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STUDY OF THE COMPOSITION OF CRYOPROTECTOR AND TECHNOLOGICAL
REGIME IN LIOPHILIZATION OF LIPOSOMES WITH OXALIPLATINUM
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Jioginizayis € 0OHUM i3 HAUOLILW NEPCIEKMUBHUX MA TNEXHOJIO2IUHUX MemOo0i8 0Jis 30epieantsi CMPYKmypu Ha-
HObIomexHON02IHUX npodyKkmis. Jlinocomu i3 oxcaniniamunom 6ynu ompumani, i 6y6 NPoeeoeHull CKPIHIHZ08ULL
eKcnepuMenm Ois 00CIONHCEH S, ONMUMATLHO20 KPIONPOMEKMOpY.

Lline. Ompumannsa ninocom i3 OKCAnNAAMUHOM, BUSHAYEHHS MUNY KPIONPOMEKmopy, ma 1020 KOHYenmpayii,
00CHIOMHCEHHsT napamempie nioginizayii 0151 OMPUMAHH NPOOYKMA i3 MAKCUMAILHOIO [HKANCYIAYIEN OKCANin-
JIAMUHQ, 13 30ePedACeHHIM POIMIPY JIINOCOM y HAHOOIANA30HI, MA ONMUMAIbHUM MICIOM 800U Y ioginizami.
Memoou: Jlioginizayia 6yna nposedena na aioghinouiu cyuyi Qurco (KHP). Jlinocomanvha ¢popma oxcanina-
MuHy 6y1a OMPUMAana MemoooM «HACUBHOIY THKANCYAAYIL Y KOMOIHAYIT i3 Memooom ioHHOI copOyi.
Pesynomamu: Jlakmosa, yykposa, Maiemo3a ma mpe2anoza ouziopam 6yau 00criodxceHHi y akocmi Kpionpome-
kmaumis. Ilpu yvomy, mpezanosa ouciopam eussuecs naibinbus nepcnexmusuum. Hozo onmumansroro kounyin-
mpayieto 6ino eusnano 8 % macosux. Ilpoepama ninocomanvroi cywiku 6yra onmumizosana. Ilepsunna cyuixa
mpusanicmio 1740 xeunun 6yna eusnana veoocmamuworo. Ilicis yboeo npoepamy giokopexmysanu Ha 300 xs y
cmopony 30invwents, 0o mpusanocmi 2040 xe. 3nauenns empamu inkancyasyii ckaano 8 %, 3 65 % nepeo cyw-
K010, 00 57 % nicas cywku. Lo € 6ucokum nokasHukom, skutl ceiouums npo ehexmuricms Kpionpomexmanmy
ma payionanvHy npoepamy cyuwiku. Posmip ninocom nicasa cywku cknag 112 um, ocmamounuii émicm 80102u, 6u-
Mmipsanutl 3a memooo K.@iwepa cknas 2,3 %, wo € y mescax yinbo6ozo 0ianasomy.

Bucnoeku: Texnonozcis ons ompumanus 1inocomManbHoz2o oxkcarinaamuny 6yna sanpononosana. Ilopyu 3 yum 0ye
npo8edeHUll CKPIiHIH208ULl eKCNEPUMEHTI HO OOCTIONCEHHIO ONMUMATbHO20 Kpionpomekmopy. Haubinbw nepcnexmu-
BHUM 0710 NOKA3AHO Mpe2ano3y ouziopam y AKocmi Kpionpomexkmopy. Byno eusueno enue piznoeo emicmy mpezaio-
3u Queiopamy Ha cmynens iHkancyaayii. byno nokasaro, wjo onmumanshum € emicm 8 % 3a maccoro.

byno pospobrerno mexnonociuni napamempu npoyecy mioginizayii 1inocom i3 OKCArinIamuHoM: 4ac CywKu ma mem-
nepamypy nioginizayii. Bmpama cmynenio inkancynayii oxcaniniamuny y ainocomu e nepesuwgysana 8 %, iz emic-
mom ocmamounoi gonozu 2,3 %. Po3mip ninocom nicis npoyecy sanuuascs y Hanoouanazoni ma cknaoag 112 um
Knrouosi cnosa: Oxcaninramun, ninocomu, ekCmpy3is nio 6UCOKUM MUCKOM, KDIONPOMeKmop, NiopiioHa cyuxa

1. Introduction

Liposomes, as modern drug delivery systems, have
been studied for several decades [1]. Over 50 liposomal
drugs are licensed, registered and intensively used in various
pathological states. It is worth to admit a number of liposo-
mal drugs in the world market with the volume of sales in
millions of US dollars, such as AmbiSome (lyophilized
liposome form of amphoterecin B), Myocet (liposomal form
of doxorubicin hydrochloride), Visudine (liposomal form of
verteporfin), Mepact (liposomal form of immunomodulator
of mifamurtide). Another promising group of preparations,
is one that contain platinum, in particular oxaliplatin, as well
as preparations of the group of camptothecins, for example,
irinotecan, which demonstrate efficacy both in monotherapy
and in combination with other antitumor medicine [2]. In
addition to being able to act as carriers of active pharmaceu-
tical ingredients (API), liposomes possess a unique ability to
reduce the toxic effect of cytostatics, which limits the full
realization of their potential [3].

2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

However, the chemical instability of some APIs in
their aqueous solutions, the propensity of the phospholip-
id bilayer liposomes to oxidation, loss of encapsulation
during storage make it difficult to develop liposomal
drugs, limiting the launching of these drugs to the phar-
maceutical market [4].

3. An analysis of the latest research and publi-
cations in which the solution of this problem has been
initiated and on which the author relies

There is exists a number of methods for stabiliza-
tion of liposomal drugs. The most promising, from tech-
nological point of view, is lyophilization method, which
allows to preserve both, the native chemical structure of
active and additional components, as well as the three-
dimensional structure of liposomes, even after rehydra-
tion process [5].

The lyophilization process is the sublimation of
water from the preparation, transformation of water into
vapor and its removal, excluding a liquid phase. The
main components of the freeze drying system are a sam-
ple chamber, a condenser, a vacuum pump, a shelf tem-
perature control system, and a condenser cooling system.
The product to be lyophilized is placed in the sample
chamber. With the help of the shelf cooling unit, the
product is frozen to a temperature of “—40” °C. Conden-
ser shelves, must be cooled to a temperature from “-75”
°C to “—80” °C. The chamber is sealed and with a vacu-
um pump, through the condenser, a pressure of about
0.03 mm Hg is created. Below the triple point (for pure
water: 6.1 mbar at 0 °C) there are only a solid and gas
phases for water. This physical principle is a base for the
process of sublimation drying. Ice from the preparation,
is sublimated at the temperature of the shelves, and turns
into water vapor. At the same time, take place its mass
transfer to the condenser chamber, where, at a lower
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temperature, it precipitates as ice on the condenser's
shelves [6].

The sublimation process can be divided into two
physical stages — sublimation of ice from the production
and its capture by condenser shelves. The degree of wa-
ter transfer, as well as the speed of the process is regulat-
ed by the temperature program of the shelves in product
chamber and the total process time [7].

Wial with the product

gl

Fig. 1. Structure of the vial with a product during the
drying process

In Fig. 1 showed the type of vial with the product
during the primary drying process. Part of the ice, at the
top of the vial, sublimated, opening the 3-D structure of
the preparation, and in the same time, the process of
evaporation in the lower part of the product takes place.

Three main technological stages of the lyophiliza-
tion process can be distinguished: freezing, primary dry-
ing, in which most of the ice is removed, and secondary
drying, when the bound and occlusal water is removed.

4. The selection of previously unsolved parts of
the general problem, which is devoted to the article

The lyophilization process is characterized by a
number of critical points - such as the total drying time,
the secondary drying temperature, which should be high-
er than the melting point of the solvent being removed,
but at the same time not destroy the matrix of nanoparti-
cles. [8]. The most important stage in the development of
liposomal drugs is the selection of a cryoprotectant,
which in a dried preparation preserves the 3-D structure
and prevents the collapse of the phospholipid bilayer.

5. Formulating the goals (objectives) of the article
The aims of the study — are to obtain liposomes
with oxaliplatin; to determine the type of cryoprotectant

and its concentration; to study lyophilization parameters
to manufacture the product with maximum encapsulation
parameters, along with remaining the size of liposomes
in the nanoscale and with optimum residual moisture
content.

6. Statement of the main research material
(methods and objects) with justification of the results

For preparation of liposomes was purchased egg
phosphatidylcholine from Lipoid, Germany. Cholesterol,
citric acid monohydrate, trehalose dihydrate, solvents
were purchased from Sigma-Aldrich, USA. The lipid
film was prepared on a Buchi 210 rotary evaporator with
a vacuum controller, at a residual pressure of 0.02 atm.
For homogenization we used a high pressure extrusion
method. The extrusion was carried out using a Microflu-
idiser M-110P model from Microfluidics, USA at a pres-
sure of 1500 atm. The size of the liposomes was deter-
mined at a temperature of 20° C on a Zetasizer Nano ZS,
Malvern Instruments, UK. Ultrafiltration was carried out
on a Minim2 model, PALL, USA. Lyophilization was
carried out in the Quarco model, P.R.C. The residual
water content was determined by K. Fisher's method, on
a V-20 Mettler Toledo, USA. The encapsulation degree
was determined by HPLC on a LC-20 instrument Shi-
madzu, Japan, according to a method developed earlier
[9]. The preparation was sterile filtered and bottled in
aseptic conditions in sterile vials VAT050-2C, 50 ml
capacity, manufactured by Schott, Germany.

Liposomal oxaliplatin was prepared by the meth-
od of "passive" encapsulation in combination with the
method of ion sorption. Lipids: PC/Chol/DPPC in a ratio
of 50/20/30 (by weight) was placed in a round-bottomed
flask, dissolved in a chloroform-anhydrous ethanol mix-
ture with short-term exposure to ultrasound (at 35 kHz)
until the opalescence disappeared. The resulting lipid
film was hydrated with a solution of oxaliplatin at a con-
centration of 4 mg/ml for 60 minutes at 20 °C.

Homogenization was carried out on a high pres-
sure homogenizer until a liposomes with size of
80120 nm was obtained. The concentration of oxaliplatin
in the obtained liposomes was adjusted by water for
injection. In the final product, the concentration of oxali-
platin was 2 mg/ml, the total lipid concentration was
20 mg/ml.

A screening experiment was conducted to select
the most prospective cryoprotectant for liposomal oxali-
platin. A 52-hour drying program was used. Encapsula-
tion of oxaliplatin in liposomes before lyophilization was
62 %, the size of liposomes was 112 nm. The results of
the experiment are presented in Table 1.

Table 1
Results of the cryoprotectant study for lyophilization of liposomal oxaliplatin
No Cryoprotectant The ox_aliplatin con- _ Size of Oxalipl:_;ltin Water
' centration of, mg/ml | liposomes, nm encapsulation, % content, %
1 Lactose monohydrate, 5 % 2.0 116 42 0.8
2 Sucrose, 5 % 2.0 110 37 0.7
3 Trehalose dihydrate, 5 % 2.0 114 46 0.8
4 Maltose, 5 % 2.0 112 35 0.5
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It can be seen from Table 1 that after use of dif-
ferent cryoprotectants and a 52-hour drying program, the
encapsulation is reduced from 62 % to 35-46 %, while
the size of the liposomes remains practically unchanged.
A low variance of the encapsulation meaning is ex-
plained by the loss of encapsulated oxaliplatin, while the
ion-sorption capture mechanism operates with any type
of cryoprotector [10]. The low content of residual water
is explained by the high duration of the lyophilization
process — 52 hours (3120 min).

The best result for the encapsulation of oxaliplatin
into liposomes after lyophilization was observed with
trehalose dihydrate as cryoprotectant. To study the effect
of different cryoprotectant content on the degree of en-
capsulation and the size of liposomes, an experiment was
carried out. The cryoprotectant was studied in concentra-
tions of 4 %, 6 %, 8 %, 10 %. Liposomes were prepared
according to the previously described technology, a cry-

oprotectant solution filtered through a polyethersulfone
filter with a pore size of 0.22 pm was added in the last
step, with a final concentration of oxaliplatin of 2 mg/ml
and a lipid concentration of 20 mg/ml. The results of the
experiment are shown in Fig. 2.

As can be seen from Fig. 2, the optimum concen-
tration of the cryoprotectant is 80 mg/ml or 8 %. Also,
was carried out an additional experiment to optimize the
time of freeze-drying process. The 52-hour program,
used in the screening experiments, showed residual
water content of less than 0.8 %, what can be evidence
for excessive duration of the process. So, on the next
step was studied the process of lyophilization with du-
ration of 29 hours (1740 minutes), similar to one that
used in the lyophilization of liposomes with irinotecan
[article in press].

In Fig. 3 are shown the results obtained during the
process of lyophilization within 29 hours.
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Fig. 2. Influence of trehalose dihydrate as a cryoprotector on encapsulation and the size of liposomes after lyophilization. A —de-
pendence of the liposome size from trehalose dihydrate content; ¢ — dependence of oxaliplatin encapsulation from concentration of
trehalose dihydrate
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Fig. 3. Mode for lyophilization of liposomal oxaliplatin with a process duration in 28 hours: ¢ — temperature of the shelves of the
chamber, A — temperature of the product during the lyophilization process

After the use of the drying process of 29 hours it
has been found that the residual water content is 7.4 %,
what is out of specification limits. It can be seen from
Fig. 3 that the temperature of the product in the vicinity
of the 1300th minute do not reach the temperature of the
shelves, which is evidence of the non-complete primary
drying stage, and indicating the presence of residual
water in the sample. After the end of the process, it was
noted that the lyophilized mass had a "foamy" appear-

ance, indicating that there was a significant amount of
moisture in the stage of secondary drying. Differences in
the technological parameters in compare to liposomal
irinotecan can be explained by the presence in the lipid
bilayer of liposomal oxaliplatin polar DPPG modifier,
which effectively retains water, in comparison with the
neutral membrane of liposomal irinotecan, and requires a
longer drying process. Given that the primary drying
time was not enough, the process of the program was
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adjusted. The secondary drying temperature remained From Fig. 4 it can be seen that during the primary
unchanged and was 15 °C. drying, the product temperature "smoothly" approaches

In Fig. 4 is shown the program of lyophilisation of the temperature of the shelves, which indicates the sub-
the liposomal oxaliplatin, modified in view of the re- limation of the main content of residual water. Also,

ceived data. The time of primary drying was increased on during the secondary drying, the temperature approaches
300 minutes in comparison with the previous experiment. the temperature of the shelves 4 hours before the end of
The total time of the process was 34 hours or 2040 the process, which indicates complete removal of water

minutes. during the secondary drying.
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Fig. 4. Mode of freeze-drying liposomal oxaliplatin, with a total duration of 34 hours. ¢ — temperature of the shelves of the chamber,
A — temperature of the product during the lyophilisation process

Liposome size, residual water content and encap- prospective. The effect of different concentrations of
sulation were measured. The size of liposomes was trehalose dihydrate on the degree of encapsulation of
112 nm, the degree of encapsulation was 57 %, while oxaliplatin in liposomes was studied. It was found that

taking into account that analogical values before lyophi- the optimum concentration of the cryoprotectant in the
lization was 65 %, the loss was 8 %. preparation is 8 % (by mass).

This is sufficiently high value, indicating an effec- 2. The technological parameters for the process of
tiveness of cryoprotectant and a rational program of liposomal oxaliplatin lyophilization were developed: the
lyophilization. The residual water content was 2.3 %. temperature of secondary drying, the time of secondary

drying, the total time of the process.

7. Conclusion The decrease in encapsulation of oxaliplatin in

1. A technology for obtaining liposomal oxali- liposomes during lyophilization did not exceed 8.0 %
platin has been proposed and screening studies have been with a residual water content of about 2.3 %.
conducted to determine the cryoprotectant. It is proposed The size of the liposomes after lyophilization

to use as a cryoprotector trehalose dihydrate as the most was 112 nm.
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STUDY OF SUPEROXIDE- AND NO-DEPENDENT PROTECTIVE MECHANISMS OF
N-ACETYLCYSTEINE AND LOSARTAN IN RAT’S AORTA AND LIVER UNDER
STREPTOZOTICIN-INDUCED TYPE 1 DIABETES MELLITUS

© 1. Sytnyk, A. Burlaka, A. Vovk, M. Khaitovych

Mema. Jocrioumu cynepoxcuo- ma NO-zanexcni mexanizmu 0ii N-ayemuayucmeiny (NAC) ma nosapmany
(LOS) 6 aopmi ma neuinyi wypis iz inoykoeanum yykposum diabemom 1 muny (L[/1).

Memoou. I[ypu i3 inoyxkoeanum L[[{1 ompumysaru NAC (1,5 e/xe), LOS (20 me/ke) abo ix rombinayiro
(NAC+LOS) npomsicom 4-x muoicHis.

Pesynomamu. [llguoxicme ecenepysanns CP mimoxouopiamu aopmu uenikoganux meapun i3 L[J[1 6yra oo-
CMOBIPHO 8UWOI0 NOPIBHAHO 00 epynu Koumponto, 6 mot yac pieenv NO 3suuocysaeca. Ipodykyis CP ma NO
3HAUHO niosuugyeanacs y nedinyi meapun i3 L[J[1. ITiosuwyeanacs exckpeyis 3 ceuero MapKepy OKUCHO20 NOUi-
koOxcennsi JJHK -8-oxcoeyaniny y wypie iz L[/[1. Bci 0ocnioocysani papmaxonociuni cxemu cCnpusiiu 00Cmosip-
HoMy 3HUdCeHHIo wieuokocmi eenepysanni CP ma NO mimoxonopismu aopmu ma neuinku, pieeno NO 6ye snau-
HO Hudicyutl y mrkanuni nevinyi wypis nopiensano iz epynow L/[1. Tineku NAC cmamucmuuno 3nauywe 8ionos-
mosas piserv NO 6 aopmi diabemuunux wypis. Beeoenns NAC/ LOS abo NAC+LOS cnpusino 36inbuiennio pigns
8-oxcoeyaniny nopisnsano iz epynoio L[/]1.

Bucnoexu. Kopexyia NAC ma LOS uu ix kombinayii nog’szana iz 3axucmom KiimuH aopmu ma neyiHku y med-
pun i3 L1 6i0 moxcuurnoi 0ii CP, nepewikooxcarouu MimoxoHOpianbHit Ouc@yukyii i nocaioyouozo pyuHysamHs
JIHK, wo ceiouums npo kapoionpomeKkmophi eghekmu ma 3a2anbHe Memaboniune noKpaujeHHs

Knruosi cnoea: cmpenmosomoyun, cynepokcuo, aopma, neuinka, wiypu, N-ayemunryucmein, nozapman

1. Introduction

Diabetes mellitus (DM) is the most widespread
endocrinological disease, and its complications, especial-
ly diabetic cardiomyopathy (DC) decreases quality of
patients’ lives and often results in fatal outcome. Accord-
ing to the WHO’s data, 2.2 million deaths induced by
cardiovascular complications in case of excessive hyper-
glycemia were registered at the beginning of 2012 [1, 2].

2. Formulation of the problem in a general
way, the relevance of the theme and its connection
with important scientific and practical issues

One of the basic mechanisms of DC development
is hyperglycemia-induced oxidative stress (OS) that
includes excessive formation of reactive oxygen species
(ROS) — superoxide radicals (SRs) as well as antioxidant
system defense depletion. SRs have significant implica-
tion in the intracellular signaling and mediate various
cellular functions, including activation of transcription
factors, kinases and ion channels. Furthermore, increased
generation of SRs initiates activation of 5 basic signaling
ways including in the pathogenesis of diabetic complica-
tions, such as: polyol pathway, increased formation of

advanced glycation end products (AGES), elevated ex-
pression of the receptor for AGEs and its activating lig-
ands; activation of protein kinase C (PKC) isoforms;
hyperactivity of the hexamine pathway [3, 4].

Additionally, overproduction of SR initiate for-
mation of the most aggressive hydroxyl radicals (HO")
and reactive nitrogen species (RNS) in reaction with NO
in form of toxic peroxynitrite ONOOQO, especially under
hypoxia condition [5].

3. Analysis of recent studies and publications in
which a solution of the problem and which draws on
the author

It has been proved that hyperglycemia-induced
accumulation of mitochondrial ROS is associated with
disturbance of transmembrane potential that directly
induces opening of the mitochondrial pore and results in
mitochondrial dysfunction and DC development [6].
Therefore, the search for new pharmacological schemes
in DC treatment which minimize oxidative damage of
cells has become an actual problem.

Lately, the effectiveness of synthetic antioxidant
N-acetylcysteine (NAC) for correction of cardiovascular
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