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Liposomal drug delivery system is an example of the use of nanodrugs in medical practice.
Encapsulation of active pharmaceutical ingredients in liposomal nanoparticles allows increasing their
bioavailability and efficacy.

Aim. The article is devoted to the analysis of the lipid composition of liposomal drugs developed in
Ukraine, its influence on the choice of technology and control parameters.

Results. The lipid compositions of liposomal drugs developed in Ukraine in recent years were reviewed.
The advantages and disadvantages of natural phosphatidylcholine as the main membrane-forming lipid
were analyzed. Data on the influence of anionic phospholipids and cholesterol in the liposomal membrane
composition on the stability of liposomal nanoparticles and the level of active pharmaceutical ingredient
encapsulation were given. The main technological stages of obtaining liposomes with hydrophilic and
hydrophobic active pharmaceutical ingredients were considered. The main groups of quality indicators of
liposomal dosage forms have been determined.

Conclusions. The lipid composition determines the structure and physicochemical properties of the
lipid membrane, the mechanism and level of active pharmaceutical ingredient encapsulation, which
significantly influences the pharmacological efficacy of liposomal drug delivery systems.

Key words: nanobiotechnology; drug delivery system; liposomal drug; phospholipids; anionic
phospholipids; phosphatidylcholine; cholesterol.

Using drug delivery systems, the
pharmacokinetics of active pharmaceutical
ingredients (APIs) can be changed, and its
bioavailability and effectiveness can be
increased [1]. The development of liposomal
drugs (LS-drugs) is one of the promising areas
of modern nanopharmacology due to a number
of advantages of LSs [2-5]: they prolong
the action of encapsulated APIs in the body;
change the pharmacokinetics of drugs, that
significantly increases their pharmacological
efficacy; protect APIs from degradation;
protect healthy cells and pathological organs
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from the toxic effects of drugs; increase the
bioavailability of lipophilic APIs.

LS-drugs are the only real example of
the use of nanopreparations in medicine, for
example, in Ukraine LS-drugs are licensed for
use in cardiology, ophthalmology, oncology,
etc. [2, 6-9]. In addition, LSs show high
efficiency as adjuvants in vaccines.

LSs are colloidal spherical nanorange
particles formed by a phospholipid bilayer[10].
There are single-layer (unilamellar) vesicles
(ULVs), multilayer vesicles, which are divided
into oligolamellar (OLVs) and multilamellar
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(MLVs) vesicles, and multivesicular LSs
(MVLs). OLV and MLV contain 2-5 or more
than 5 concentric lipid bilayers. Unlike MLVs,
MVLs consist of hundreds of concentric water
compartments bounded by a single lipid bilayer
membrane. Depending on the particle size, ULVs
aredivided intosmall unilamellar vesicles (SUVs)
with a size of 30—-100 nm, large unilamellar
vesicles (LUVs) with a size of more than 100 nm,
and giant unilamellar vesicles (GUVs) with a size
of more than 1000 nm (Fig. 1).

The structure and efficacy of LSs depend
heavily on the lipid composition of the LS
membrane. The lipid composition determines
the particle size and stability, the level of
API encapsulation, and the methods of LS
preparation [11].

The aim of the work was to analyze the
lipid composition of LS-drugs developed in
Ukraine, to characterize the main functions
of lipids in the composition of LS-drugs,
to highlight the main control points in the
preparation of LSs.

Lipids in LS-drug

Most of commercial LS-drugs, which are
available on the market, are ULVs capable of
passive targeting and long-term circulation
in the body. In this article we focused on LS-

Fig. 1. Classification of liposomal nanoparticles
by size and number of lipid bilayer [10]

drugs, which were developed by us in Ukraine
in 1989-2021 (Table 1).

Analyzing the lipid composition of this
LS-drugs, the following components can be
identified: EPC, DPhG, DPPG, PhG, Phl, and
Chol (Fig. 2).

Table 1. LS-drugs, developed in Ukraine

Product name | Application area | API composition LS size, Llpl.d . Development Ref.
nm composition stage
Pulmonology,
Lipin® nephrology, EPC 80-140 EPC Licensed in 1991 | 2, 32
cardiology
Lipodox® Oncolog Doxorubicin | g4 190 | EpC, Chol |Licensed in 1998 229
y hydrochloride ’ 22
Lioliv® Hepatoprotector Antral 90-130 EPC Licensed in 2003 | 2, 27
. Cardiology, . _ Licensed in
Lipoflavon® ophthalmology Quercetin 130-160 EPC 2006,/2007 2, 26
LS irinotecan Oncology Irinotecap 80-120 EPC, Chol Preclinical trials |24, 25
hydrochloride
LS cytochrome C Cardiology Cytochrome C |120-170| EPC, DPPG |Preclinical trials| 12
. _ Laboratory 2,19,
Lipotax Oncology Docetaxel 120-150 | DPhG, EPC studies 95
Lipoplat Oncology Cisplatin 140-180 E;fé,célﬁ’ Clinical trials zéf ?
LS curcumin Antioxidant, Curcumin | 150-200| DPPG,EPC | Laboratory j,g 4,
cardioprotector studies
LS coenzyme Antioxidant, _ Laboratory
Q10 cardioprotector Coenzyme Q10 | 140-180| DPPG, EPC studies 2

Legend. EPC — egg phosphatidylcholine, DPhG — diphosphatidylglycerol, DPPG — dipalmitoylphosphati
dylglycerol, Chol — cholesterol, PhG — phosphatidylglycerol, Phl — phosphatidylinositol.

25




BIOTECHNOLOGIA ACTA, V. 15, No 5, 2022

Fig. 2. Structure of phospholipids

We used EPC as the main membrane-
forming lipid in LS-drug developing. The
advantage of natural EPC is the low cost of
production compared with semi-synthetic and
synthetic PCs, suchas DSPC, DPPC, DOPC, etc.
EPC is composed of a family of fatty acids, and
a wide range of fatty acid composition causes
a low standardization of the EPC. LysoPC
(1.0% ) and sphingomyelin (3.0% ) are detected
in the natural EPC, obtained according to the
previously developed technology [12], and the
purification of them leads to reducing the cost
of the product due to a significant decrease of
the product yield. Presumably, sphingomyelin
of the EPC can influence the stability of the
LS structure [13], especially in acidic medium
with pH 2.0-3.0 used in the preparation of
LSs by transmembrane pH gradient method
of hydrophilic APIs encapsulation, such as
doxorubicin hydrochloride or irinotecan
hydrochloride.

We used semi-synthetic DPPG in the
preparation of a number of LS-drugs, for
example, in the preparation of a complex
with cytochrome C. DPPG can interact with a
positively charged API, such as cytochrome C,
to form a stable complex. In addition, DPPG
has a negative charge and can prevent the
aggregation of LSs [14]. DPPG was also used
in the preparation of LS-drug with bilayer-
encapsulated lipophilic APIs, curcumin and
coenzyme Q10 (Table 1). The introduction of
anionic DPPG allowed not only to increase
the API incorporation (by 10—-15 %) into the

26

bilayer of the nanoparticle, but also to stabilize
LSs [15-17]. Using curcumin-containing LSs,
the pharmacological activity of the LS-drug
was confirmed, namely, cardioprotective and
antioxidant properties were shown. Based on
the high pharmacological activity of curcumin
[18—-20], the development of its hydrophilic
form in LS gives hope for using the product
in various pharmacological models. The use
of natural DPhG stabilized the structure of a
docetaxel-containing LSs [21, 22].

We used Chol as a component of a lipid
bilayer in preparation of LSs with hydrophilic
APIs, doxorubicin [23—-25] and irinotecan
[26, 27]. The encapsulation of Chol into the
LS bilayer facilitates the packing of fatty
acid chains and thereby forms and stabilizes
the lipid bilayer. Furthermore, Chol in
nanoparticles largely determines the rigidity
of the LS membrane, which can influence
the API encapsulation into the inner water
space of LSs and the subsequent release in the
organism. The Chol encapsulation into LS-
drugs containing irinotecan or doxorubicin
can stabilize APIs in acidic medium. In
addition, Chol was not used in LS-drugs with
lipophilic APIs, which are incorporated in
the lipid bilayer, for example, quercetin
in Lipoflavon® [2, 28] (used in cardiology,
ophthalmology, oncology), and antral in
Lioliv® (hepatoprotector) [2, 29, 30]. In our
opinion, lipophilic substances incorporated
in the LS bilayer can independently stabilize
the LS membrane and influence the membrane
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rigidity. Anumberofauthorshavealsoreported
the high pharmacological activity of quercetin-
containing LS-drugs [2, 31-33]. The influence
of the lipid composition on the LS structure
and the pharmacokinetics of anthracycline
antibiotics and 5-fluorouracil encapsulated
LS-drugs was studied [6]. The Chol increase in
LS composition leads to an increase in the size
of LSs and consequently to decrease in the API
encapsulation and complicate the sterilizing
filtration. The cumulative and prolonging
effect of aforementioned LS-drugs have been
established, and the distribution of anticancer
APIs in organs was shown.

Technological methods
for LS-drugs preparation

The lipid and API composition of LS-
drugs largely determines the technology
for producing products. The production
of developed LS-drugs has been discussed
in detail in our previous studies [2, 7, 27].
To prepare LS-drugs with lipophilic APIs,
we used the lipid film method followed by
high-pressure homogenization, sterilizing
filtration, and lyophilization. According to
this scheme, Lipin® [34, 35], Lipoflavon®
[28], Lyoliv® [29], Lipotax [22], and
Latanoprost [36] were prepared. LS-drugs with
hydrophilic APIs were prepared by lipid film
method, emulsion rehydration, high pressure
homogenization or sonication, transmembrane
pH gradient method, sterilizing filtration
and lyophilization. LS forms of doxorubicin
hydrochloride (Lipodox®) [24] and irinotecan
hydrochloride [26] were prepared in this
way. Non-encapsulated APIs were removed
using sterilizing filtration through a
cascade of membrane filters, centrifugation,
ultrafiltration or gel filtration. Sterilizing
filtration was applied in following stages:
preparation of sterile solutions of lipid
componentsinorganicsolvents,cryoprotectant
solutions and buffer solutions. In addition,
a number of stages were carried out under
aseptic conditions [2]. The lyophilization was
carried out using cryoprotectant solutions,
lactose or trehalose.

Ithasbeenestablished that physicochemical
characteristics of LS-drugs depend on a
number of factors in their obtaining: pressure
of homogenization, intensity of sonication,
process temperature, lipid concentration,
number of cycles, etc. Even minor deviations
from the established regulatory standards
result in changes in properties of LS samples.
At the same time, it is well known that the size

of LSs, their charge, and fatty acids oxidation
determine pharmacological properties of LS-
drugs, which is primarily associated with
altered pharmacokinetics in the organism.
The influence of lyophilization modes on the
stability of the physicochemical parameters
of LS-drug was shown. The properties of the
product are also affected by the structure and
properties of the API[2, 27].

Control of LS-drugs

The standardization and control of LS-
drugs containing different compositions
of lipids and APIs need to be considered.
LS-drugs were controlled in accordance
with international [38] and national [39,
40] requirements. We proceeded from the
definition of three groups of indicators [37]:
I —indicatorscharacterizing theidentification
and quantity of individual biologically active
components of the drug: API, lipids (EPC,
Chol, anionic phospholipids), cryoprotectant;
II — quality indicators characterizing the
dosage form of the drug (sterility, pH value,
abnormal toxicity, pyrogenicity (endotoxins));
IIT — indicators characterizing the properties
of LSs (encapsulation of API in LSs, size and
charge of LSs, etc.). Tests should control
those properties of the product, which are
subject to changes during the storage and may
affect the quality of the finished product, and
the methods of quantitative determination
should characterize the stability. The profile
of new products of degradation of the drug
components also need to be taken into account.
In this case, new products of degradation must
be identified. Thus, the limit concentrations of
impurities should be identified and indicated,
such as limit concentrations of lysoproducts
or free fatty acids for EPC, and limit
concentrations of impurities and degradation
products for API. When developing LS-
drugs, the identity of the qualitative and
quantitative compositions of the APIs and
lipid composition after freeze-drying and
subsequent rehydration were proved.

Conclusions

The main task of the LS drug delivery
system is to increase the bioavailability
and effectiveness of the API. The lipid
composition determines the structure and
physicochemical properties of the lipid
membrane, the mechanism and level of API
encapsulation into the LS nanoparticle, that
fundamentally impacts the pharmacological
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efficiency of this drug delivery system. The
LS-drug composition (both lipids and APIs)
has the greatest influence on the choice of
technological methods for obtaining LSs and
the main control indicators of the finished
product.
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JlimocomanbHi cUCTEMY JOCTAaBKU JIiKiB € IPUKJIAAOM 3aCTOCYBaHHA HAHOIPENapaTiB y MeIUUHi TpakK-
tuni. Iakancynania akTuBHUX (papMaleBTUYHUX IHTPEeieHTIB y JinocoMasbHI HAHOUACTUHKU 403BOJIAE
301JIBIIIUTHY X 610AOCTYIIHICTh Ta e(PEKTUBHICTD.

Mema. CraTTa IpucBsaUYeHa aHAJII3Y JiIiJHOTO CKJIaay pPo3po0ieHnX B Y KpaiHi JimocomMaabHUX IIpela-
pariB, oro BIJIMBY Ha BuOip TeXHOJIOriI ofep:KaHHs Ta KOHTPOJbHUX IIapaMeTpiB.

Pesyavmamu. PosrasauyTo ginigHuit cKJaj JimocoMaabHUX IIperapaTriB, po3pob/eHnX B YKpaiHa 3a
octaHHi poku. IIpoaHanizoBaHO mepeBaru Ta HENOJIKU IPUPOAHOTO (GocHaTUAUIXONIHY AK OCHOBHOTO
MeMOpaHoyTBOpOiouoro Jiminy. HaBemeni nani mono BuiuBy aHioHHUX (ocdorinifis Ta xosmecTepury y
CKJAaMi JimocoMasbHOI MeMOpaHU Ha CTAabiIbHICTD JIiTOCOMATbHUX HAHOUACTUHOK Ta CTYIIiHb iHKAICY ATl
aKTUBHOIO (hapMAaIlleBTUUYHOTO iHrpeaieHTy. PO3T/ISAHYTO OCHOBHI TeXHOJIOTIUHI eTanu ofep:KaHHS JiIOCOM
3 rigpo@inbHUME Ta TiAPOPOOHMMY AKTUBHUMU (papMalleBTUUYHNMHU iHTpefieHTaMu. BusHaueHo OCHOBHI
TPy MOKA3HUKIB AKOCTI JimocoMaabHUX JiKapChbKUX (DOPM.

Bucnosxu. JlinigHa KOMII0O3UIliA BU3HAYAE CTPYKTYPY Ta (hisuKo-ximiuHi BiacTuBOCTi JinigHol MeMO-
paHu, MexaHi3M Ta CTYIiHb IHKAICYJIAIlil aKTUBHOT'O (hapMaleBTUYHOI0 iHTPeieHTY, 1[0 CYTTEBO BILINBAE
Ha (hapMaKoJIOTiuHy e(hpeKTUBHICTD JIIIIOCOMAJIbHUX CHUCTEM JOCTAaBKM JIIKiB.

Knarouwosicnosa: Hanob6ioTeXHOJIOTiA, cCTEMA JOCTABKU JIIKiB, JIiTocoMaIbHUI ITpenapar, ¢pocdosrimigm,
aHioHHi Gochorinmiau, pochaTUINIXOIIIH, X0JIECTEPUH.
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