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AHHOTALNA

Basederue. lNepcneKTVBHLIM HanpaBfieHWEM OHKOTEpanuu ABIAETCA UCMOb30BaHNE HAHOYACTUL, METasIoB.

Llene. OueHUTb LIMTOTOKCMYHOCTb HaHovacTuy 3om0Ta (HY3), MogudumumpoBaHHbIX ocTaTKaMu (yKo3bl, NAKTO3b
W ranakTosbl, Ha KneTkax Caco-2.

Mamepuanel u Memodel. KneTku KynbTuBMpoBanu Ao MoHocnoa ¢ HY3 B KoHueHTpaumax 10-600 Mkr/mn
Ana vactuy ¢ gykoson, 10-900 MKr/mn gna vactuy ¢ nakto3omn u 10-550 MKr/mMn ana yactvy ¢ ranakto3on. B kayectse
HeonyxoneBbIX MCMONb30BannCh KNeTkn Caco-2 nocne anddepeHLMpOBKIU B TOHKOKMLLEYHbIE SHTEPOLMTHI (MHKybaLmA —
21 cy7). UntoTokcmuHocte HY3 oueHnBanace MTT-TecToM nocie MHKyb6aumm € KneTkamu B TeyeHue 2 4, 8 4 u 24 u.
B KavectBe npenapata cpaBHeHMA WcMofb30BancA ¢Topypaunn B KoHueHTpaumsax 50-2000 MKr/mn. KoHueHTpaumio
nonymMakcumanbHoro nHrnbuposanua (ICy,) paccumtbiBanm ¢ noMolLbio nporpamMmbl GraphPad Prizm 8.4.3.

Pesynemamel. ICyy aina HY3 ¢ ¢pyKo30i1 nNo 0THOLLIEHMIO K ONYX0/1eBbIM KneTkaM cocTaBuna 582 + 29 1 336 + 36 MKr/mn
nocne 2 v 8 4 MHKybaumu cooTBeTcTBEHHO; AnA HY3 ¢ nakto3om — 769 + 50 1 515 + 45 Mkr/mn, gna HY3 ¢ ranakToson —
467 + 299 1 299 + 28 mkr/mn. B oTHowweHnn anuddepeHumpoBaHHbIx Knetok ICs; Ana Bcex Tnos HY3 6bina Bhile, YeM
ANA OMyX0NeBbIX KNETOK Npu 2 4 1 8 4 nHKybaumu: ans vactuy ¢ gpykoson — 530 + 3 n 410 + 15 MKr/mMn; ana yactuy
c naxkto3on — 831 £ 7 u 639 + 14 Mkr/mMn; ona yactuy ¢ ranaktoson — 511 £ 21 (p = 0,018) n 376 + 36 MKr/mn
cooTBeTCTBeHHO. [lpn 24-vacoBoit MHKybauumn Knetok Caco-Z2 ¢ HY3 ¢yko3om IC;; no OTHOLIEHWIO K OMyX0neBon
1 anddepeHLMpPOBaHHOM UX pa3HOBMAHOCTAM He oTiMyanach. B cnyyae octanbHbix HY3 ICy; no oTHOLLEHMIO K OnyX0neBbiM
KNneTKaM NpeBOCXoawmna faHHbIA napameTp Anda AuddepeHUMpoBaHHbIX KneToK. OTopypauun NpoABK LUTOTOKCUYHOCTb
M0 OTHOLLEHMIO K OnyXoneBbIM KneTkaM ¢ ICy 2108 + 19 1 1764 + 193 MKr/MA npu 2 4 v 8 4 HKyb6aLKMKM COOTBETCTBEHHO.
Mo oTHoweHMio K AnddepeHLMpoBaHHbIM KneTkaMm ero ICs; coctaBnana 1995 + 20 MKr/mMn nocne 2 4 WHKybaumm w
1694 + 102 Mkr/Mn npu 8 4 MHKybaummn. Pasnuunin Mexxay IC., GTopypaumnna no oTHoLWeEHUIO K AnddepeHLMpOBaHHBIM
1 ONyX0MEeBbIM KNETKaM C paBHOM JIUTENbHOCTbI0 UHKybaLumM He Habniopanoc.

3aknmoyeHue. HY3 c ¢yko3oi, NaKTO30M M ranakTo30M OKa3blBalOT LMTOTOKCMYECKOE [EMCTBME HA KNETKU
afileHOKapLMHOMbI 06004HOM KMLIKK YeN0BEKa, NPEBOCXOAA MO aKTUBHOCTU dTOpypaLm.

KnioueBble cNoBa: 2/IUKOHAHOYACMUULI 30/710Ma; G0eHOKAapyuHoMa 060004HOU KuwKu YenoseKa; Caco-2; ¢mopypayus;
MTT-mecm

[nA uuTUpoBaHua:

YepHbix M.B., Konatnua MA., WynbkuH AB., Arywesa E.H., Epwos A.l0., MapTeiHeHkoB A.A., Jlaroga W.B., Bonkoa A.M. OueHKa LIMTOTOKCMYHOCTM
TMIMKOHAHOYACTWL, 30/10Ta Ha KNeTKax afeHOKapUMHOMbI 000[0YHOM KULIKM YenoBeka // POCCUICKMIA MeavKo-6MONornyeckmii BECTHUK MMeHH
akapgemuka V. M. Masnosa. 2023. T. 31, N2 2. C. 255-264. DOI: https://doi.org/10.17816/PAVLOVJ112525

Pykonucb nonyyena: 11.11.2022 Pyronucb opobpeHa: 10.04.2023 Ony6nukoBaHa: 30.06.2023

3KO®BEKTOP Jnuenamna CC BY-NC-ND 4.0
© Konnextvie astopos, 2023


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.17816/PAVLOVJ112525&domain=PDF&date_stamp=2023-07-16

256

. P Pavlov Russiam
ORIGINAL STUDY ARTICLES Vol. 31 (2) 2023 Medical Biological Herald

DOI: https://doi.org/10.17816/PAVLOVI112525

Evaluation of Cytotoxicity of Gold Glyconanoparticles
of Human Colon Adenocarcinoma Cells

Ivan V. Chernykh', Mariya A. Kopanitsa'“, Aleksey V. Shchul’kin', Elena N. Yakusheva',
Andrey Yu. Ershov?, Aleksandr A. Martynenkov?, Igor’ V. Lagoda?,
Aleksandra M. Volkova'

" Ryazan State Medical University, Ryazan, Russian Federation;
Z|nstitute of Macromolecular Compounds of the Russian Academy of Sciences, Saint-Petersburg, Russian Federation;
3 State Scientific-Research Test Institute of Military Medicine, Saint-Petersburg, Russian Federation

ABSTRACT

INTRODUCTION: Use of metal nanoparticles is a promising trend in oncotherapy.

AIM: To evaluate cytotoxicity of gold nanoparticles (GNPs) modified with fucose, lactose and galactose residues, on
Caco-2 cells.

MATERIALS AND METHODS: Cells were cultured to a monolayer with GHPs in concentrations of 10 pug/ml-600 pg/ml
for particles with fucose, 10 pg/ml-900 pg/ml for particles with lactose and 10 pg/ml-550 pg/ml for particles with
galactose. As non-tumor cells, Caco-2 cells were used after differentiation into small-intestine enterocytes (incubation
time — 21 days). The cytotoxicity of GNPs was evaluated in MTT-test after incubation with cells for 2 hours, 8 hours and
24 hours. A comparison drug was fluorouracil in concentrations of 50 pg/ml-2000 pg/ml. The half-maximal inhibitory
concentration (ICs,) was calculated in GraphPad Prism 8.4.3 program.

RESULTS: ICy; for GNPs with fucose for tumor cells was 582 + 29 and 336 + 36 pg/ml after incubation for 2 hours
and 8 hours, respectively; for GNPs with lactose — 769 + 50 and 515 + 45 pg/ml, for GNPs with galactose — 467 + 299
and 299 + 28 pg/ml. For differentiated cells, ICg; for all types of GNPs was higher than for tumor cells after incubation
for 2 and 8 hours: for particles with fucose — 530 + 3 and 410 + 15 pg/ml; for particles with lactose — 831 + 7 and
639 + 14 pg/ml; for particles with galactose — 511 + 21 (p = 0.018) and 376 + 36 pg/ml, respectively. After 24-hour
incubation of Caco-2 cells with fucose, IC50 did not differ for tumor and differentiated varieties. For other GNPs, IC;, for
tumor cells was higher than for differentiated cells. Fluorouracil showed cytotoxicity for tumor cells with IC;; 2108 + 19
and 1764 + 193 pg/ml after 2 hours and 8 hours of incubation, respectively. For differentiated cells, ICy, of fluorouracil
was 1694 + 102 pg/ml after 2-hour incubation and 1694 + 102 pg/ml after 8-hour incubation. There were no differences
between IC;, of fluorouracil for differentiated and tumor cells with equal incubation time.

CONCLUSION: GNPs with fucose, lactose and galactose have a cytotoxic effect on human colon adenocarcinoma cells
and in the activity are superior to fluorouracil.
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OPATHATIBHBIE MCCTIEAOBAHNA

LIST OF ABBREVIATIONS

Au-Fuc-MHH — aurum-fucose-mercaptohexanoylhydrazide
Au-Gal-MPH — aurum-galactose-mercaptopropanoylhydrazide
Au-Lac-MPH — aurum-lactose-mercaptopropanoylhydrazide
GGNPs — gold glyconanoparticles

INTRODUCTION

Oncological diseases are the second most common
cause of death in the world after cardiovascular
pathology making more than 15% in the structure of total
mortality [1]. Currently, National Strategy for combatting
oncological diseases in the long-term period (until 2030)
is being realized with the priority of providing access to
safe, effective, high-quality and affordable basic medical
drugs and vaccines for everyone, as well as introduction
of modern means and systems with targeted drug
delivery [2].

The most common forms of oncological diseases
are lung and breast tumors (8.09 million deaths in 2018),
colorectal tumors (1.8 million), prostate tumors (1.28
million), tumors of skin (1.04 million) and stomach (1.03
million), each requiring specific methods of treatment:
surgical, radio- and pharmacotherapy [2].

One of the promising directions of antitumor
drug therapy, as well as of targeted delivery of
chemotherapeutic drugs, is the use of noble metal
nanoparticles possessing a complex of specific optical
and electrical properties, well-developed surface with
the possibility of its modification primarily by introducing
substituents through a thiol group having a high affinity
for metals [3-5].

To use GNPs in vivo on experimental tumor models,
it is necessary to analyze the cytotoxicity of the tested
substances on cultures of normal and tumor cells
in vitro to establish the concentrations and duration of
incubation at which they are more toxic in relation to
malformed cells.

The aim of this study to evaluate the cytotoxicity of
solutions of gold nanoparticles with the surface modified
with fucose, lactose and galactose residues, on Caco-2
human colon adenocarcinoma cell culture.

MATERIALS AND METHODS

In the study, the following aqueous solutions
of modified GNPs of 18 nm-21 nm diameter [7]
synthesized in the Laboratory of Polymer Nanomaterials
and Compositions for Optic Media of the Institute of
High Molecular Compounds of the Russian Academy of
Sciences, RAS (Saint-Petersburg, Russia) were used:
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GNPs — gold nanoparticles
IC5, — 50% inhibitory concentration
MTT — 3-(4,5-dimethylthiazid-2-yl)-2,5-diphenyl tetrazolium

1) gold-fucose-mercaptohexanoylhydrazide
(Au-Fuc-MHH) (1 mg/ml);

2) gold-lactose-mercaptopropanoylhydrazide
(Au-Lac-MPH) (2 mg/ml);

3) gold-galactose-mercaptopropanoylhydrazide
(Au-Gal-MPX) (1 mg/ml)

The synthesis of gold glyconanoparticles (GGNPs)
(1) included two stages: the interaction of natural mono-
and disaccharides (I) with hydrazides of 3-mercapto-
propionic or 6-mercaptohexane acids and modification
of colloidal gold by condensation products (Il) obtained
in the first stage of the process (Figure 1) [6, 7.

For the preparation of working solutions of GGNPs,
the mother liquors were diluted with cell culture
medium to final concentrations of 10 ug/ml-600 pg/ml
for particles modified with fucose residues (10 pg/ml,
25 pg/ml, 50 pg/ml, 100 pg/ml, 200 pg/ml, 400 pg/ml,
450 pg/ml, 475 pg/ml, 500 pg/ml, 550 pg/ml, 600 pg/ml),
10 pg/ml-900 pg/ml for particles coated with lactose
residues (10 pg/ml, 25 pg/ml, 50 pg/ml, 100 pg/ml,
200 pg/ml, 400 pg/ml, 600 pg/ml, 650 pg/ml, 700 pg/ml,
750 pg/ml, 850 pg/ml, 900 pg/ml) and 10 pg/ml-550 pg/ml
for particles modified with galactose residues (10 pg/ml,
25 pg/ml, 50 pg/ml, 100 pg/ml, 200 pg/ml, 400 pg/ml,
450 pg/ml, 475 pg/ml, 500 pg/ml, 550 pg/ml). The
incubation periods of substances with cells were
2-hour, 8-hour and 24-hours.

As a comparison drug, fluorouracil was used
(a standard pharmacopeial sample of Nantong Jinghua
Pharmaceutical Co., Ltd.) recommended for adjuvant
therapy of colorectal tumors [8], at concentrations
of 50 pg/ml-2000 pg/ml (50 pg/ml, 200 pg/ml, 600 pg/ml,
800 pg/ml, 1000 pg/ml, 1500 ug/ml, 2000 pg/ml).
The duration of its incubation with cells was 2-hour
and 8-hour because in this work, GGNPs demonstrated
higher toxicity for tumor cells exactly with these
incubation periods.

The cytotoxicity of GGNPs and of fluorouracil was
studied on Caco-2 human colon adenocarcinoma cell
line (Center for Collective Use ‘Collection of Vertebrate
Cell Cultures’, Saint-Petersburg, Russia). The cells were
cultured at 37°C with 5% CO, in WS-189C incubator
(WorldScience, Korea) in Dulbecco's modified Eagle's
medium with a high glucose content (4,500 mg/L)
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Fig. 1. A scheme of synthesis of gold glyconanoparticles [6, 7].

(1

Notes: X — hydrogen atom or a fragment of D-galactose, Z — oxygen atom, R — methyl or hydroxymethyl group, n — 1-thiopropanoyl group
or 4-thiohexanoyl group; | — natural mono- and disaccharides, Il — condensation product, Ill — gold glyconanoparticles.

containing L-glutamine (4 mM), 15% of bovine serum,
100 U/ml and 100 pg/ml of penicillin and streptomycin,
respectively (all components of Sigma-Aldrich,
Germany). After reaching the 80% monolayer, the
cells were removed from the flask by adding trypsin-
EDTA solution (0.25% of trypsin and 0.2% of EDTA,
Sigma-Aldrich, Germany) and were inoculated into a
96-well plate (Corning, USA) in the amount of 10* cells
per well. Then the cells were cultured for 48 hours
after reaching the monolayer (tumor cell culture —
human colon adenocarcinoma — the first series)
or for 21 days after the formation of the monolayer
(cell culture similar to human small intestine epithelial
cells — differentiated cells — the second series [9]).
The nutrient medium was changed daily.

Cytotoxicity (influence on the intensity of cell
metabolism) of GGNP and fluorouracil solutions was
evaluated in MTT-test. Solutions of tested substances
of the described concentrations in the incubation
medium were added to wells with cells of the first
and second series for 2-hour, 8-hour and 24-hours.
After the incubation, 0.5% isotonic solution of
3-(4,5-dimethylthiazid-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT; Sigma, USA) in the quantity of 20 pl

DOl https://doi.org/ 10

was added to each well followed by incubation for
2 hours, then MTT solution was removed and 100 pl
of dimethyl sulfoxide (PanEko, Russia) were added.
The optical density of the solution was measured in
10 minutes at 530 nm on StatFax 2100 spectrophotometer
for plates (Awareness Technology, USA) with
differential filter for 620 nm.
Cytotoxicity was calculated by the formula:

cytotoxicity = (0D of experimental wells — 0D blank)/
(0D of control wells — 0D blank) x 100%

where 0D — optical density, blank — well without cells,
control wells — wells with cells incubated with pure
nutritional medium.

For each GGNPs and incubation period, 4 repetitions
were used.

Then, in GraphPad Prizm 8.4.3 program, 50%
inhibitory concentration (IC50) in pg/ml was calculated
for each of GGNPs and fluorouracil with all incubation
periods, and the obtained data were compared for
tumorous and differentiated cells.

To analyze the effect of the studied GGNPs
and fluorouracil on the survival of tumor cells at

17816/PAVLOVJT12525
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concentrations corresponding to IC;; with incubation
periods in which ICg, for tumor cells was reliably
lower than for differentiated cells, tumor cells were
stained with trypan blue (Bio-Rad, USA) by mixing
10 pl of cell suspension with 10 pl of dye and application
of the mixture on the cartridge of Countess Il FL
automatic cell counter (Thermo FS, USA). For analysis,
cells were cultured in 96-well plates. For control,
cells were used incubated with nutritional medium
without addition of the study compounds. For each
substance and each incubation period 3 repetitions
were used.

Statistical processing of the results was carried out
using Statistica 13.0 program (Stat Soft Inc., USA). The
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data are presented as an arithmetic mean + standard
deviation (M + SD). The data distribution was analyzed
using Shapiro—Wilk test. The intergroup differences of
IC;, for GGNPs and fluorouracil at different incubation
periods with cells, as well as between tumor and
differentiated cells, were analyzed using Student's
test for unconjugated samples. The differences were
considered statistically significant at p < 0.05.

RESULTS

In investigation of cytotoxicity of GGNPs and
fluorouracil on Caco-2 cells, the following results were
obtained (Figures 2-4).
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Fig. 2. Graphs of metabolic activity of Caco-2 cells in their incubation with gold glyconanaoparticles and fluorouracil for 2 hours..
Notes: Au-Fuc-MHH — aurum-fucose-mercaptohexanoylhydrazide, Au-Gal-MPH — aurum-lactose-mercaptopropanoylhydrazide,
Au-Lac-MPH — aurum-galactose-mercaptopropanoylhydrazide. Dots on the graph correspond to the arithmetic meal values, spread

of values — to standard deviation.

IC;, for nanoparticles with fucose relative to tumor
cells (the first series) was 581.5 + 28.9 and 335.5 + 35.5
pg/ml after 2-hour and 8-hour incubation, respectively;
for nanoparticles with lactose — 768.9 + 50.3 and
514.5+44.8 pg/ml, for nanoparticles with galactose —

DOl https://doi.org/ 10

466.9 +29.2 and 298.6 + 27.8 pug/ml. Longer incubation
resulted in a reliable decrease in the IC;; of the tested
nanoparticles by 1.43 (p = 0.0007), 1.50 (p = 0.0003)
and 1.56 times (p = 0.0003), respectively, in comparison
with incubation for 2 hours.
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Fig. 3. Graphs of metabolic activity of Caco-2 cells in their incubation with gold glyconanaparticles and fluorouracil for 8 hours.
Notes: Au-Fuc-MHH — aurum-fucose-mercaptohexanoylhydrazide, Au-Gal-MPH — aurum-lactose-mercaptopropanoylhydrazide,
Au-Lac-MPH — aurum-galactose-mercaptopropanoylhydrazide. Dots on the graph correspond to the arithmetic meal value, spread

of values — to standard deviation.
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For differentiated cells (the second series), the IC; for
all types of nanoparticles was reliably higher than for tumor
cells: for nanoparticles with fucose — 530.1 + 2.7 pg/ml
with 2-hour incubation (p = 0.037) and 410.0 + 14.7 pg/
ml with 8-hour incubation (p = 0.002); for nanoparticles
with lactose — 830.9 + 6.5 pg/ml with 2-hour incubation
(p=0.019) and 638.9 + 13.7 pg/ml with 8-hour incubation
(p = 0.015); for nanoparticles with galactose —
510.7 + 20.9 pg/ml with 2-hour incubation (p = 0.018) and
376.1 + 35.8 pg/ml with 8-hour incubation (p = 0.007).

Increase in duration of incubation of differentiated
cells with GGNPs containing residues of fucose, lactose
and galactose, from 2-hour to 8-hour led to reliable
reduction of IC;; by 1.29 (p = 0.000004), 1.30 (p < 0.00001)
and 1.36 times (p = 0.0006), respectively.

In 24-hour incubation of Caco-2 cells with
nanoparticles with the surface modified by fucose, ICg;
did not show any reliable difference for their tumor and
differentiated varieties (p > 0.05): 386.2 + 9.2 pg/ml for
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the first series and 246.5 + 1.6 pg/ml for the second
series. For the rest of GGNPs, ICg; for tumor cells was
reliably higher than for differentiated cells: 730.6 + 139.5
and 591.9 + 7.8 pg/ml for nanoparticles with lactose
(p < 0.0001); 381.4 + 13.3 and 235.0 + 7.9 pg/ml for
nanoparticles with galactose (p < 0.0001).

In some cases increase in the intensity of cell
metabolism of differentiated (predominantly) and tumor
cells above 100% was noted in incubation with GGNPs
at low doses.

In investigation of survival of tumor cells it was
found that in their incubation for 2 hours with GNPs
modified by fucose, lactose and galactose, percentage
of viable cells did not differ from the values obtained in
incubation with a pure nutritional medium (p > 0.05). In
8-hour incubation with nanoparticles these parameters
were lower than control values and were 24.17 + 0.39%
(p = 0.0471), 30.55 + 8.56% (p = 0.046), 32.81 + 3.13%,
respectively (p = 0.030, Table 1).

Table 1. Data on Survival of Tumor cells in Incubation with Study Compounds, %

Incubation Period Au-Fuc-MHH Au-Lac-MPH Au-Gal-MPH Fluorouracil
Control 100 100 100 100
2 hours 36.6+1.78 60.6+15.0 418+733 288+ 1.25
8 hours 2417 £0.39* 30.55 + 8.56* 32.81+3.13* 45.37 + 18.88*

Notes: * — differences compared to control with p < 0.05; Au-Fuc-MHH — aurum-fucose-mercaptohexanoylhydrazide, Au-Lac-MPH — aurum-
lactose-mercaptopropanoylhydrazide, Au-Gal-MPH — aurum-galactose-mercaptopropanoylhydrazide

Control drug fluorouracil showed cytotoxicity in relation
to tumor cells with IC;; 2107.5+£ 19.1 and 1764.0 + 192.8 pg/ml
with 2-hour and 8-hour incubation, respectively. In
relation to differentiated cells, IC;, of fluorouracil was
1995.0 £ 19.7 pg/ml with 2-hour incubation and 1694.4 + 101.5
pg/ml with 8-hour incubation (Figures 2, 3). No significant
difference was observed between IC;; of fluorouracil in
relation to differentiated and tumor cells with the same
duration of incubation (p > 0.05). Increase in duration of
incubation led to reduction of IC, in relation to tumor cells
by 1.19 times (p = 0.012); in relation to differentiated cells
by 1.18 times (p = 0.0024). ICy; of fluorouracil in relation
to cells of the first series reliably exceeded this parameter
for Au-Fuc-MHH, Au-Lac-MPH and Au-Gal-MPH: with
2-hour incubation by 3.62 times (p = 0.00019), 2.74 times
(p = 0.00018) and 4.51 times (p = 0.0002), respectively;
with 8-hour incubation by 5.25 times (p = 0.00019), 3.73
times (p =0.00017) and 5.90 times (p = 0.0002), respectively.

The percentage of viable tumor cells in incubation
with fluorouracil at concentrations corresponding to its
ICy,, was below control only with 8-hour incubation and
was 45.37 + 18.88% (p = 0.035).

DOl https://doi.org/10.17816/PAVLOVJ112525

In comparison of the percentage of dead tumor
cells after 8-hour incubation with tested GGNPs and
fluorouracil, no difference was found (p > 0.05). Thus,
the effectiveness of the cytostatic effect of substances
does not differ from that of fluorouracil.

DISCUSSION

The aim of this study to analysis of cytotoxicity of GNPs
modified by fragments of fucose, lactose and galactose
through the residue of thiol-containing hydrazides of
carboxylic acids in relation to the Caco-2 cell culture in
MMT-test. With this, Caco-2 line cells were cultured in
96-well plate for 48 hours after reaching the monolayer
to obtain tumor cells, or within 21 days after formation of
the monolayer, since in this period the cells spontaneously
differentiate to physiologically polarized monolayer similar
to the epithelium of small intestine [9]. Thus, the work
involved cells of different morphology, but of the common
precursor — human colon adenocarcinoma.

In our work, cytotoxicity of GNPs relative to culture
of Caco-2 cells was demonstrated as early as after
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2-hour incubation. Here, higher IC;, values of tested
substances were shown in relation to cells differentiated
to epitheliocytes of small intestine. Similar results were
also obtained in 8-hour incubation.

The obtained results may be associated with
a different extent of accumulation of GGPNs in
differentiated and tumor cells, which is due to the
presence of sugar residues on the surface of particles
with affinity for surface lectins of tumor cells [10].
Further analysis of the content of nanoparticles in
cells after incubation can confirm this assumption. An
increase in the incubation period to 24 hours led to the
fact that the IC;, of nanoparticles in relation to tumor and
differentiated cells either did not differ (Au-Fuc-MHH),
or became higher for tumor than for normal cells
(Au-Lac-MPH and Au-Gal-MPH), which is probably due
to the penetration of particles also into normal cells by
other than receptor-dependent mechanism [11]. Thus,
nanoparticles can also penetrate into tumor tissues
passively by the enhanced permeability and retention
(EPR) effect associated with accelerated growth of
tumor tissues and the appearance of significant cavities
between cells and in cell membranes, as well as with
defective tumor vascularization and irregular epithelium,
reduced number of lymphatic vessels and insignificant
absorption of interstitial fluid [5].

One should note the identified increase in the metabolic
activity both of cells differentiated to epitheliocytes of
the small intestine (predominantly) and tumor cells in
incubation with GGNPs within the specified periods. One
of the probable causes of this phenomenon is G2/M block
of cell cycle accompanied by enhanced mitochondrial
activity. This process precedes cell death [12].

Another probable cause of growth of metabolic
activity is inhibition of the efflux transporter protein
glycoprotein-P (ABCB1-protein) by nanoparticles. MTT is
glycoprotein-P substrate, and decrease in its activity can
probably be associated with more intensive intracellular
accumulation of the substance and its reduction to
formazan that absorbs light in the UV spectrum [13].
Attention should be paid to the fact that the preliminary
joint incubation of GGNPs and MTT within 8 hours did
not lead to a change of the optical absorption of the
latter, which theoretically could lead to re-evaluation of
metabolic activity of cells in MTT-test.

Predomination of this or that mechanism of
intracellular penetration of nanoparticles, and
consequently, the results of their use depend on the type
of cells. For example, an increased need of colorectal
cancer cells for L-fucose monosaccharides was
demonstrated, which created prerequisites for the use
of liposomes with this substance for targeted delivery
of antitumor agents [14]. Specific receptors binding
to fucose have also been found on the membranes of
pancreatic cancer cells [15], and the B16F10 melanoma
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cell culture interacts more intensively with galactose-
modified magnetic nanoparticles [16].

In our work, comparison drug was chosen to be
fluorouracil approved by FDA due to effectiveness it
demonstrated in the treatment of a large number of
malignant neoplasms, including colon adenocarcinoma.
The drug inhibits thymidilate synthase enzyme, which
frustrates intracellular nucleotide balance and causes
double-stranded breaks of DNA [17]. There is also
information about the stimulation of the transcription
factor of p53 by the drug [18].

The results of our work demonstrate a higher
selectivity of cytotoxic action of FFNPs compared to the
chemical drug of comparison. It is relevant to continue
in vitro analysis of possible mechanisms of cytotoxicity
of GNPs. Here, it is reasonable to use 2-hour and 8-hour
incubation duration, which is associated with a higher
activity of particles against tumor cells compared to
cells differentiated to intestinal epithelium.

CONCLUSION

Thus, gold nanoparticles with surface modified with
fucose, lactose and galactose residues, have a cytotoxic
effect on human colon adenocarcinoma cells, being
superior in the activity to a classic cytostatic fluorouracil.
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OuHaHcupoBaHue. PaboTa noaaepikaHa ctvneHameit Mpesupenta Poc-
cuickon ®efiepaLmmn MonofdbIM y4eHbIM 1 acnnpaHtaM (KoHkype CM-2022).
KoHnuKT MHTepecoB. ABTOpLI 33ABMNAIOT 06 OTCYTCTBUM KOHONMKTA MHTEPECOB.
Bknap aBTopoB: YepHoix M. B. — KoHUENUMA 1 AM3aliH UCCNeA0BaHNA,
aHanmM3 W MHTepnpeTaumna AaHHblx; KonaHuya M. A. — npoBefeHune uc-
CnefoBaHuin, pefakTMpoBaHue pyrkonuck; Lynekud A. B. — KoHuen-
UMA WM [OM3aiH WMCCNefoBaHWA, CTaTUCTMYecKaA 06paboTKa [aHHbIX;
Arywesa E. H. — KoHuenumA v AM3anH uccnegosaHua; Epwos A. 10,
MapmeiHerkos A. A., Jlazoda M. B. — cuHTE3 MUCCneayeMblx coenHe-
HWiA; Bosikosa A. M. — npoBefeHve uccnenoBaHuii. Bee aBTopbl nod-
TBEPHOAIOT COOTBETCTBME CBOEr0 aBTOPCTBA MeEMAYHapOOHbIM KpuTe-
puaM ICMJE (Bce aBTOpbI BHECAM CYLLECTBEHHbIN BKMaL B pa3paboTky
KOHLeNUwMW, NpoBefieHne UccnejoBaHnA U NOAroTOBKY CTaTby, NPOYny
1 opobpunu drHanbHyio Bepcuio nepef nybnvkaumen).
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