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INDICATORS OF CELL METABOLISM IN VITRO
IN RESEARCHES OF ANTI-INFLAMMATORY
AND CYTOTOXIC EFFECTS OF FULLEROPYRROLIDINES C60
AND THEIR INITIAL SUBSTRATES

Abstract. The article considers data on the in vifro study of new fulleropyrrolidine compounds for anti-
inflammatory and cytotoxic activity in cultures of human monocyte cell /ines MonoMac-6 and THP-1Blue and also
as inhibitors of human neutrophil elastase. This enzyme is a regulator of inflammation. In different situations, it can
act both as a pro-inflammatory and as an anti-inflammatory agent. An imbalance in the regulation of elastase activity
plays an important role in the pathogenesis of cystic fibrosis, acute respiratory distress syndrome, bronchiectasis,
chronic obstructive pulmonary disease, type 2 diabetes mellitus, atherosclerosis and hypertension. In the future, such
studies should lead to the creation of optimal in vitro models that most adequately reflect the situation in vivo and
establish the relationship between the structure and activity of the studied drugs. It is noted that the presence of
lipophilic properties in fullerene C60 derivatives is especially important in the development of pharmaceuticals for
the control of pathogens of various infectious diseases. Fullerene C60 derivatives have the ability to easily penetrate
lipid membranes, overcome the blood-brain barrier, and modulate ion transport. Compounds were tested for anti-
inflammatory and cytotoxic activity (in vitro) on cultures of human monocytic cell lines MonoMac-6 and
THP-1Blue. Modified fullerene compounds of various structures were tested for their inhibitory ability against
neutrophil elastase enzyme (in vitro). Elastase activity was evaluated by the ability of fulleropyrrolidine compounds
to hydrolyze the synthetic substrate N-methylsuccinyl-Ala-Ala-Pro-Val-7-amino-4-me-thylcoumarin (Calbiochem).
The results of studies of fullerene compounds in relation to their anti-inflammatory and cytotoxic activity are
obtained. The analysis of the fluorescence kinetics of the compounds was carried out. The cytotoxic activity of the
samples was investigated in the Brine Schrimp test using Artemia salina. All compounds have cytotoxicity, which
suggests a lack of selectivity of chemotherapeutic action. In general, the presence of a cytotoxic effect confirms the
reality of antimicrobial action. The results of the study of the antibacterial and antifungal activity of the synthesized
new fulleropyrrolidines and their starting substrates are described (S. aureus 505, Bacillus subtilis, Str.agalactiae,
E. Coli M-17, Ps.aeruginosa, Candida albicans, Penicillium citrinum, Aspergillus niger, Aspergillus flavus,
Trichophyton mentagraphytos, Epidermophyton fioccosum). As a result of the study of the potential antifungal
activity of the compounds, it was found that only two drugs inhibit the growth of test cultures in vitro. All other
studied samples have practically no activity against the yeast fungi Candida albicans. In general, the presence of a
cytotoxic effect in the studied fullerene compounds confirms the reality of the antimicrobial action.

Key words: fulleropyrrolidines, fullerene C60, neutrophil elastase inhibitors, anti-inflammatory activity,
cytotoxicity.

Introduction. Nowadays, using of fullerene C60 in the field of biology and medicine is of particular
interest. Fullerenes themselves are extremely hydrophobic and not very suitable for introduction into a
living organism. However, the methods developed in recent years for the chemical modification of
fullerenes using water-soluble and lipophilic adducts have revealed the widest range of their biological
effects [1]. It was found that many organic derivatives of fullerene C60 have the ability to penetrate
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through lipid membranes, overcome the blood-brain barrier and modulate ion transport [2]. First of all, it
is the absorption of free radicals and protection against oxidative stress. Secondly, fullerenes can serve as
carriers, for example, for HIV proteases [3]. Finally, fullerenes can produce singlet oxygen and cause
DNA damage to transformed (tumor) cells [4]. The presence of lipophilic properties in fullerene
C60 derivatives is especially important in the development of pharmaceuticals for the control of pathogens
of various infectious diseases. The possibility of using C60 as a cytoprotective agent is one of the most
developed areas due to fundamental research by Dugan and other authors [5-7], who established the ability
of fullerene to trap superoxide radicals. Fullerene derivatives using in medical practice is necessary to
understand the causes and mechanisms of the direct and long-term consequences of their in vivo and in
vitro effects, based on the introduction of proliferation and apoptosis of cell necrosis into the regulation.
A great influence on the subsequent properties of fullerene nanoparticles has a method for their
preparation and functionalization, as well as morphology - their size, shape, surface topography, affinity
for cellular structures, i.e. parameters depending on which the biological effects of nanoparticles can vary
from cytoprotective to cytotoxic. The proposed article considers the possibility of such an approach for the
quantitative assessment of anti-inflammatory and cytotoxic activity in cultures of human mono-monocytic
cell lines MonoMac-6 and THP-1 Blue, as well as human neutrophil elastase inhibitors using some
fulleropyrrolidines C60 and its structural fragments as an example.

In the future, such studies should lead to the creation of optimal models in vitro that most adequately
reflect the in vivo situation and establish the characteristics of the relationship between the structure and
activity of the studied drugs. Assessment of the anti-inflammatory and cytotoxic effects of potentially
bioactive substances is a necessary step in the study at the preclinical stage in the framework of the
GLP system [8]. This enzyme is a regulator of inflammation, and in different situations it can act both as a
pro-inflammatory and as an anti-inflammatory agent. Imbalance of elastase activity regulation plays an
important role in the pathogenesis of cystic fibrosis, acute respiratory distress syndrome, bronchiectasis,
chronic obstructive pulmonary disease, type 2 diabetes, atherosclerosis, arterial hypertension. The results
of a study of a number of compounds on antibacterial and antifungal activity with various test cultures are
presented

Materials and methods. Synthesis methods and data on the synthesis, structure and physicochemical
properties of fulleropyrrolidines (Ila-e) and their tartrate salts are described in [9-12], are presented in
figures 1, 2 and table 1. The antibacterial and antifungal activity of the newly synthesized fulleropyrro-
lidines (Ila-d) was held at the Department of Microbiology of the Karaganda Medical University.
Compounds (Ila-e) were tested for anti-inflammatory and cytotoxic activity (in vitro) in cultures of human
monocytic cell lines MonoMac-6 and THP-1 Blue. The anti-inflammatory effect was evaluated by the
ability of the compounds to suppress lipopolysaccharide (LPS) -induced production of anti-inflammatory
cytokines interleukin-6 (IL-6) and as a tumor necrosis factor (TNF) in MonoMac-6 cells, as well as
NF-kB-dependent production of alkaline phosphatase (ALP) in transfected THP-1 Blue cells. Cells were
treated with the compound for 30 min, then 0.5 Lg / ml LPS was added to the cell culture. Cytokine or
alkaline phosphatase levels were evaluated after 24-hour incubation.

Cytokines were measured in cell supernatants using an enzyme immunoassay (Elisa). AP production
was measured using a specific Quanti-BlueTM substrate. The level of cytotoxicity was evaluated using the
chemiluminescent CellTiter-Glo kit. The effective concentration causing a 50% suppression of the
response (ICsp) was found using regression analysis using dose-dependent curves (at least 5 concen-
trations).

O  Ceo, glycine
R cZ " .
H toluene, t
R
k

la-
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Figure 2 — The synthesis of tartrate salts of fulleropyrrolidines

Results and discussion. Compounds (I, II d-k) were tested to evaluate their inhibitory effect on the
activity of the neutrophil elastase enzyme (EC 3.4.21.37). Elastase activity was assessed by the ability of
the compounds to hydrolyze the synthetic substrate N-methylsuccinyl-Ala-Ala-Pro-Val-7-amino-
4-methylcoumarin (Calbiochem). The formation of a florescent product was measured with excitation of
355 nm and emission of 460 nm with a Fluoroskan-Ascent FL instrument. An effective concentration
causing a 50% inhibition of enzyme activity (ICso) was found by regression analysis. The inhibitory
activity of compounds with relation to human neutrophil elastase is shown in table 1.
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Table 1 — Inhibitory activity of the compounds (Id-k) in relation with human neutrophil elastase

Compounds 1Csp, uM
Id NA?
Ie NA?
If NA®
Th NA®
Ii NA®
I 33,3+0,13
Ik NA*
Ila 0,09+0,10
IIb 0,10+0,01
Ilc 0,18+0,15
IId 0,02+0,02
Ile 0,09+0,23
f 0,12+0,10
ITh 0,07+0,04
1T 0,15+0,12
Ik 0,03+0,02
IIle 0,12+0,05

* Compound is rapidly hydrolyzed, which is accompanied by either a decrease or an increase in intrinsic fluorescence
at 460 nm; ® no inhibition of enzyme activity at a concentration of <100 pM; adhesion has a high level of intrinsic fluorescence.

As follows from the data in table 1, only compound (Ij) showed the highest activity with an ICso of
about 33.3 uMb, while fullerene derivatives showed weak activity.

The rapid hydrolysis of most compounds does not allow the correct registration of the kinetics of the
hydrolysis of the fluorescent substrate with N-methylsuccinyl-Ala-Ala-Pro-Val-7-amino-4-methyl-
coumarin by the elastase enzyme at the same fluorescence parameters (Aex = 355 nm, Ay, = 460 nm )
Although compound (Ih) is sufficiently stable for the 5 min necessary for registration of the enzymatic
reaction, it has a high basic autofluorescence, which also negatively affects the correct registration of the
reaction kinetics. The kinetics of the compound (Ih) and (Ik)fluorescence spectra, which are noted above
as compounds with a high level of intrinsic fluorescence, were recorded on a Perkin Elmer LS50B
instrument at A, = 355 nm. Compound (Ih) has a specific fluorescence peak (Aex = 355 nm; Ay = 489 nm).
In an aqueous medium, compound (Ih) is slowly hydrolyzed, which is accompanied by a decrease in
fluorescence (figure 3A). Compound (Ik) has a specific fluorescence peak (Aex = 355 nm; A, = 475 nm).
In an aqueous medium, compound (Ik) is almost completely hydrolyzed in 60 minutes, which is
accompanied by a decreasing in fluorescence in the region of 460-475 nm (figure 3B).

Compounds (Ih-k) of various structures were tested in relation to their anti-inflammatory and
cytotoxic activity and inhibitory ability against neutrophil elastase enzyme (in vitro). The results of
compounds (Ih-k) studies in relation to their anti-inflammatory and cytotoxic activity are presented in
table 2.
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A. Spectra (Ih) were taken at the indicated time after adding it to water. B. Spectra (Ik) were taken
for the first 20 minutes every 2 minutes; the last 2 spectra were recorded with an interval of 15 min
Figure 3 — Kinetics of the fluorescence spectra of compounds (Th) and (Ik) (25 uM solution
in water with 0.25% dimethyl sulfoxide) at Aex = 355 nm (gap width 5 nm).
Table 2 — Effect of the compounds (Ih-k) on LPS-induced production of cytokines (TNF and IL-6)
and alkaline phosphatase (AP) in a cell culture and an estimation of their cytotoxicity
MonoMac-6 cells THP-1 Blue cells
Compounds TNF | IL-6 | Toxicity Alkaline phosphatase | Toxicity
ICsp, uM
Th NA NA NT NA NT
Ii NA NA NT NA NT
Ij NA 0,11 NT NA NT
Ik NA NA NT NA NT
Ile NA NA NT NA NT
f NA NA NT NA NT
g NA NA NT NA NT
Ik NA 0,03 NT NA NT
NA and NT - no inhibition of production or cytotoxicity at concentrations <100 pM.

From the data presented in table 2 it follows that the studied compounds do not have cytotoxicity, but
Ij and lik in low concentrations are able to suppress the production of IL-6, but not TNF. This property
seems to be very interesting, since the production of IL-6 and TNF in cells is regulated by various
mechanisms [15-17.

The results are present in a table 3 of a study a number of compounds for antibacterial and antifungal
activity. Test method for antimicrobial and antifungal activity - disco-diffuse in agar with test cultures:
S. aureus 505, Bacillussubtilis, Str. agalactiae, E. ColiM-17, Ps. aecruginosa, Candida albicans, Penicillium
citrinum, Aspergillus niger, Aspergillus flavus, Trichophytonmentagraphytos, Epidermophytonfioccosum.

Benzylpenicillin sodium salt was chosen as the standard for antimicrobial activity, and nystatin was
chosen for antifungal activity. The concentrations of the tested drugs were 1 pg for antibacterial activity,
10 ug for antifungal activity. The concentration of the reference preparations was 1 mg. The antimicrobial
activity of the samples was evaluated by the diameter of the zones of growth inhibition of the test strains
(mm). The diameters of the zones are less than 10 mm and the continuous growth in the cup was evaluated
as the absence of antimicrobial activity, 10-15 mm - weak activity, 15-20 mm - moderately pronounced
activity, over 20 mm - pronounced. Each sample was tested in three parallel experiments. Statistical
processing was performed using parametric statistics methods with calculation of arithmetic mean and
standard error.
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Table 3 — Antimicrobial activity of the samples

Compounds Staphylococcus Bacillus subtilis Escherichia coli Candida albicans
aureus (mm) (mm) (mm) (mm)

1Id 11,3+1,1 10,1£1,2 10,1+1,3 9,1£1,2
Ile 14,2412 16,4+1,1 14,3+1,2 12,4+1,1
Ij 16,1+1,3 15,2+1,3 15,1+1,0 13,2+1,3
I11d 9,7+0,3 10,0+1,1 9,0+0,4 8,6+1,0
Ile 12,3+1,1 14,3£1,3 15,1£1,3 10,2+1,1
Th 15,2+1,3 15,2+1,1 17,241,4 11,3+1,3
Il 11,5+0,4 10,2+0,5 9,2+1,1 10,0+0,1
115 15,2+1,2 14,3+0,1 16,0+0,9 14,3£1,1
Ik 10,1+0,5 9,1+1,4 8,0+0,7 7,8+1,4
Benzylpenicillin sodium salt 14,4+1,2 16,1£1,2 13,3+1,2 -

Nystatin 18,2+1,0

The cytotoxic activity of the samples was investigated in the Brine Schrimp test using artemiasalina
2-day-old shrimp larvae. The average lethal dose of the samples and the upper and lower toxic limits were
calculated using the Finney program.

In the study of antimicrobial activity, dilution was carried out at the rate of 1 mg of substance per
1 ml of solvent, 4 types of bacteria were used: Staphylococcusaureus, Bacillussubtilis, Escherichiacoli and
Candida-albicans. These cultures were sown using the lawn method, respectively, on the following
nutrient media: Lauryl Sulphate Agar, Endo medium, nutrient agar, and Saburo medium. Then Petri dishes
were incubated for one day at 37 ° C. The results of the identified growth retardation in the media are
shown in table 3.

In a result of the study of the potential antifungal activity of the compounds it was found that only
IIe and Ille inhibit the growth of test cultures in vitro. An exception is the culture of yeast Candida
albicans, which does not respond to the studied compounds (table 4). All other studied samples have
practically no activity against fungi.

Table 4 — Antifungal activity of the samples (Ie) u (Ille)

Diameter of growth inhibition zones, mm
Compounds Penicillium Aspergillus Aspergillus Trichophyton Epidermophyton
citrinum niger flavus mentagraphytos fioccosum
Ile 13,3+1,1 12,4+1,1 14,2421 - 11,4+1,3
Ille 15,2+1,3 12,3+2,2 13,3+1,4 10,3+3,1 14,1+1,2
Nystatin 16,2+3,1 12,3+1,1 15,1432 14,2422 12,3+1,2

The cytotoxic activity of the samples was investigated in the BrineSchrimp test using Artemiasalina
2-day-old shrimp larvae. The medium for the removal of sea crustaceans was a 3.3% solution of sea salt.
Larvae were grown by immersing eggs of sea crustaceans in artificial sea water and incubated for 48 h at a
temperature of 37°C. Then, 10 pieces of Artemiasalina sea crustaceans were caught in each vial, and the
studied pharmacological substances were added separately in dissolved form. Sea crustaceans in bottles
with the addition of N-methyl-1-[(4-diethylamino-2-hydroxyphenyl)]-fullerene-C60-[1,9¢c] pyrrolidine
(Ile) and N-methyl-1-[(4-diethylamino-2-hydroxyphenyl)]-fullerene-C60-[1,9c] -pyrrolidinium tartrate
(Ile), immediately died. Vials with substances Ih, Ij, IIf, IIi, Ilk were stayed at room temperature in the
light for 24 hours. After 24 hours, an average of 1-2 dead larvae were found.

As a result of studies, it was found that the presented substances, which showed weak antimicrobial and
antifungal activity, have cytotoxicity, which are suggested have a lack of selectivity of the chemotherapeutic
effect. In general, the presence of a cytotoxic effect confirms the reality of antimicrobial action.
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OYJUVIEPOIINPPOIMIANHIAEP MEH OJIAPIBbIH BACTAIIKBI CYBCTPATTAPBIHBIH
KABBIHYFA KAPCBI ’KOHE HUTOYbBITTbI OCEPIH 3EPTTEYJEI'T IN VITRO KJIETKAJIBIK
METABOJIN3M KOPCETKIIITEPI

AnHoTanusi. Makaigama MonoMac-6 xone THP-1Blue amaM MOHOIMTAPJIBI KJIETKA CHI3BIKTAPBIHBIH ©CIHII-
ciHIe in Vvitro KaObIHyFa KapcChl OHE LUTOYBITTHI O€JICEHIUTIrIHACTI KaHa (yJuIeponuppoNnuanH KOChIIBICTAPBIH,
coH/aii-aK ajaM HeWTpo(WIAEpiHIH 3JlacTa3za MHTUOWTODJApBl PETIHAE 3€pPTTey Typalbl MAJIIMETTep KapacThl-
pburraH. byn kapactelppuiraH (epMEHT KaOBbIHYJIBIH peTTeylIici OOJbIN caHaja[bpl. OPTYpIi JKaraaiiapia oJyap
KaOBIHYFa ocep €Tyl HeMece KaObIHyFa KapChl areHT peTiHnae Je OelCEeHAUTIK KepceTeni. DaacTa3aHblH OCHIHIAM
JKaFjaiira OaliIaHBICTBI ocep €TeTIH OCNICCHIUTIrT MYKOBHCIHIO3a MATOTCHE3IHIE dCepi KBUIJAM PECIUPATOPIIBIK
JIUCTPECC-CHHTAPOM, KaHT MUAOeTIHIH eKIHIIIIK TYpIHAe )KOHE apTePUAITBIK TUTICPTCH3HS KEe31HIe MaHbI3/IbI KbI3MET
aTkapansl. bomamakra MyHmail 3eprreyniep in vivo jKarmaibIH HEFYPIBIM Oapabap KOpCeTeTiH in Vitro OHTaiIbI
YITUTIepiH KYpyFa JKoHE 3epTTENeTiH IpemnaparTapiblH KYpPBUIBIMBI MEH OEJCEHIUTIrT apachIHAAFbl apaKaThIHAC
epekienirin anpikraybl THic. @yiuieped C60 TybIHIbUIAPBIHBIH JUITO(GUIBIAI KacHETTepiHiH 0oyybl Typii nHpEK-
LWUSUIBIK aypy KO3ABIPFBILIBIHA Kapchl (apMaleBTHKA OHIIPICIHIE Iopi-IopMeK jkacayla eTe MaHbI3Abl KacHeT
Ooubin caHanathiHbl aiikpiHaanabl. Oymnepen C60 TybIHABUIAPHI JUTOPHUIIBII alaM KIETKAChIHBIH MEeMOpaHaChIHAH,
COHBIMEH Oipre remMaTosHIE(aNUTHKAIBIK KEJIEPriJeH OHal IbIFa anajibl )KOHEe MOHAAP/bI TachIMaigay KacuerTepi
Oap. CuHTe3emiN alblHFAH aHa (QYUICPEHIIK 3aTTap aJaMHBIH MOHOIMTAPJBl CHI3BIKTEI MonoMac-6 xoHe
THP-1Blue xneTkanapblHIa KaObIHYFa *OHE IUTOTOKCKOJIOTHSJIBIK OCICEHIUTIKKE Kapcehl (in Vitro) skarnaiibiHaa
3eprrenai. Kypsuibichl Typuti dyuiepeHIik TYpJIeHIipUIreH KOChUIBIC HeHTpopuiIbaepiHiH (hepMEeHTTI 3acTa3achlHa
Kapchl TEXKeyllli, HUTOYBITTHI >KOHE KaOblHyra Kapchl (in Vitro >karJalblHi@) ocepiH TEKcepy HaTHKenepi
KapacThIpbUIIBL. DJacTa3a OenceHuIir QyueponuppoIuIuHIl KOCBUIBICTAPIBIH CUHTETHKAIBIK N-methylsuccinyl-
Ala-Ala-Pro-Val-7-amino-4-me-thylcoumarin (Calbiochem) cyOcTparTi runponm3ney KaOineTTinirine OaiIaHbICTHI
Oaramannpl. OyurepeHIIK TYBIHIBUIAPABIH KaOBIHYFa JKOHE MUTOYBITKA OEICEeHAUTIK KacueTTepi OOUBIHIIA 3epTTey
MomiMeTTepi anblHABL. KypbUTBICEI opTypii (YJUIEpPEHIIK KOCBUTBICTApABIH (DIYOpPECICHIUAIBIK KHHETHKACHIHA
Tanngay sxacangsl. CHHTE3IENIN aublFaH XaHa (yJUIEpONUPPOIHHACP MEH OJapAbIH OacTamkel CyOCTpaTTapbIHBIH
GakTepusIapra jKoHe TpHOTapFa Kapchl oCepiH 3epTTey HOTIKenepi cunarraiansl. Keitbip 3aTTapapig OakTepus MeH
rpubKe Kapchl OeICeHAUTITIH 3epTTey HoTmkenepi kentipinreH (S. aureus 505, Bacillus subtilis, Str.agalactiae,
E. Coli M-17, Ps.aeruginosa, Candida albicans, Penicillium citrinum, Aspergillus niger, Aspergillus flavus,
Trichophyton mentagraphytos, Epidermophyton fioccosum). @yiepeHIiK TYbIHIBUIAPABIH IUTOYBITTHI OSJICEHIITIr
Brine Schrimp tekcepy yWeci apKbUIBI TCHI3 KPEBETKaJIapbIHbIH Artemia salina KIiIKEHE KYPTTapblH KOJIaHY
Heri3inzae 3eprrengi. ['pudTepre Kapchl (ysuiepeH i TybIHAbUIAP OEICEHAUTINH 3epTTey HOTHXECIHIE TeK KaHa eKi
JKaHa 3aTTHIH i1 Vitro KarJaibIHIA TECTUTIK ©CIHIIEP IIH KETUTY YISpICIH TOKTaTaThIHBI aHBIKTanAbl. KanraH Oap-
nbIK 3eprrenetin 3arrap Candida albicans rpubiHe Kapchl OenceHIUNIK TaHbITHaAbl. JKaumsl alTKaHIa 3epTTeNreH
3aTTapia IHUTOYBITTHIH OONYBI ONApIBIH MHKPOOTapFa Kapchl OEJCEeHIINTIK KepceTyre MYMKIHIITiHIH Oap eKeHiH
KepceTei.

Tyiiin ce3nep: dymneponupponuauuaep, dpymiepen C60, HelTpohuibaEp dacTa3aChIHBIH TEXKEYiIll, KaObIHY-
Fa Kapchl OEJICEH UK, IUTOYBIT.
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MOKA3ATEJIHA KIETOYHOI'O METABOJIU3MA IN VITRO B UCCJIEAOBAHUUA
NNPOTUBOBOCHAJIUTEJIBHBIX U IUTOTOKCUYECKUX 3OPEKTOB
OYJUVIEPOIIUPPOJININHOB U UX UCXOJHBIX CYBCTPATOB

AnHoTanus. B ctaThe pacCMOTPEHBI TaHHBIE IO U3YYECHUIO HOBBIX ()yJUICPOMTUPPOTHINHOBBIX COSUMHEHHUN Ha
MIPOTUBOBOCHAIIUTENIbHYIO U HUTOTOKCUYECKYIO aKTUBHOCTH in Vitro Ha KyJbTypax YE€JIOBEYECKUX MOHOLUUTAPHBIX
muHAN K1eToKk MonoMac-6 v THP-1Blue, a Takke B Ka4eCTBE HHTHOUTOPOB 3J1aCTa3bl HEUTPOQIIIOB YeIOBEeKa. ITOT
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(hepMeHT SBISETCS PEryJIATOPOM BOCHAICHHs. B pa3HBIX CHUTyalUsiX OH MOXET BBICTYNAaTh M KaK IMPOBOCHA-
JUTENBHBIN, U KaK MPOTHBOBOCHAJIMTENbHBIA areHT. JucOanaHc B peryjiupoBaHMU aKTHBHOCTH 3JaCTa3bl HIPACT
Ba)KHYIO POJIb B MATOr€HE3¢ MYKOBHCIH/103a, OCTPOTO PECIHUPATOPHOTO JAUCTPECC-CUHIPOMA, OPOHXOIKTATUIECKON
0oJie3HH, XPOHMUYECKOW OOCTPYKTHBHOW OOJIE3HM JIETKUX, CaxapHoOro auabera BTOPOTO THIIA, ATEPOCKIEpPO3a
W apTepualibHOi TunepreH3ud. B mepcnekTrBe MNOJOOHBIE HWCCIENOBAHMS JOJDKHBI IPUBECTH K CO3JAHHUIO
ONTUMAJIBHBIX MOJENeH in vitro, HanboJee aJeKBaTHO OTPAXKAIOIINX CHUTYAIUIO in Vivo M YCTAaHOBJICHUIO OCOOCH-
HOCTEW COOTHOUIEHHS] MEXAY CTPYKTYpOH M aKTHUBHOCTBIO UCCIIEIyeMbIX MpernaparoB. OTMEYEeHO, YTO HaU4He Y
npou3BojHbIX GyiepeHa Cgy JTUNOMUIBHBIX CBOHCTB OCOOGHHO BaXKHO IpU pa3paboTke (apMaleBTHUYECKUX
npenaparoB 1yisi 00pbObI ¢ BO30OYJUTENISIMH PAa3IMYHbIX HH(PEKIIMOHHBIX 3a0osieBanuii. [IponsBonubie dymiepena Cey
00J1a1a10T CTIOCOOHOCTBIO JIETKO NMPOHHUKATH Yepe3 JHUITUIHBIE MEMOpaHBI, IPE0J0IeBaTh reMaTOdHIEPATUTHIECKUI
OGapbep M MoOIynMpoBaTh TpaHcHopT HMOHOB. CoeanHeHWs OBIIM HCCIEOBaHBI HAa IMPOTHBOBOCIIAIUTENBHYIO U
LIUTOTOKCUYECKYIO aKTUBHOCTH (in Vifro) Ha KyJbTypax 4elIOBEYECKHX MOHOLMTAPHBIX JIMHUH KieTok MonoMac-6 n
THP-1Blue. 1luToTOKCHYeCKass aKTUBHOCTh OOpa3IOB HCCIIEIOBANACh B Tecte Brine Schrimp ¢ MCTONb30BaHHEM
JMYMHOK MOPCKUX KpEeBEeTOK Artemia salina. TIpoBOAMINCH TECTHPOBaHUS MOJU(DUIMPOBAHHBIX (YILIEPEHOBBIX
COCIMHECHUI Pa3IMYHON CTPYKTYphl B OTHOLICHHH MHTHOMPYIOIIEH CIIOCOOHOCTH MPOTHB (PepMEHTa 3IIAaCTa3bl U3
HelTpopuioB (in vitro). AKTHBHOCTb 3jacTa3bl Oblla OLEHEHa M0 CHOCOOHOCTH (YIIEPONHPPOIHIMHOBBIX
COEIMHEHUH THAPOIN30BATh CHHTETHUECKUH cyOcTpaT N-methylsuccinyl-Ala-Ala-Pro-Val-7-amino-4-me-thylcouma-
rin (Calbiochem). Tlony4yeHbl pe3ysibTaThl UCCICIOBAHUN (YIIIEPEHOBBIX COEJANHEHUI B OTHOLICHUH X MPOTUBO-
BOCIQJIUTENBHOW M IUTOTOKCUYECKOW aKTUBHOCTH. L[UTOTOKCHYECKas aKTHBHOCTH (YJUIEPEHOBBIX 0O0pa3loB
HCCIIeAIOBANIaCh B TecTe Brine Schrimp ¢ WCIONb30BAaHHEM JIMYUHOK MOPCKHX KPEBETOK Artemia salina. Bce
COeIMHEeHUs 00J1a/lal0T HUTOTOKCHYHOCTBIO, YTO ITO3BOJISIET TOBOPUTH 00 OTCYTCTBMM M30MPAaTEIbHOCTH XHMHOTE-
pareBTHYECKOrO JeicTBus. [IpoBeneH aHanu3 KMHETHKH (iayopecteHIH (yJUICpEeHOBBIX COEAMHEHUH pa3in4HON
cTpyKTyphl. [IpeacraBieHbl pe3ynbTaThl H3yYSHUs psijla COeNMHEHNH Ha aHTHOAKTEpHAIbHYIO M IPOTHBOIPHOKOBYIO
aKTUBHOCTH C pa3IMYHBIMHU TeCT-KynbTypamu (S. aureus 505, Bacillus subtilis, Str.agalactiae, E. Coli M-17,
Ps.aeruginosa, Candida albicans, Penicillium citrinum, Aspergillus niger, Aspergillus flavus, Trichophyton
mentagraphytos, Epidermophyton fioccosum). B pe3ynpraTte HCCICIOBaHWS MOTEHIHMATa IPOTHBOTPHUOKOBOI
AKTHUBHOCTH COEIIMHEHHI YCTaHOBJIEHO, YTO TOJILKO JIBa Mperapara TOPMO3ST POCT TECTOBBIX KYJBTYD in vitro. Bee
OCTalIbHBIE HMCCJICOBAaHHbIE OO0pa3lpbl MPAKTHYECKH HE O0JaJar0T aKTHBHOCTHIO IPOTHUB JAPOXIKEBBIX TPUOOB
Candida albicans. B uenom Hajaudue HUTOTOKCHMYecKOro 3ddexra y HM3ydeHHBIX (YIJIEPEHOBBIX COEIUHEHHN
MOJITBEPKIACT PEaIbHOCTh AaHTUMUKPOOHOTO ICHCTBHS.

KiaroueBnle cioBa: ¢ymuieponupponuaunbl, ¢ymiepen C60, WHruOUTOPHI 3jacTasbl  HEHTPODHUIIOB,
MMPOTUBOBOCHIAJIUTEIIbHASA AKTUBHOCTD, TUTOTOKCUYHOCTD.

Information about authors:

Fazylov S.D., corresponding member of NAS RK, Doctor of chemical sciences, Professor, Institute of Organic
Synthesis and Coal Chemistry of the Republic of Kazakhstan, Karaganda, Kazakhstan; iosu8990@mail.ru;
https://orcid.org/0000-0002-4240-6450

Nurkenov O.A., Doctor of chemical sciences, Professor, Institute of Organic Synthesis and Coal Chemistry
of the Republic of Kazakhstan, Karaganda, Kazakhstan; nurkenov_oral@mail.ru; https://orcid.org/0000-0003-1878-
2787

Gazaliev Arstan Maulenovich, Academician of the National Academy of Sciences of the Republic
of Kazakhstan, Deputy Director for Research, Institute of Organic Synthesis and Coal Chemistry of the Republic
of Kazakhstan, Karaganda, Kazakhstan; https://orcid.org/0000-0003-2161-0329

Ibracv Marat Kerimbaevich, Doctor of chemical sciences, Professor, Karaganda State Technical University,
Karaganda, Kazakhstan; mkibr@mail.ru; https://orcid.org/0000-0003-0798-5562

Takibayeva Altynaray Temirbekovna, Ph. D., head of the Department "Chemistry and chemical technology",
Karaganda State Technical University, Karaganda, Kazakhstan; altynarai8 lr@mail.ru; https://orcid.org/0000-0003-
0536-0817

Bakirova Ryszhan Emelevna, Doctor of medical sciences, Professor, «Karaganda Medical University»
non-commercial joint-stock company, Karaganda, Kazakhstan; bakirl 5@mail.ru; https://orcid.org/0000-0002-1592-
8579

Arinova Anar Erikovna, Doctoral student of Buketov Karaganda State University, Karaganda, Kazakhstan;
arinova-anar@mail.ru; https://orcid.org/0000-0002-7780-4555

Fazylov Arman Serikovich, undergraduate of the Karaganda State Technical University, Karaganda,
Kazakhstan; arman1708@yahoo.com; https://orcid.org /0000-0003-2905-9121

— 3 ——



ISSN 1991-3494 5.2020

REFERENCES

[1] Bosi S., Da Ros T., Spalluto G., Prato M. (2003) Fullerene derivatives: an attractive tool for biological applications.
European Journal of Medicinal Chemistry, 38: 913-923 // Eur J Med Chem. Nov-Dec. 38: 913-923.
DOI: 10.1016/j.ejmech.2003.09.005 (in Eng.).

[2] Bosi S., Da Ros T., Spalluto G., Balzarini J., Prato M. (2003) Bioorg. Med. Chem. Lett. 13 (24): 4437-4440.
DOI: 10.1016/j.bmcl.2003.09.016 (in Eng.).

[3] Friedman S.H., Decamp D.L., Sijbesma R.P., Strodanov G., Wudl F., Kenyon G.L. (1993) Inhibition of HIV-1 protease
by fullerene derivatives model building studies and experimental verifioation. J. Am. Chem. Soc. 115 (15): 6506-65009.
DOI: 10.1021/ja00068a005 (in Eng.).

[4] Wang J., Kawde A.N., Musameh M. (2003) Carbon-Nanotube-Modified Glassy Carbon Electrodes for Amplified
Label-Free Electrochemical Detection of DNA Hybridization. Analyst. 128: 912-916. DOI: 10.1039/b303282e (in Eng.).

[5] Dugan L.L., Turetsky D.M., Du C., Lobner D., Wheeler M., Almli C.R., Shen C.K-F., Luh T-Y., Choi D.W.,
Lin Tien-Sung (1997) Proc Natl. Acad.Sci. U.S. A94 (17): 9434-9439. DOI: 10.1073/pnas.94.17.9434 (in Eng.).

[6] Ali S.S., Hardt J.I., Quick K.L., Kim-Han J.S., Erlanger B.F., Huang T.T., Epstein C.J., Dugan L.L. (2004)
A Dbiologically effective fullerene (Cgy) derivative with superoxide dismutase mimetic properties. Free Radic. Biol. Med.
37 (8): 1191-1202. DOLI: 10.1016/j.freeradbiomed. 2004.07.002 (in Eng.).

[7] Andrievsky G.V., Bruskov V.I., Tykhomyrov A.A., Gudkov S.V. (2009) Peculiarities of the antioxidant and
radioprotective effects of hydrated Cgq fullerene nanostructures in vitro and in vivo. Free Radic. Biol. Med. 47: 786-793.
DOI: 10.1016/j.freeradbiomed.2009.06.016.

[8] Xu J-Y., Su Y-Y., Cheng J-S. (2010) Protective effects of fullerenol on carbon tetrachloride-induced acute
hepatotoxicity and nephrotoxicity in rats. Carbon. 48 (5), 1388-1396. DOI: 10.1016/j.carbon.2009.12.029 (in Eng.).

[9] Fazylov S.D., Nurkenov O.A., Arinova A.E., Seilkhanov T.M., Tuktarov A.R., Khuzin A.A., Bakirova R.E., Muravleva
L.E. (2015) Synthesis and Structure of N-Methyl-1-[(4-bromo-3,5-dimethyl-1H-pyrazol-1-yl)phenyl]fullerene-C60-
[1,9-c]pyrrolidine // Russian Journal of General Chemistry 8 (5): 1049-1051. DOI: 10.1134/S1070363215050072 (in Eng.).

[10] Fazylov S.D., Nurkenov O.A., Tuktarov A.R., Khuzin A.A., Turdibekov K.M. (2014) Synthesis and structure of
N-methyl-1-phenylfullereno-C-60[1,9]pyrrolidines based on aminoaldehydes // Russian Journal of General Chemistry.
84 (10): 1757-1758. DOI: 10.1134/S1070363214100375 (in Eng.).

[11] Fazylov S.D., Nurkenov O.A., Zhurinov M.Zh., Arinova A.E., Tuktarov A.R., Issayeva A.Z., Shaihova B.K. (2018)
Catalytic cycloaddition of hydrazons to C60 fullerene catalyzed complexes of palladium // News of the National academy of
scienses of the Republic of Kazakhstan. Series of chemistry and technology. 5: 26-31. DOI: 10.32014/2018.2518-1491.4 (in Eng.).

[12] Fazylov S.D., Nurkenov O.A., Arinova A.E., Zeinldenov A.K., Ibraev N.K., Issaeva A.Zh. (2017) Study of the
Optical and Photovoltaic Properties of N-methyl-1-(4-cytisinophenyl)-fullerene-C-60-[1,9]-pirrolidine. Proceedings of the
IEEE 7" International Conference Nanomaterials: Application and Properties (NAP). Odessa, Ukraine. 2017. DOI: 10.1109/
NAP.2017.8190253 (in Eng.).

[13] Crocetti L., Schepetkin I.A., Cilibrizzi A., Graziano A., Vergelli C., Giomi D., Khlebnikov I., Quinn M.T., Giovannoni
M.P. (2015) J. Medical Chemistry. 56: 6259-6272. DOI: 10.1021/jm400742j (in Eng.).

[14] Groutas W.C., Dou D. Alliston KHR. (2011) Expert Opin. Ther. Pat. 21 (3): 339-354.
DOI: 10.1517/13543776.2011.551115 (in Eng.).

[15] Moroy G., Alix A.J., Sapi J., Hornebeck W., Bourguet E. (2012) Anticancer Agents Med. Chem. 12: 565-579.
DOI: 10.2174/187152012800617696.

[16] Friedman S.H., Ganapathi P.S., Rubin Y., Kenyon G.L. (1998) Optimizing the binding of fullerene inhibitors of the
HIV-1 protease through predicted increases in hydrophobic desolvation // J. Mend. Chem. Vol. 41: 2424-2429 (in Eng.).

[17] Mashino T., Nishikawa D., Takanashi K., Usui U., Yamori, T., Seki M., Endo, T., Mochizuki M. (2003) Antibacterial
and antiproliferative activity of cationic fullerene derivatives // Bioorg. Med. Chem. Lett. 13: 4395-4397 (in Eng.).

[18] Bosi S., Da Ros T., Castellano S., Bafni E., Prato M. (2000) Antimycobacterial activity of ionic fullerene derivatives //
Bioorg. Med. Chem. Lett. 10: 1043-1045 (in Eng.).

[19] Gareth A. (2005) Hughes Nanostructure-mediated drug delivery // Nanomedicine: Nanotechnology, Biology, and
Medicine. 1: 22-30 (in Eng.).

[15] Homma T., Harano K., Isobe H., Nakamura E. (2011) Preparation and Properties of Vesicles Made of Nonpolar Polar
Nonpolar Fullerene Amphiphiles. JACS. 133: 6364-6370 (in Eng.).

[16] Ikeda A., lizuka T., Maekubo N., Aono R., Kikuchi J., Akiyama M., Konishi T., Ogawa T., Ishida-Kitagawa N., Tatebe
H., Shiozaki K. (2013) Cyclodextrin Complexed [60] Fullerene Derivatives with High Ilevelsof Photodynamic
ActivitybylongWavelength Excitation / ACS medicinal chemistry letters. 4: 752-756. https://doi.org/10.1021/m114001535
(in Eng.).




Bulletin the National academy of sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal—-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere in the
same form, in English or in any other language, including electronically without the written consent of the
copyright-holder. In particular, translations into English of papers already published in another language
are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be
checked by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Aca

demy of Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBumna opopmiieHHs cTaThU IS MyOJIMKALUK B )KypHaJIe CMOTPETh Ha CalTe:

www:nauka—nanrk kz
ISSN 2518-1467 (Online), ISSN 1991-3494 (Print)

http://www.bulletin—science.kz/index.php/en/

Penakropst M. C. Axmemosa, /]. C. Anenos, A. Axmemosa
Bepctka Ha kommbiotepe 4. A. A6opaxumosoii

IMoamucano B mevats 14.10.2020.
®opmar 60x881/8. bymara odcernas. [Ieuats — puzorpad.
21 n.n. Tupax 500. 3aka3 5.

Hayuonanvnas akademus nayx PK
050010, Anmamul, yn. Lllesuenxo, 28, m. 272—13-18, 272—13—-19



