ISSN 2415-8844 (Online) VISNIK FARMACII 4 (92) 2017 ISSN 1562-7241 (Print) 45

Recommended by Doctor of Pharmacy, Professor N. P. Polovko

UDC 615.072: 615.28: 616-006.04 https://doi.org/10.24959/nphj.17.2182
O. V. Stadnichenko', Yu. M. Krasnopolsky?, T. G. Yarnykh'

"National University of Pharmacy
*National Technical University “Kharkiv Polytechnic Institute”

The study of liophilization parameters in the liposomal
irinotecan development

The creation of the liposomal irinotecan is one of the main ways to reduce toxicity and increase the effectiveness
of chemotherapy. Lyophilization makes it possible to obtain a product with a guaranteed stability of the size and en-
capsulation efficiency.

Aim. To optimize the content of the cryoprotector in the liposomal irinotecan, and develop lyophilization parameters to
produce liposomes with the maximum encapsulation of irinotecan in them, alongside while maintaining the nanosize.

Materials and methods. Egg phosphatidylcholine from Lipoid (Germany) was used for preparation of liposomes.
Lyophilization was carried out in a Quarco device (PR China). The encapsulation degree was determined on a Shimadzu
LC-20 instrument (Japan) by HPLC method developed earlier.

Results and discussion. The optimal content of the cryoprotector — trehalose dihydrate has been studied. It has
been found that the optimal content of trehalose dihydrate is 8 % (w/w). The modes of the product lyophilization have
been studied. The secondary drying temperature in the range of 10-20 °C has been determined. At the secondary dry-
ing temperature of 10 °C the residual moisture content was 5-8 %, which was beyond the target range. At 20 °C the
water content in the lyophilizate was 0.5-0.8 %, the loss of encapsulation was up to 20 %. The mode of drying at 15 °C
was optimal, while the residual water content in the lyophilizate was 1.5-2.8 %, the loss of encapsulation was 13 %,
the size of the liposomes after lyophilization and rehydration did not change significantly compared to the initial one.

Conclusions. As a result of the studies, liposomes with irinotecan have been obtained. The content of trehalose
dihydrate as a cryoprotector in the range of 4-10 % has been studied. It has been shown that the optimum content of
trehalose dihydrate is 8 % (w/w); moreover, the encapsulation decrease in lyophilization is 13 %. The modes of the
liposomal irinotecan lyophilization have been studied at the final drying temperature of 10, 15 and 20 °C. It has been
found that the optimum final drying temperature is 15 °C.
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DocnigxeHHs napameTpiB niodinizauii npu ogepxaHHi ninocomanbHoi ¢hopmu
ipMHOTEKaHy

CT1BOpeHHSs ninocomarnbHOM (hopMy ipUHOTEKaHY — OAMH 3 OCHOBHMX LUMISAXIB 3MEHLLEHHSI TOKCUYHOCTI i NiABULLEHHS
edbeKTMBHOCTI Npy NpoBeaeHHi ximioTepanii. Jliodinizauis 4o3BonsAe oTpuMmyBaTh MPOAYKT 3 rapaHTOBaHM 36epexeH-
HSAM PO3MIpIB i napameTpiB iHKancynsuii, TOMy AOCNIAXEHHSA NapaMeTpiB AaHOro NPoLecy € akTyanbHUM.

MeToto JocCnigpKeHHst € ONTMMI3aLlist BMICTY KpionpoTeKkTopa B NinocomMarbHii hopMi ipuHoTekaHy, po3pobka npo-
uecy niodpinisavji Ans oTpumanHs J13 3 MakcMarnbHO iHKancynsLieto B HAX ipuHoTekaHy npu 36epexxeHHi HAHOPO3MIpIB.

Matepianu Ta meToau. [N BUroTOBMNEHHS MiKapcbKoro 3acoby BMKOPMCTOBYBanu Se4Hnin doocdaTnamnnxoni gip-
mu Lipoid, niodginisauito nposogunu B anapati Quarco BupobHuutea KHP. BuaHaueHHs CcTyneHs iHkancynsuii npoBo-
aunun metogom BEPX Ha npunagi Shimadzu LC-20.

PesynkraTti Taix o6roBopeHHs. [NpoBeneHo AoCnimpKeHHs BMICTY KpionpoTekTopa — Tperanoav avrigpary. BctaHosneHo,
LLIO ONTUMarbHUM € BMICT Tperanoau aurigpaty 8 % (mac). NpoBeaeHo BUBYEHHS pexxuMiB niodpinisavii npogykTy. BuByeHo
Temnepatypy BTOpuHHOro BucyLyBaHHs Big 10 go 20 °C. Npu Temnepatypi BTOpuMHHOro BucyllysaHHsa 10 °C BmicT
3arnu1LIKOBOI BOMOru cTaHoBuB 5-8 %, Lo BUXxoamno 3a uinbosi pamku. Mpu 20 °C BMicT Bogmn B nioginisati ctaHoBUB
0,5- 0,8 %, BTpaTa iHkancynauii — 8o 20 %. OnTuMansHUM OyB pexxuM Npu gocyLwysaHHi npu 15 °C, npu LboMy BMICT
3anuvLIKoBOI Boaw B niodpinisati cknae 1,5-2,8 %, BTpata iHkancynsauii cknana 13 %, po3mip ninocom nicng niodinisauii
Ta perigparauii icTOTHO He 3MiHIOBaBCS B NMOPIBHAHHI 3 BUXIAHMM 3HAYEHHSIM.

BucHoBkuW. B pesynbraTi npoBegeHux AocnifpKeHb OTPMMaHi fikapcbki 3acobu 3 ipuHoTekaHoMm. [locnigkeHo BMiCT
Tperanosu gurigpaTty sk kpionpoTekTopa B Aiana3oHi Big 4 oo 10 %. lNMokasaHo, Wo onTuManbHUM € BMIiCT Tperanosu
pvrigpaty 8 % (Mac), mpy LbOMY 3HWXKEHHS iHKancynauii npv niodinidavii craHoBuTb 13 %. [ocnigxeHi pexvimu niodi-
nizauii nikapcekmx 3acobiB 3 ipuHoTEKAHOM NpK Temnepatypi gocyysaHHst 10, 15, 20 °C. BctaHoBMNEHO, Lo onTuMarb-
HO € Temnepatypa gocylyBaHHsa 15 °C.

Knrovoei crioega: ninocomu; ximidHUG epadieHm; eKcmpy3isi BUCOKO20 MUCKY; KpionpomeKkmop; flioginibHa cyuika
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UccnepoBaHue napameTpoB nuocunusauum npyu nosy4eHUm MnocomManbHoOMn
¢opmbl MpUHOTEKaHa

CospgaHne nunocomarnbHON OpMbl UPUHOTEKAHA — OOUH U3 OCHOBHbBIX MYTEN YMEHbLUEHUS TOKCUYHOCTU U MNOo-
BblLeHMs 9PPEKTUBHOCTU NpY NpoBeAeHUM XuMmnoTepanuu. Jlinodunusaums no3BonsieT nonyyarb NpoaykT C rapaH-
TUPOBaHHbLIM COXpaHEHVEeM pa3MepoB M NapamMeTPOB MHKAMNCynsuuM, NO3TOMY UCCregoBaHe napameTpoB AAaHHOMO
npouecca sBMsAeTCst akTyanbHbIM.

Llenbto nccnenoBaHus SBASHOTCSA ONTMMU3aUNS coaepXaHus KpUONpoTekTopa B NIMNOCOMarnibHOM hopMe MPUHO-
TekaHa, pa3paboTka npouecca nuodpunusauum Ana nonyyeHns J1IC ¢ makcMManbHOM MHKaNCYnauMen B HAX UpUHOTe-
KaHa npu coxpaHeHUn HaHOpPa3MepOoB.

MaTepuansl u metoabl. [1nsa narotosneHus JIC ncnonb3oBanu anyHbIn docdatngnnxonuH dupmesl Lipoid, nuo-
unmsaumio npooaunu B annapate Quarco npoussoactsa KHP. OnpeneneHve cteneHn MHKancynsuuyM NpoBOAMIN
metogom BOXKX Ha npubope Shimadzu LC-20.

Pe3synbraTthl n nx obeyxaeHue. MpoBeaeHo nccrnefoBaHne coaepXXaHusa KpMonpoTekTopa — Tperanosbl uru-
Apara. YCTaHOBMEHO, YTO ONTMManbHbIM SBNSETCA CoAepXaHue Tperanosbl aurugpara 8 % (macc). lNposeaeHo nsyveHne
pexvMmoB nuodunusauny npogykta. NsydeHa temnepatypa BTopuyHOro Bbeicywmsanms ot 10 go 20 °C. Mpu Tem-
nepatype BTopuyHon cylkn 10 °C cogepxaHne ocTaToqHOW Briary coctaensano 5-8 %, 4To BbIXOAUNO 3a Lenesble
pamku. Mpu 20 °C copgepxaHue Boabl B nuocunuaarte cocrasnsano 0,5-0,8 %, noteps nHkancynsaumm — oo 20 %.
OnTMmManbHbIM ABASNCA peXxuM npu gocywmnsadmmn npy 15 °C, npyu 9ToM cogepkaHue OCTaToYHOWM BoAbl B NModu-
nusarte coctasuno 1,5-2,8 %, noteps nHkancynaumm coctasuna 13 %, pasmep NMNOCoM nocne nuogunusauumn m
perngpaTtaumm CyLLeCTBEHHO HE U3MEHSAIICS B CPaBHEHUUN C UCXOOHbIM.

BbiBoabl. B pesynbrate npoBeAeHHbIX UCCeqoBaHWI NOMyYeHbl NIeKapCTBEHHbIE CPeacTBa C MPUHOTEKAHOM.
VMccnenoBaHo cogepkaHue Tperanosbl gurnapara B KadecTBe kpuonpoTtekTopa B avanasoHe oT 4 o 10 %. NokasaHo,
4YTO ONTUMAanbHbLIM SIBNSIETCS COAepXaHue Tperanosbl gurnapata 8 % (Mac), Npy 3TOM CHIDKEHME MHKaNCynsumMm npu
nnodunmnsauum coctaenset 13 %. ViccnegoBaHbl pexymMbl nnocdunuaaumm J1IC ¢ MpyHOTEKAHOM NMpu Temnepartype
pocywmsanmna 10, 15, 20 °C. YcTaHOBMNEHO, YTO ONTUMarnbHOW ABNAETCs Temnepartypa gocywmsanus 15 °C.

Knrodeenble cnoea: nunocombi; XumMudeckull epadueHm; SKCmpy3usi 8bICOKO20 0as/ieHUsl; KpUOrmpomeKmop;
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nuogunbHas cywka

In the middle of the last century the basic princip-
les of lyophilization for water-containing foods were dis-
covered [1]. Over the following years, lyophilization
has found wide application not only in food technology,
but also in the manufacture of medicines [2]. At present,
lyophilization is the main way to preserve labile drug
products, including nanostructured forms and biological-
ly active substances [3, 4]. At the same time, along with
preservation of the structure and the biological activity,
the solubilization properties of the product, as well as
its ability to rapidly change from the state of the solid
lyophilized mass to the form of a solution or emulsion
when the solvent is added improve.

Liposomal forms of cytostatics are one of the re-
search objects for nanobiotechnology [5]. The main
drawback of conventional cytotoxic drugs such as solu-
tions and concentrates is their high toxicity on the body
as a whole. Liposomal carriers selectively act on the
organ that needs therapy due to EPR effect (enhanced
permeability and retention effect) and regeneration of
damaged biological membranes in the body by compo-
nents of the phospholipid membrane [6]. This leads to
decrease of toxicity in the cytostatic action, and can be
used both to improve the quality of life of the patient,
and to increase the dosage and improve the effective-
ness of chemotherapy. Very promising for chemotherapy
are drugs of the camptothecin group, in particular irinote-
can, and drugs of the group of platinum-containing com-
pounds, preferably oxaliplatin [7]. Liposomal forms of
these drugs will reduce toxicity and increase the effec-
tiveness of therapy.

Liposomal preparations are one of the objects of
scientific and practical research when developing the
lyophilization technology [8, 9]. In this case, the most
important technological criteria for lyophilization are the
type of a cryoprotector, the temperature of the secondary
drying, and duration of the whole process [10].

Fig. 1 is a schematic representation of a modern free-
zing drying apparatus. The main blocks are a chamber,
a condenser, a vacuum pump, a shelf refrigeration sys-
tem and a condenser refrigeration system. The product
to be lyophilized is placed in the chamber of the device.
With the help of the shelf cooling system the product
is frozen to (-40) °C. The condenser shelves are cooled
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Fig. 1. The schematic representation of the freezing
drying apparatus
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to a temperature of (-70) °C (-80) °C. The chamber is
sealed, and with the help of a vacuum pump through a
condenser a vacuum of about 0.03 mm Hg is created.
Based on the phase diagram of the water state below
the triple point (for pure water: 6.1 mbar at 0 °C, be-
low the eutectic point) there is only solid and gaseous
states exist [11]. The sublimation process is based on
this physical principle. When the shelves of the cham-
ber cool down, and the pressure decreases, sublimation
of ice in the product from the solid state to the gaseous
state takes place. At the same pressure the temperature
of the condenser shelves is lower than the shelves with
the product, and based on the water state diagram, wa-
ter at this temperature exists as ice. It causes crystalliza-
tion of water vapor on the shelves of the condenser. The
degree of the mass transfer of water and the speed of the
lyophilization process are regulated by the temperature
program of the shelves of the lyophilizer chamber.

The aim of the study is to optimize the content of
the cryoprotector in the liposomal irinotecan, and de-
velop lyophilization parameters to produce liposomes
with the maximum encapsulation of irinotecan in them,
alongside while maintaining the nanosizes.

Materials and methods

Egg phosphatidylcholine from Lipoid (Germany)
was used for preparation of liposomes. Cholesterol, cit-
ric 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 the residual pressure of 0.02 atm.
For homogenization the high pressure extrusion method
was used. The extrusion was carried out using a Micro-
fluidiser M-110P model from Microfluidics (USA) at
the pressure of 1500 atm. The size of liposomes was
determined at the temperature of 20 °C on a Zetasizer
Nano ZS from Malvern Instruments (UK). Ultrafiltration
for “chemical gradient” was carried out on a Minim2
model from PALL (USA). Lyophilization was carried out
in a Quarco device (PR China). The encapsulation de-
gree was determined on a Shimadzu LC-20 instrument

Table

Comparison of the encapsulation degree before and
after lyophilization when using different amounts of
trehalose dihydrate as a cryoprotector
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(Japan) by HPLC method developed earlier [11]. The
preparation was sterile filtered and bottled in aseptic
conditions in 50 ml sterile vials VAT050-2C manufac-
tured by Schott (Germany).

Liposomes with irinotecan were obtained using the
“chemical gradient” approach in its “pH gradient” modi-
fication. Lipids were placed in a round bottom flask in
the ratio of egg phosphatidylcholine/cholesterol — 80 : 20.
The sample was dissolved in a minimum volume of the
chloroform-anhydrous ethyl alcohol mixture until opales-
cence disappeared. The lipid film was prepared using a
rotary evaporator. The vacuum treatment was carried out
until a porous mass was obtained, and the odor of chloro-
form was disappeared. As an internal buffer, 0.2 M so-
lution of citric acid monohydrate with pH 1.9 was used.
Homogenization was carried out until the size of lipo-
somes of 80-120 nm was reached. To obtain the “chemi-
cal gradient” ultrafiltration cassettes with the upper cut-
off limit of 30 kD were used. As an external solution,
0.01 M phosphate buffer with the pH of 5.0 was used.
After ultrafiltration anhydrous irinotecan hydrochloride
was loaded up to its concentration of 2 mg/ml in a lipo-
somal emulsion. The liposome emulsion was thermo-
stated for 12 hours at room temperature [12, 13].

Results and discussion

Our preliminary screening experiments confirmed
by the literature data showed that trehalose was the op-
timal cryoprotector in lyophilization of liposomes [ 14,
15]. For the study the cryoprotector range was selected
from 4 to 10 %. Four samples of liposomes with irinote-
can with the total content of trehalose dihydrate of 4 %,
6 %, 8 %, 10 % (w/w) were prepared. The selection cri-
terion was preservation of the liposome sizes and the
degree of encapsulation of irinotecan in them after car-
rying out the lyophilization process. The data obtained
are presented in Table and Fig. 2.

From Table and Fig. 2 it is seen that the lowest loss
of encapsulation is observed when the content of tre-
halose dihydrate is 8 %. At the same time, the loss of
the encapsulation degree is 13 %. The smallest change
in size is observed at 8 % of the trehalose dihydrate cryo-
protector. The size increases from 110 nm before lyo-
philization to 115 nm after rehydration. Based on this
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Fig. 2. The loss of encapsulation with different content of trehalose
dihydrate. The upper graph is encapsulation prior to lyophilization;
the lower graph is the encapsulation after lyophilization
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the content of 8.0 % trehalose dihydrate was used in fur-
ther experiments.

One of the main factors affecting the lyophilization
mode of the preparation is the duration of the prima-
ry drying stage at which the bulk of water is removed
from the lyophilizate. In addition, the temperature of se-
condary drying, the so-called “final-drying” has a great
impact. In this case it is necessary to balance the final
temperature and the amount of residual water in the
preparation. It has been found that the water content in
the finished lyophilizate from 1 to 3% is optimal for the
liposomal irinotecan.

The effect of the secondary drying temperature on the
amount of residual moisture was studied. The experiment
was carried out at the temperatures of 10, 15 and 20 °C.
It was found that at the secondary drying temperature of
10 °C the residual moisture content was 5-8 %. It makes
this mode unacceptable for use in the technology. In the
case of the secondary drying temperature of 15 °C, the
residual water content was from 1.5 to 2.8 %, while the
loss of encapsulation was 13 %. In the case of the seconda-
ry drying at temperature of 20 °C, the amount of residual
moisture was from 0.5 to 0.8 % with the loss of the encap-
sulation degree more than 20 %. It may be due to “overdry-
ing” of the product, and the removal of water required for
preservation of the lipid bilayer structure. As a result, the
mode with the final drying at 15 °C was most preferable.

T T —
1400 1600 1800

A The temperature of the product during the process
Fig. 3. Lyophilization with the final drying at 15 °C

Fig. 3 shows the drying mode at 15 °C. The size of
liposomes did not change significantly when using the
mode presented.

It can be seen from Fig. 3 that the temperature of
the product within the 1200-th minute increases up to
the temperature of the shelves, which is the evidence
of completion of the primary drying, indicating the re-
moval of the bulk of water and the end of intense subli-
mation. In the 1400-th minute, at the secondary drying
stage, the product temperature approaches the tempera-
ture of the shelves. The temperature unchanging until
the 1740-th minute shows the absence of the sublima-
tion process even at 15 °C, and it is a strong confirma-
tion of the lyophilization process completion.

CONCLUSIONS

1. As a result of the studies, liposomes with irinote-
can have been obtained. The content of trehalose dihyd-
rate as a cryoprotector in the range of 4-10 % has been
studied. It has been shown that the optimum content of
trehalose dihydrate is 8 % (by wt); moreover, the en-
capsulation decrease in lyophilization is 13 %.

2. The modes of the liposomal irinotecan lyophili-
zation have been studied at the final drying temperature
of 10, 15 and 20 °C. It has been found that the optimum
final drying temperature is 15 °C.
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