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Abstract

The creation of combined nanomedicines and their controlled release under the influence of photoinduction is an actively developing branch of
scientific research. This work is devoted to the development of models of solid lipid nanoparticles for a well-known antitumor drug - gefitinib in
combination with a photoindicating agent - a photosensitizer from the phthalocyanine group. Nanoparticles were obtained by several methods:
hot homogenization with stearic acid, sesame oil and Tween 80 and by one-step dispersion with copolymers of lactic and glycolic acids and poly-
vinyl alcohol. In vitro experiments when irradiating particles with a laser in the near-infrared range (about 730 nm) proved the advantage of using
combined nanoparticles with gefitinib and a photosensitizer compared to monotherapy, while the activity in terms of IC, | was 5.1-8.7 times higher
for gefitinib and 1.5-1.8 times for the photosensitizer.
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BJIMAHUE COCTABA KOMBUHUPOBAHHbIX

TBEPOLIX JIMMNOHbIX HACTHL, C TEPUTUHNBOM

N POTOCEHCHBUJTUSATOPOM HA UX PASMEP,
CTABUJIBHOCTb U ULUTOTOKCHYHECKYHO AKTUBHOCTb
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Pesiome

Co3paHune KOMOMHMPOBaHHBIX HAHOMPEMNAPATOB U X KOHTPONMpPYEMOEe BbICBOOOXAEHME Nof BO3AeNCTBrEM GpOTONHAY KL akTUBHO Pa3Bu-
BaOLLAsACA OTPAC/Ib HAYUHbIX MCCefoBaHMi. [laHHas paboTa noceslleHa pa3paboTke Mogenei TBepAblX TMMUAHbIX HAHOUYACTUL AN U3BECT-
HOro MPOTUBOOMYXONEBOro Npenaparta — redpuTrHNGa B KOMOMHaLMW C GOTOMHANLMPYIOMM areHTOM — $OTOCEHCUOUNMN3ATOP M3 FPYMMbl
¢dTanouraHMHoB. HaHouYacTMLbl NOJTyYanu HECKONbKMMI METOAAMU: ropAYeli rOMOreHV3aunen Co CTeapHOBOW KUCIOTON, KyHXKYTHbIM
Macsiom 1 TBMHOM 80 1 NyTeM OAHOCTAAUAHOIO ANCMEPrUPOBAHMA C COMONMMEPAaMU MOMIOYHON U MIMKOIEBOW KACIOT 1 MONMBUHUIOBLIM
cnupToM. B onbiTax in vitro npv o6nyyYeHUr YacTuL, 1a3epom B 61IMKHEM MHPPaKpacHOM AranasoHe (0Kosio 730 HM) 6bino AoKasaHo Npermy-
LLeCTBO MPUMEHEHNA KOMOUHMPOBAHHbIX HAHOYACTULL C repUTUHNOOMU GOTOCEHCMOMIN3AaTOPOM MO CPABHEHUIO C MOHOTEPaNWen, Npy STOM
AKTMBHOCTb MO nokasatenio VK, 6bina ebiwe B 5,1-8,7 pa3 ana reputnHmnba v B 1,5-1,8 pas ana potoceHcnbunmsatopa.

KnioueBble cnoBa: TBepAble IMMUAHbBIE HAHOYACTULIbI, AIOMUHWA GTanoLunaHuH, repuTUHNG, in vitro, pOTOMHAYLIMPOBAHHAA aKTUBHOCTb
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BnusaHue coctaBa KOMOUHMPOBAHHBIX TBEPAbIX IMMUAHbBIX YacTuL, € reGUTUHMOOM 1 GOTOCEHCMOMIM3AaTOPOM Ha UX pa3mep, CTabUIbHOCTb
1 LMTOTOKCUYECKYI0 akTUBHOCTb // Biomedical Photonics. - 2024. - T. 13, N2 2. — C. 19-25. doi: 10.24931/2413-9432-2024-13-2-19-25.

BIOMEDICAL PHOTONICS T. 13, N22/2024

ORIGINAL ARTICLES

19



V9]
-
O
}_
(2’4
<
<
<
O,
&
O

Nikolaeva L.L., Sanarova E.V., Kolpaksidi A.P., Shcheglov S.D., Rudakova A.A., Baryshnikova M.A., Lantsova A.V.
Effect of the composition of combined solid lipid particles with gefitinib
and a photosensitizer on their size, stability and cytotoxic activity

Introduction

After the discovery of the first tyrosine kinase inhibi-
tor (TKI), imatinib, studies on the synthesis of various
substances with a similar mechanism of action followed.
Most TKls are antitumor agents, and some are used as
anti-inflammatory agents. However, in the process of
studying TKls, it was found that despite their efficacy,
these compounds are hepatotoxic, extensively metab-
olized and have limited bioavailability, and resistance
develops rapidly when administered. These negative
aspects can be mitigated by developing new generations
of TKls or by creating the most effective and safe dosage
forms (DF), including selective action [1]. In addition, the
activity of TKls can be increased by using in combination
with other antitumor drugs.

Various nano- and microstructures, including hybrid
ones [2], have shown great potential for the develop-
ment of biomarkers and chemotherapeutic agents due
to their multifunctional adjustability and biocompat-
ibility [3, 4]. One of the promising areas of development
of antitumor therapy is the creation of nanosystems
with controlled discharge. For example, photoinduced
discharge, due to the inclusion of a photosensitizer (PS)
in the nanocarrier, which is activated when exposed to
light with a wavelength absorbed by this PS, can lead
to the release of a chemotherapeutic agent, exerting
a combined effect on the tumor. The most preferable
approach to the development of such nanostructures
is to use a PS with radiation in the near IR range of 700-
850 nm as a photoinducer, which has the greatest abil-
ity to penetrate into biological tissues and needs low
intensity below 30 mW/cm? [5].

The aim of this study was to develop a nanosys-
tem based on solid lipid nanoparticles (SLN) with
the chemotherapeutic agent gefitinib (GFT) and
aluminum phthalocyanine (APhC) PS. GFT is a TKI
and is widely used in the treatment of lung can-
cer both as monotherapy and in combination with
other agents. GFT is poorly soluble in water, and
therefore is used in clinical practice in the form of
tablets, due to which it has insufficiently high bio-
availability. This problem can be solved by devel-
oping a DF with GFT in the form of nanoparticles,
ensuring the delivery of the drug to the tumor due
to its nanosize, the effect of increased permeabil-
ity and retention (EPR) based on tumor neovascu-
larization [6], and controlled release of GFT from
nanoparticles under photoexposure.

Materials and Methods

Materials

GFT (MSN Laboratories Private Limited), APhC
(Merck Life Science LLC), stearic acid (SA, Himedia),
sesame oil (SO, Merck Life Science LLC), Tween 80
(Montanox 80, Seppic), phosphatidylcholine S 100,

SPC (PhC, Lipoid), copolymer of lactic and glycolic
acids Purasorb PDLG 5010 (CPLG, Corbion), chitosan
extra pure (Ch, Sisco Research Laboratories), poly-
vinyl alcohol hydrolyzed 88% (PVA, Acros Organics),
sucrose, pure for analysis, trehalose dihydrate, extra
pure, mannitol, pure for analysis (Himmed), chloro-
form, chemically pure (Vekton).

Equipment

Laboratory scale DL-120 (AND), analytical scale
OHAUS Analytical Plus AP 100S (OHAUS Corporation),
magnetic stirrer IKA® C-MAG HS 4 (IKA Werke GmbH &
Co KG), vacuum pump Biichi V-700 (BUCHI Labortechnik
AG), immersion homogenizer Polytron PT 1200 E (Kine-
matica), ultrasonic homogenizer Bandelin Sonopuls HD
2070 (Bandelin), freeze-dryer Edwards Minifast DO.2
(Ero Electronic SpA), pH meter HANNA pH 2211 (Hanna
Instruments), spectrophotometer Cary 100 (Agilent
Technologies).

Methods for obtaining model combinations

1) By hot homogenization [7] using SA and SO as the
lipid phase and Tween 80 as the aqueous phase in
various ratios (SLN-1). The preparation of the com-
positions began with melting SA at 70-100°C on a
magnetic stirrer, then SO was added by weight and
GFT and APhC were dissolved in the resulting mix-
ture with stirring (300 rpm) and constant heating. A
glass with the resulting composite was dispersed on
an immersion homogenizer with the gradual addi-
tion of an aqueous solution of Tween 80 for 1 hour.
The resulting particles were ground on an ultrasonic
disperser and filtered under pressure. The scheme for
producing is shown in Fig. 1.

2) By the method of one-stage dispersion [8, 9] with
CPLG and PhC under vacuum, where chloroform was
used as the organic phase, and a 1-2% solution of
PVA with or without chitosan (SLN-2) as the aqueous
phase. The method for obtaining particles involved
prolonged mixing (for 24-32 h) of a chloroform solu-
tion of GFT and APhC and an aqueous solution of
PVA and chitosan under vacuum. After evaporation
of chloroform, the resulting dispersion was crushed
and filtered under pressure. The scheme of obtain-
ing SLN-2 models is shown in Fig. 2.

The particles were ground using a combination of
homogenization (5,000 rpm, 60 min) and ultrasonic
dispersion (5 min, 60%). To increase the shelf life of the
nanoparticles, lyophilization was performed using the
method [10].

Quality control of all obtained SLNs was carried out
by measuring the quantitative content, pH, particle size,
(-potential [10, 11] and studying the stability during
storage. Analysis of the quantitative content of GFT and
APhC in SLNs was carried out spectrophotometrically at
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Fig. 2. Scheme for producing SLN-1 models by hot homogenization.

wavelengths of 338+3 nm and 717+3 nm, for GFT and
APNC, respectively.

Cytotoxic activity

The study of the cytotoxic activity of SLN included
the study of dark and photoinduced cytotoxicity on the
lung carcinoma cell line A549 obtained from the Cell
Line Bank of the N.N. Blokhin National Medical Research
Center of Oncology of the Ministry of Health of the Rus-
sian Federation. The cell lines were cultured using the
standard technique [12]. The MTT test was carried out
using the routine method [13], irradiation was carried
out 24 hours after the drug administration for 20 min-
utes with a LED source with a wavelength of 730 nm,
then the cells were incubated for 24 hours.

Statistical processing was performed using standard
Microsoft Excel 2007 packages and GraphPad Prism soft-
ware (GraphPad Software Inc.). Each experiment was
repeated at least three times, the results were presented
as the mean * standard deviation (SD). IC,, concentra-
tions were calculated by nonlinear regression. Statistical
significance was determined at p<0.05.

Results and discussion

The composition of SLN-1 is based on SA and SO,
since the inclusion of liquid lipid in a solid lipid allows
compounds to be embedded both between fatty acid
chains and between lipid layers [7], which increases the
loading capacity of active substances and reduces the
explosive release of compounds. To select the optimal
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composition of nanoparticles, model mixtures with dif-
ferent ratios of excipients were prepared (Table 1).
According to Table 1, it is evident that the content of
surfactants and SA has a significant effect on the forma-
tion of a stable colloidal system, so an increase in the
content of Tween 80 from 0.4% (No. 1) to 2.0% (No. 4)
allows obtaining dispersion samples without sediment,
and a decrease in SA from 2.0% (No. 1) to 0.7% (No. 4)
prevents thickening, i.e. composition 4 with an average
particle size of 236+4 nm, (-potential of -20+2.0 mV and
pH = 6.1 turned out to be the most optimal. To stabilize
the selected composition, lyophilization was carried out
using cryoprotectors — mannitol, trehalose, and then the
obtained samples were studied for the main quality indi-
cators. The most optimal for forming a lyophilisate “tab-
let” was the use of 5% cryoprotector solutions (Table 2).
In the samples without cryoprotectant, the formation
of a lyophilic structure did not occur, the samples with

Ta6nuuya 1
CocrtaBbl T/IH-1

Table 1
Compositions of SLN-1

' MaccoBoe cooTHOLIEHNe BHewHwvn Bup

mannitol and trehalose at a concentration of 5% not only
formed a homogeneous dry porous mass during lyophi-
lization, but also retained the SLN-1 indicators after rehy-
dration of the lyophilisate (rehydration time is 1 min).
However, the composition of SLN-1 with trehalose after
rehydration remained stable for a longer time (about 30
days) in appearance (homogeneous suspension without
signs of stratification and sedimentation).

SLN-2 was obtained using CPLG, which are currently
widely studied due to their biocompatibility and biode-
gradability in the body. Based on the experience of pre-
paring SLN-1 models, SLN-2 compositions were prepared
in a ratio of GFT to APhC as 4:1 (Table 3, Fig. 3).

The data in Table 3 and Fig. 3 show that the stability of
the resulting suspension directly depends on the amount
of CPLG and PhC. Attempts to reduce the amount of
CPLG and PhC led to a decrease in the inclusion of GFT
and APhC by 6-30% and the precipitation of substances.

rmT:AQu A oflwin: B¢

HeoAHOPOAHaA ancnepcua C
OcCagKom, 6bICTp0 3arycteBaet

HeofHOpPOAHas rycras
JANCNepcrs COCaIKOM

1 4,5:1 1:11 2,2:.1:04 heterogeneous dispersion heterogeneous thick dis-
with sediment, thickens persion with sediment
quickly

2 334 1:17 22:1:43 ofHOpOZHas Ancnepcus, rycras gucnepcus

! o 6bICTPO 3arycTeBaet thick dispersion
homogeneous dispersion,

3 3,7:1 1:10 2,2:1:4,3 thickens quickly

. . ofiHOpoAHas Ancnepcus ofHOpOZHasA Ancnepcus
4 4:1 1.7 1,3:1:3,7 h . . . .
omogeneous dispersion homogeneous dispersion
Ta6nuuya 2
BnusiHne KpMoONpPOTEKTOPOB Ha NoKa3artenun Kadectsa T/IH-1
Table 2

The influence of cryoprotectors on the quality indicators of SLN-1

93¢ PeKTUBHOCTD
{-noteHyman, BKAouYeHua reT/
mB AdLU, %

BHewHun Bupg
nuodpununsara

Pasmep

Kpunonportektop 4yacTmu, HM

MaHHUT 5% OfHOPOAHasA cyxas 6,4-6,8 220+13 -16x1,1 100/40
mannitol 5% nopmcTasa macca CBeTso-
3e/1eHOoro LBeTa
homogeneous dry
Irp;ir:gtzzasg/‘? porous mass of light 73-74 245+15 -15+1,2 92/44
green color
- npo3payHas nneHka 6,8-7,0 23511 -14+0,9 90/48
transparent film
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Ta6nuua 3
Cocrtasbl T/IH-2

Table 3
Compositions of SLN-2

MaccoBoe cooTHOLWEeHue

roT:cmnr CMMT:®X:MBC:X

nocsnie nonyvyeHumsa

BHewHwnn Bup

yepes 24y

60:40:40:1
OX — SPC
PhC - SPC

1 1:30

60:16:40:1
OX -5100
PhC -S100

2 1:30

40:15:40:1
OX — SPC
PhC - SPC

3 1:20

30:15:40:1
OX — SPC
PhC - SPC

30:15:20
OX - SPC, 6e3X
PhC - SPC, without Ch

The SLN-2 model of composition No. 1 turned out to be
the most optimal with the inclusion of GFT at 87%, APhC
at 99%, an average particle size of 243+11 nm, a neutral
(-potential and a pH of 5.5. Monitoring this model over
time using the above indicators showed its stability for
14 days at a storage temperature of 2-8°C. Lyophilization
of this composition is planned for the future.

The cytotoxic activity of the selected models of SLN-1
(composition 4 with 5% trehalose) and SLN-2 (composi-
tion 1) was studied in vitro experiments on the A549 lung
cancer cell model (Fig. 4, 5, Table 4).

In the study of dark and photoinduced cytotoxic-
ity, combined SLN-1 and 2, as well as monodrugs (GFT
substance and SLN-1 and SLN-2 models with only APhC)

OBHOPOAHAA CyCneH3us
homogeneous suspension

0Caflok
sediment

OfHOpPOAHas CYCneH3us, 0CafokK yepes
5cyt
homogeneous suspension, sediment
after 5 days

ofiHopoAHasA
cycneHsus

homogeneous
suspension

OfJHOPO[HaA CycrneH3uns, 0Cafiok Yepes
3yt
homogeneous suspension, sediment
after 3 days

0CafoK
sediment

were introduced into cells in concentrations of GFT at
doses of 1.56-100 pg/ml. The GFT substance is not pho-
totoxic, the difference between the IC,, of the substance
with and without irradiation is ~3%. According to IC,,,
photoinduced cytotoxicity when exposed to a laser
with a energy dose density of 33 J/cm? in both models
was 3.5-4.6 times higher than dark toxicity, which indi-
cates a synergistic effect of the drug and PDT. Compared
with monotherapy, the combinations were 5.1-8.7 times
more effective for GFT and 1.5-1.8 times more effective
for APhC. Close IC values between SLN-2 without irra-
diation and the GFT substance indicate photoinduced
release of GFT from DF and low toxicity of excipients in
this composition, while SLN-1 is sufficiently cytotoxic

100 450
= 90 400
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g 2 80 350 4 €
Q -~
22 s g
= 8 @
2 @ 70 300 2 Y
G € T C
o 9 T 9
3 g_ 60 250 & 2 Puc. 3. BausHue cocraBa Bcnomora-
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_8 s BKNtoyeHue NPT, ADL 1 Ha cpeaHuii pas-
B 50 200 Mep yactuy B TJTH-2.
™ 1 2 3 4 5 Fig. 3. The influence of the composition
of excipients on the efficiency of the
T OT / GFT A®LL/ APhC Pasmep/ Size inclusion of GFT, APhC and on the
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o
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Ta6nuua 4

VIK50 uccnegyemMbix o6pasuos Ha moaenu A549
Table 4

IC,, of tested samples on model A549

O6pasey npenapara TJIH-1%,

T/TH 6e3 o6nyyeHna
SLN not illuminated 85 19,0

TJIH c 0bnyyeHnem
SLN illuminated 24 4,1

Cy6cTtaHuus FOT 6e3 obnyyeHus 216
GFT substance, not illuminated ¢

Cy6cTaHums FOT c o6nyueHnem 209
GFT substance, illuminated ¢

T/IH c AOLI 6e3 FOT 6e3 0bnyueHun ) 225
SLN with APhC without GFT, not illuminated !

TIH c AOL 6e3 FDT c obnyyeHnem 43 6.2
SLN with APhC without GFT, illuminated ! !

*p<0,05

24

Puc. 4. LuTtoTOKCMYecKas aKTuB-
HocTb TJ/IH-1 Ha kneTkax A549, Bpems
WHKyGauumn 24 4, ana 3HavyeHuin VIK50
p<0,05.

Fig. 4. Cytotoxic activity of SLN-1 on
A549 cells, incubation time 24 h, for
IC,, values p<0,05.

Puc. 5. LinToToKCcUyecKass akTMBHOCTb
T/IH-2 Ha kKneTkax A549, BpeMsl UHKY-
6aumm 24 4

Ons 3HauveHun TIH-2UK, n TIIH-2¢
ADL, 6e3 IPT (6e3 o6GnyyeHus U c
o6nyyeHuem) p<0,05.

Fig. 5. Cytotoxic activity of SLN-2 on
A549 cells, incubation time 24 h, for
IC,, values p<0,05.

even without irradiation. The
presented data indicate the pros-
pects for further study of the
SLN-2 nanoparticle model on
other cell lines.

Conclusion

As a result of complex stud-
ies on the creation of combined
photoinduced nanosystems of
GFT and PS with high cytotoxic
activity, two models of SLN-1 and
SLN-2 were obtained and studied
with the IC, indices of 2.4 and
4.1 pg/ml, respectively. In further
studies, it is planned to improve
the composition based on CPLG
and PhC and study its phototox-
icity on other cell lines, as well
as select the optimal irradiation
mode.
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Data on the producing and study of SLN with photo-

induced release can serve as a methodological approach
for the development of various chemotherapeutic
agents with stimulus-sensitive release.

The work was carried out with the financial support

of the Russian Science Foundation grant No. 23-75-01026
“Development of targeted combined structures based on
phospholipid nanosystems for the therapy of lung cancer.”
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