 8bICOKYHO naacmuyHocmes. BaxHol 3adaveli npu paspabomke
MexXHO/I02uU JTUNOCOMaribHbIX Mpernapamos s8/semcs ornpedesieHUe KpUmu4Yeckux napamempos,
8IUSAIOWUX Ha MoflyYeHuUe cmaburibHbIX, XOPOWO Xapakmepu3yeMbiX JTUMoCcoMarbHbIx ducrnepcull
8 bonbwux Konuyecmeax. OnpedeneHbl KpUMUYeCcKuUe napamMmempbl MEeXHOI02uuU Moy4YeHUsT UHb-
€eKYUOHHO20 NUMocoMaribHo20 rpenapama «Jflecghanby». YecmaHoeneHo, 4Ymo Haubonee Kpumu4HoU
sensgemcsi cmadusi nonydyeHusi nunudHou rnneHku. OCHOBHbIMU thakmopamu, enusowWuMu Ha 06-
pasosaHue npumeceli 8 Ipoyecce nosy4eHUs: IUMOCOM UHBEKUUOHHO20 npernapama «Jlecchanby,
S6M1II0OMCS 8peMsi; memriepamypa U yposeHb 8akyyma. OnpederneHbl Kpumuyeckue rnapamempsl
OaHHbIX ghakmopos: 8pems (45 muH), memnepamypa (43°C), ypoeeHb 8akyyma (He meHee 14 2lla),
Komopsble 581simces onmumarbHbiMu 07151 poyecca rnosy4YeHus aunudHoU MIeHKU UrnocoMm rnpe-
napama «Jlecgbarby.



