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NANOBIOTECHNOLOGICAL OBTAINING OF LIPOSOMAL FORMS OF ANTIOXIDANT
PREPARATIONS BASED ON BIOFLAVONOIDS

D. Pylypenko, V. Prokhorov, O. Dudnichenko, Y. Krasnopolsky

Binvwicms namonoziunux cmawuie cynpoeooxcyeEmucsa nepeKUcCHUM OKUCHEHHAM Ninidie i HaKONUYeHHAM npooy-
Kmig okcudamueno2o cmpecy. Biooma anmuoxcuoanmua 0is npupoOHux 2iopogoOHUX CHOLYK, MAKUX K Kep-
yemuH, YOixiHoH, KypKymin, eéimamin E ma in. Kpim moeo gioomo, wo yi 6ionoiuno akmueHi CnoayKu 0iloms Ha
pisHi nanku anmuokcuoanmnoi cucmemu. OOHaK, iIX GUKOpUCMAHHS Y CKIAOI NAPEeHMEpPaibHUX Npenapamie
VCKAAOHEHO, 8paxogytoyu ix eiopoghobuicme. [nsa niosuwenns 6io0ocmynnocmi 1inoQiitbHuUxX aHMUOKCUOAHMIS §
CMBOPEHHS IX 6000PO3YUHHOL POPMU BUKOPUCTOBYIOMb HAHOYACTNUHKY, HANPUKAAO, TINOCOMU.

Memoro pobomu € po3poOKa NiNOCOMATLHO2O NPenapamy 3 COIHKANCYIAYIEN 080X 2i0pOpOOHUX AHMUOKCUOA-
HMIG, a came KypKYMIHy ma KeepyemuHy.

Memoou. Ilpu po3pobyi 6UKOpUCHOBY8AIUC MEXHOAOSIYHI MemMOoOU OMPUMAHHS TINOCOM MA AHANIMUYHI (i3u-
Ko-ximiuni, xpomamoepagiuni (BEPX, TIIIX, 'PX), memoou susHauenHs posmipy yacmok, pH.

Pesynomamu. B pesynvmami npogedeno2o 00CHiONceH s 3anPONOHOBAHO CKAAO | MEXHON02I0 00epHCAHH NiNno-
COMANBHOT (hopmu KYpKYMIHY ma 11020 KOMNO3UYIL 3 KeEpYUemuHOM. BUgueno 6niue JCUpHo-KUCIOMHO20 CKAAOY
Ninioie, cnigiOHOWEeHHs «iNni0: Jitoyua peyosunay ma MmexHoI02iYHUX YMO8 HA YIMBOPEHHS NiIN0COM Md CIMYNiHb
IHKancyIayii akmueHoeo apmayeemuynozo inepedienma. Bueueno sanedcnicmos po3mipis HaHOYACMUHOK G0
SHAYEHHs1 MUCKY [ KIIbKOCMI Yukiie 2omozeHizayii. Ompumano nio@inizoeanuii npooyKm 3i CyneHem 6KIOUeH-
Hs 2iopogpobnux anmuoxcuoanmie ne menuwe 85 %. Ilposedeno eusuenmsi Pizuko-XimMiunux eracmueocmet
OMPUMAHUX 3PA3KIE.

Bucnogxu. 3anpononosano mexmonoziuny cxemy 00epiCanHi KOMIIEKCHO20 NPenapamy, wo Micmums KypKy-
MIH [ K8EpYEemuH, Wo 6KII0HAE OMPUMAHHSA TINIOHOT NIi6KU, 2I0pamayilo KOMROHEHMIB, 20MO2EHI3AYII BUCOKO2O
mucky, cmepunizyroyy inempayiro i rioginizayiro

Kntrouosi cnosa: 2iopogobni anmuoxcuoanmu, 6ioghraeanoiou, KypKyMiH, Keepyemut, HaHoOIOMexXHOI02IsA, Ti-

nocomu, Memoo 00epPIHCAHHS TINOCOM
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1. Introduction

The creation of nanosized drugs leads to qualita-
tive changes in the physicochemical and pharmacological
properties of medicinal substances, that allows to create a
new generation of drugs based on liposomal (LS)
nanosystems. Liposomes have several advantages: they
increase the bioavailability of lipophilic active pharma-
ceutical ingredients (API), prolong the therapeutic effect
of drugs, protect biological membranes from peroxida-
tion, etc. Cardiological, ophthalmic, pulmonological and
many other diseases are accompanied by lipid peroxida-
tion of biological membranes. Currently, many studies
are focused on creating drugs containing antioxidants of
various structures.

Of particular interest are APIs — bioflavonoids
(BF), inter alia, quercetin (Quer) and curcumin (Cur),
which have high antioxidant activity (AOA) [1]. Both
products are plant lipophilic compounds and their use is
limited by extremely low bioavailability. An alternative
method of creating water-soluble forms of these APIs is
to encapsulate them into LS [2, 3]. A significant number
of studies have been devoted to the use of LS forms of
BFs (Quer, Cur, etc.), confirming their antioxidant, anti-
tumor and anti-inflammatory activity [4, 5]. BFs play an
important role in studies of ophthalmic diseases [6]. The
possibility of using LS forms of BFs for the prevention

and treatment of a number of eye diseases has been es-
tablished [7]. In our opinion, the use of LS forms of BFs
is a promising drug delivery strategy for a number of
diseases. The creation of LS forms of APIs based on
lipophilic compounds can expand the arsenal of drugs,
increase their bioavailability and, as a result, pharmaco-
logical action [8]. Our studies have been devoted to the
development of LS forms of drugs and the study of their
pharmacological properties over a number of years [9].

According to AOA, Quer is one of the known an-
tioxidants that limit the processes of chain reactions of
free radical oxidation, preventing excessive oxidation of
lipids, proteins and nucleic acids, which protect cell
membranes from damage by oxidants. Quer has angio-
protective, antioxidant, anti-inflammatory, wound heal-
ing and antiviral effects. Currently, the world's first LS
form of Quer ("Lipoflavon") is used in clinical practice
in Ukraine. “Lipoflavon” is applied in cardiology, on-
cology, ophthalmology, type 1 and type 2 diabetes,
psoriasis, pulmonology, renal failure, nephrotoxicity,
dentistry [10].

An antioxidant, successfully used in oncology,
ophthalmology, cardiology and other pathologies, is Cur,
with respect to which extensive evidence has been accu-
mulated and there is a long-term global experience of
observing patients taking per os Cur, confirming its safe-
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ty and efficacy [11, 12]. Cur is a pleiotropic substance
and acts in the body in different directions, exhibiting
antioxidant, anti-inflammatory, antitumor properties, etc
[13, 14]. It should be noted that the mechanism of action
of Cur is now under discussion.

Considering the high AOA of Cur and Quer and
their effect on different parts of the antioxidant system,
the development of LS complex antioxidant preparation
(CAP) and the study of oxidative stress markers on mod-
el pathologies is promising [15, 16]. Earlier, researches
aimed at creating LS forms of Quer and coenzyme Q,
obtaining their complex preparation with subsequent
study of oxidative stress markers on model pathologies
have been carried out [17].

The aims of the study were to create LS form of
Cur and CAP, containing two antioxidant (Cur and

Quer).

2. Planning (methodology) of research

The design of the experiment was conducted tak-
ing into account the high AOA of natural BF, the use of
which is limited by their low solubility and bioavailabil-
ity. The encapsulation of BFs into LS membrane allows
creating a water-soluble injectable form. The research
was carried out according to the following plan:

—study of the conditions of the encapsulation of
APIs into LS;

— study of the dependence of the antioxidants en-
capsulation on the composition of lipid membrane, its
charge and technological parameters;

— development of the method for obtaining of LS
form of Cur and CAP, containing at least two hydropho-
bic antioxidants;

—study of the physicochemical properties of
monopreparations and CAP.

3. Materials and methods

The researchers used Quer (C;sH1,0;) manufac-
tured by PVP Sociedate Anonima (Brazil) and a highly
purified curcuminoid complex obtained according to the
developed scheme [18]. Curcuminoids are represented in
the used product by diferulomethane (Cur I — C,;H(Oy)
at least 70-75 %, demethoxycurcumin (Cur II —
CyH30s) and bisdemethoxycurcumin (Cur III -
Ci9H;604) — both fractions 25-30 %. Based on literature
data [14], the minor components of curcuminoids can
have both antioxidant and anti-inflammatory properties,
we used Cur (I, I, III), containing three BF components
in the indicated proportions to obtain the LS form. For
preparation of LS were purchased phospholipids (PL):
phosphatidylcholine of sunflower (SFPC) manufactured
by Bioler (Ukraine), egg (EPC), soybean (SPC) and
dipalmitoylphosphatidylglycerol (DPHG) - Lipoid
(Germany); lactose — Sigma Aldrich; PBS — KH,PO,,
Na,HPO,. The standards of PC and lysophosphatidylcho-
line (lysoPC) manufactured by Sigma Aldrich were used
for analytical studies.

Obtaining of liposomes. Considering the lipo-
philicity of Cur, LS form of it was obtained by lipid film
method followed by the hydration with PBS. The result-
ing emulsion of multilamellar vesicles was extruded on a
Microfluidizer extruder (Microfluidics, USA) to obtain
monolamellar LS with a size of 150—220 nm. The result-
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ing emulsion was subjected to sterile filtration through a
cascade of PALL Suppor filters (USA). In developing
technology of LS trehalose or lactose were used as cryo-
protectants. LS form of Quer was obtained on a previous-
ly developed technological platform [19]. The CAP was
obtained at ratio of antioxidants 1: 1. The emulsion of the
CAP was placed in 20 ml vials and lyophilized (Martin
Christ 2-6-D) in the presence of a cryoprotectant.

Analytical studies. The HPLC and TLC methods
were used for qualitative and quantitative analysis of Cur
and Quer.

HPLC analysis of Cur was performed using a
Shimadzu Prominence LC-20 chromatograph with a
SPD-M20A diode array detector, a Shim-pack GISS C18
column (5 um, 250x4.6 mm), a column thermostat CTO-
20AC, a column temperature of 30 °C; a mobile phase of
water for chromatography: acetonitrile (54:46), glacial
acetic acid (pH 3.0 £ 0.05); detection at a wavelength of
427 nm. Sample volumes were 2—10 pl.

HPLC analysis of Quer was performed in isocratic
mode on a Shimadzu LC 20 chromatograph with a chro-
matographic column (250x4.6 mm) filled with a L1
sorbent with particle size of 5 um Waters Xbridge; a
mobile phase of methanol: water: phosphoric acid
(100:100:1); a flow rate of the mobile phase 1 ml/min;
detection at a wavelength of 255 nm; a column tempera-
ture of 30 °C. Sample volume was 20 pl. The average
retention time of Quer was 38 + 0.5 minutes, which cor-
responds to the retention time of the standard Quer sam-
ple. Impurities Quer (kempferol, isoramnetin) were not
more than 2.0 %, which corresponds to the data specified
by the manufacturer.

TLC was performed on plates on an aluminum
substrate manufactured by Sigma Aldrich with chloro-
form: methanol (98:2) as mobile phase.

The presence of residual solvents in LS was de-
termined by GLC on a Shimadzu GC-2014 ATF/SPL gas
chromatograph with AOS-6000 universal autosampler, a
column SH-Rtx-624 MS (30 m, 0.32 mm, 5 mkm); an
input method — Static Head Space; a sample temperature
of 100 °C; a pre-temperature control with shaking for
15 min; a syringe temperature of 120 °C; an injector
temperature of 200 °C; a detector temperature of 300 °C;
a carrier gas — helium; a gas velocity — 35 cm/sec.; a flow
rate — 2.16 ml/min; DMF as a solvent; a volume of the
injection — 0.5 ml.

The size of LS was measured on a Malvern
Zetasizer Nano ZS nanosizer (UK) using a semiconduc-
tor laser at a wavelength of 375 nm and a temperature
of 30 °C.

The oxidation index was determined by UV spec-
trophotometry at a wavelength of 210 and 233 nm.

The determination of the statistical reliability of
the experimental results and the suitability of chromato-
graphic systems ware carried out in accordance with the
State Pharmacopoeia of Ukraine 2.0.

4. Results

Initially, the conditions for drug encapsulation in-
to LS were studied. Encapsulation of API into LS is one
of the most important steps in obtaining LS drugs. To
encapsulate Cur into LS we used the lipid film method
taking into account its hydrophobicity. The lipid film
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method allows one to obtain LS drugs mainly with lipo-
philic APIs [13]. The principle of the method is to obtain
a solution of lipids and lipophilic API in organic sol-
vents, followed by the formation of a film containing
lipids and API. Since Cur is a lipophilic compound, an
organic solvent is used to dissolve it, which meets the
necessary requirements: complete dissolution of Cur and
PC, the absence of solvent influence on the structure of
the substance, the possibility of use under industrial con-
ditions and the absence of toxic products in the solvent.
In this regard, ethanol, chloroform, methanol and mix-
tures thereof have been studied. A series of experiments
showed that the optimal solvent for these active ingredi-
ents is ethanol 96 %. We have compared three types of
PC in the formation of aqueous emulsions. We used three
natural PCs to obtain Ls: SPC, EPC and SFPC. First of
all, we took into account the level of oxidation of fatty
acids, that were estimated by the value of the oxidation
index. EPC, SPC and SFPC had oxidation indices of
0.23-0.25, at least 0.4 and 0.48-0.5, respectively. It
should also be noted that SFPC had an extremely low
solubility in alcohols, which limits its use in a lipid film
obtaining. It was found that EPC has maximum solubility
in ethanol and forms a homogeneous emulsion in the
aqueous medium, while SPC and SFPC have low solubil-
ity in ethanol and form unstable emulsions in the aqueous
medium. Apparently, the differences between various
PCs are related to their fatty acid composition. Cur was
dissolved in ethanol and mixed with ethanol PC solution.
The ethanol solution was filtered through 0.2 pm filters.
Solutions were prepared in various ratios and concentra-
tions: Cur:lipids (1:10 — 1:40). The solution was concen-
trated on a Buchi rotary evaporator at a water bath tem-
perature of 41+1.0 °C, at a pressure of 1415 bar and
rotor speed of 45 rpm. The resulting lipid film containing
lipids and Cur was treated with nitrogen for 30 minutes
and hydrated in a buffer solution containing sugar stabi-
lizers for 2 hours to obtain multilamellar vesicles. In
obtained vesicles we investigated the effects of a number
of factors affecting their stability and size: temperature
(from 30 to 45 °C), pH (from 5.5 to 7.5), as well as the
ionic strength of the buffer, lipid concentration and ratio
“lipid : API”. The size of the resulting vesicles was also
determined by the intensity and time of mixing. To pre-
vent lipid oxidation processes, the resulting emulsion
was saturated with nitrogen.

As a result of the experiments, it was established
that Cur and PLs used for lipid film obtaining are com-
pletely soluble in ethanol. In this case, a homogeneous
film is formed and suspended in aqueous solvent. The
optimal pH value is 6.5-7.0, that enables to obtain a
homogeneous emulsion with a vesicle size from 2.5 um
to 3 um. The use of solutions with other pH values leads
to the heterogeneity of the emulsion, making it difficult
for dispersion of the emulsion in the homogenizer fur-
ther. Saturation of the emulsion with an inert gas or ni-
trogen maintains the lipid oxidation index (0.28-0.32)
within the original PC index — about 0.25-0.27. We
found that the optimum content of curcumin in the prod-
uct is about 3 % relative to the PC component. An in-
crease in Cur content in the samples led to its incomplete
encapsulation into LS.

LS was obtained by high-pressure homogeniza-
tion at various pressure value. Initially, homogenization
was carried out at 500 bar (3 cycles) and in the next place
at 800 bar (5 cycles). When studying the dynamics of the
formation of LS and encapsulation of Cur, it was found
that at the 1st and 2nd cycle (500 bar) the particle size
was more than 350 nm, at the 3rd cycle the main amount
of LS was represented by a size of 180-220 nm, with
particles larger than 1 pm (2 %). A further transition to
800 bar led to the formation of LS, the bulk of which
corresponded to sizes 140—-160 nm at 4th and 5th cycles,
130-150 nm — at 6th and 7th cycles. Further homogeni-
zation at the indicated conditions (8th cycle) did not lead
to a change in LS size. The encapsulation of Cur into LS
was 85-90 %. At the same time, it was found that ho-
mogenization at 9-10 cycles not only leads to increase
the LS size, but also to decrease the encapsulation of Cur
to 75-80 %. The next step was sterile filtration through
0.2 um filter in order to remove non-encapsulated Cur
and obtain sterile samples. However, the process of ster-
ile filtration was quite slow. According to literary sources
and the data obtained earlier in the development of LS
forms of APIs, it was established that encapsulation of
anionic PL (cardiolipin, phosphatidylinositol, DPPG)
into the LS bilayer significantly increases the filtration
efficiency and the level of encapsulation of drug sub-
stances into LS [13]. We used DPPG in various concen-
trations: from 5 to 12 %. Considering the introduction of
DPPG into the composition, we changed the solvent: a
mixture of ethanol and chloroform. The introduction of
DPPG in LS in amount of 10 % led to the sterile filtra-
tion efficiency, while the level of encapsulated Cur has
not changed. The oxidation index of LS obtained by the
developed method has not exceed 0.28-0.33 (the initial
oxidation index of PC is not more than 0.25). Consider-
ing that organic solvents (hexane, ethanol and chloro-
form) are used in obtaining PLs, Cur and lipid films, the
residual solvents were determined in LS samples in ac-
cordance with requirements of the State Pharmacopoeia
of Ukraine. Hexane, chloroform and ethanol were absent
in LS samples. The suggested technological conditions
make it possible to obtain LS form of Cur with standard
composition, the bulk of which after sterile filtration
through 0.2 pm filter is represented by nanoparticles of
130-140 nm — not less than 75 %, the rest — 20.0—
25.0 nm. By HPLC method, it was found that Cur is
stable during homogenization of the lipid emulsion as
evidenced by the absence of an increase in the impurities
and a decrease in the amount of Cur after treatment at a
temperature of 37—43 °C and a pressure value of 800 bar.
In addition, the amount of PC hydrolysis products in LS,
for example, lysoPC, practically have not increased. By
TLC method, it was shown that the amount of lysoPC in
the samples after the fifth cycle of homogenization at
800 bar did not exceed 0.6-0.65 % (with the content of
lysoPC in the initial PC of 0.55-0.6 %). When studying
the fractional composition of the obtained LS samples by
HPLC, it was demonstrated that the samples contain
diferulomethane — at least 70 % (retention time
14.605+0.002), dimethoxycurcumin and bisdemetoxicur-
cumin — no more than 30.0 % (retention time
13.584+0.002 and 12.630+0.002 respectively).
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LS form of Quer was obtained according to the
developed technique [19]. To obtain the CAP the lipid
film method, high-pressure homogenization and steriliz-
ing filtration were used. The characteristics of the ob-
tained products are shown in Table 1.

The CAP has been used in the study of oxidative
stress markers on model pathologies when compared
with single APIs in the LS form. Received data will be
presented in following reports.

Table 1
The characterization of CAP containing Cur and Quer and their monopreparation
Name of Content | Content Content | Content of Encapsulation of | Size of LS before Size of LS gfter
of API, of PC, DPPG, lactose, . o e lyophilisation,
sample APl into LS, % | lyophilisation, nm
mg/ml mg/ml mg/ml mg/ml nm
LS-Cur 0.785 28.0 2.8 42.0 at least 85 130-150 200-280
LS-Quer 0.75 27.5 - 42.0 at least 90 160-180 180-220
at least 85 and
LS-Cur 0.38/ 27.5 1.4 42.0 at least 90, 160-200 240-300
+Quer 0.35 .
respectively

5. Discussion

Researches aimed at the creation of LS forms of
antioxidants are actively carried out. These works are
focused on two directions: the creation of LS prepara-
tions containing Cur [5, 12] or Quer [4, 20] and the crea-
tion of combination of these compounds with other known
natural or synthetic antioxidants [15-17]. We consider the
use of LS forms containing a complex of antioxidants
allows us to expand the arsenal of drugs due to the syner-
gism, high antioxidant activity and bioavailability of lipo-
philic compounds for intravenous injection. The LS prepa-
rations are produced using various technological methods
of obtaining and APIs encapsulation into LS: lipid film
method, hydration, sonication, high pressure homogeniza-
tion. The sizes of LS varied from 80 to 300 nm and the
level of encapsulation was from 50 to 80 % depending on
the method of obtaining. Therefore, for example, complex
LS preparation with Cur and vitamin D3 had higher anti-
oxidant activity, then monopreparation [16]. A number of
authors obtained LS with Cur, encapsulated in bilayer, and
ascorbic acid and superoxide dismutase, encapsulated in
aqueous phase [21]. The resulting product had high phar-
macological activity. A lyophilized complex LS prepara-
tion, containing Quer and coenzyme Qo was studied [17].
In our opinion, discovered synergistic effect of these two
compounds is related to acting on different parts of the
antioxidant system. Of interest is the work that shows high
antioxidant effect of complex of two polyphenols — quer-
cetin and gallate-epigallocatechin isolated from green tea,
encapsulated in LS [15]. Considering that we have not
found data on the complex use of Cur and Quer in LS
form, the research was focused on the obtaining of compo-
sition of these bioflavonoids.

After the research was conducted, the formulation
and technology for obtaining of LS form of hydrophobic
antioxidants, namely, Cur and its composition with Quer,
were offered. The effect of lipid composition on the
encapsulation of APIs into LS was investigated. It was
found that the maximum encapsulation of APIs into LS is
observed when using natural EPC in combination with
anionic synthetic PL — DPPG. It was shown that the
introduction of charged lipids in lipid membrane, name-
ly, long-chain anionic lipids, leads to increasing the
space between the layers of LS. Apparently, an increase
the interlamellar space of nanoparticle membrane results
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in increase in the encapsulation of Cur into LS. In addi-
tion, a change in the structure of LS with DPPG leads to
stabilization of lipid membrane. The introduction of anion-
ic PL also allowed to increase the efficiency of the techno-
logical operation — sterile filtration. As a method for LS
obtaining, we used high pressure homogenization. It was
found that LS with a particle size of 130-150 nm can be
obtained with homogenization a 500 bar (3 cycles) and at
800 bar (4 cycles). At the same time, it was shown that an
increase in processing time leads to a change in size and a
decrease in the level of encapsulation of the API. The
optimal technological parameters were established: pH,
temperature, ratio of components, etc. The lyophilized
products with encapsulation of APIs at least 85 % were
obtained. It was established that the size of LS after lyoph-
ilization increased, while remaining in the nanoscale
(Tab. 1). High value of IPD (0.505) of CAP attracts atten-
tion. In our opinion, a high IPD may be related to the pres-
ence of two components (Cur and Quer) in the CAP. In
addition, this dispersion value may be because curcumi-
noids are represented by three compounds: diferulome-
thane, demethoxycurcumin and bisdemetoxicurcumin.
Thus, in the resulting CAP there are four fractions of poly-
phenols that differ in structure and physicochemical prop-
erties. The indicated sizes of nanoparticles both in mono-
preparations and in CAP allow the use of them for intrave-
nous injection. We consider the presented LS product as a
promising delivery of antioxidants.

6. Conclusions

The dependence of the encapsulation of Cur into
LS on the fatty acid composition, lipid charge and condi-
tions of homogenization was studied.

The technological scheme for obtaining of CAP
containing Cur and Quer, involving the obtaining of lipid
film, hydration with PBS, high-pressure homogenization,
separation of unencapsulated APIs and lyophilization
was proposed.

The physicochemical properties of the obtained
products were investigated: size of LS, level of APIs
encapsulation, quantitative content of components and
their impurities.
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