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Thio-nucleosides, a group of chemicals generated from nucleosides by replacing the oxygen atom with a sulfur
atom, have received a lot of attention in cancer research because of their potential anticancer effects. Thio-nucleosides’
unusual chemical structure confers specific biological activity, making them possible cancer therapeutic possibilities.
This article will look at the role of thio-nucleosides as anticancer medications and how they work to limit cancer
cell growth and induce apoptosis. Thio-nucleosides have demonstrated exceptional cytotoxic effects on a variety
of cancer cell lines, making them a promising target for future preclinical and clinical research. Their capacity to
interfere with nucleic acid metabolism and impair DNA replication and repair mechanisms in cancer cells has made
them viable chemotherapeutic agents. Furthermore, thio-nucleosides have demonstrated the ability to overcome drug
resistance, a significant obstacle in cancer treatment, opening up new pathways for the creation of effective anticancer
medicines. In this article, we will look at the molecular processes underpinning thio-nucleosides’ anticancer activities,
their pharmacokinetic characteristics, and the present state of research into their therapeutic uses. Furthermore, we
will investigate the obstacles and possibilities connected with using thio-nucleosides as a novel class of anticancer
medications, offering insight on the future prospects and possible effect of this burgeoning field of cancer therapies.

THOHYKIICO3HU B!, TPYIITIA XUMIHUECKIX BEIIECTB, MOTy9aeMbIX M3 HYKJICO3UI0B ITyTEM 3aMEHBI aTOMa KHCIOpPO-
Jla aTOMOM Cepbl, IPUBIICKIIN OOJIBIIIOE BHUMAaHHUE B UCCIIEIOBAHMSAX PAKa M3-32 UX MOTEHIIMAIBHOTO MPOTHBOPAKO-
BOrO feiicTBust. HeoObraHas xuMudeckas CTpyKTypa THOHYKJICO3UIOB HAAETSIET UX CIe(pUIecKoi OMOIOrndecKkoit
AKTUBHOCTBIO, UTO JIENIACT X BO3MOMKHBIMU JUISl JIEUeHHs paka. B 3Toii crarbe OyzieT paccMOTpeHa poib THOHYKIIEO-
3WJI0B KaK MMPOTUBOPAKOBBIX ITPENAPATOB U TO, KAK OHM OI'PAHUYMBAIOT POCT PAKOBBIX KJIETOK M BBI3BIBAIOT aIlOITO3.
THOHYKIJICO3UIBI IPOJEMOHCTPHUPOBAIN UCKIIOYUTEIFHBIC IUTOTOKCHYECKHE Y (EKTHI HAa PA3IHMYHBIC IHHUN PAKO-
BBIX KJIETOK, YTO JIEJTaeT MX MHOTOOOCIIAOIEH MUILICHBIO JUTs OYyIINX JOKIMHUYECKHX U KIIMHUYECKUX UCCIIEH0-
BaHuWil. X crIoCOOHOCTH BMELIMBATHCS B META0O0IM3M HYKJICHHOBBIX KHCIIOT U HapyLIaTh MEXaHU3Mbl PEIUIMKALIN
n BoccranoBieHns JJHK B pakoBBIX KIIeTKax cenaya uX KH3HECITIOCOOHBIMH XHUMHUOTEPANIeBTHIECKUMH areHTaMH.
Kpome TOro, THOHYKIIC03UABI MPOJEMOHCTPUPOBAIN CIIOCOOHOCTH MPEOJI0NIEBATh JICKAPCTBEHHYIO YCTOHYMBOCTS,
YTO SIBJISIETCS CEPHE3HBIM MPEISITCTBAEM B JICUCHUH Paka, OTKPbIBas HOBBIE ITYTH JUIsl CO3aHus A (HEKTUBHBIX MPoO-
THUBOPAKOBBIX JIEKapCTB. B 3TOil cTaTbe MBI paCCMOTPHM MOJIEKYIISIPHBIE MPOLECCHI, JEKAIINE B OCHOBE POTUBO-
PaKOBOM aKTHBHOCTH THOHYKJICO3HJIOB, HX (DAPMAKOKHHETHYECKHE XapaKTEPUCTHUKH U COBPEMEHHOE COCTOSTHHE HC-
CJIEIOBAHUH MX TEpaeBTUYECKOTO IpUMeHeHHsI. Kpome Toro, Mel Oy/ieM HCCIea0BaTh IPETSITCTBHS H BO3MOXKHOCTH,
CBSI3aHHBIE C UCIIOIb30BaHNEM THOHYKJICO3HU/IOB B KQUECTBE HOBOTO KJIACCa IIPOTHBOPAKOBBIX MPETIApaToB, IpeIaras
MOHMMaHHUE Oy/IyIINX MEPCIIEKTHB M BO3MOXKHOTO d(deKTa 3TOH pacTymiel 00JIacTH JIeUSHHUS paka.

Keywords: Thio-nucleosides, modified nucleosides, cancer cell lines, cell culture.

Knrouegvie cnosa: THOHYKICO3UIBI, MOAU(DHUIMPOBAHHBIC HYKICO3WABI, JIMHUH PAKOBBIX KIICTOK, KJICTOYHBIC
KYJIBTYPBI.
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Several studies have employed modified Bloch equations to simulate data from perfused cells, organs, and cell pellets
(Day et al., 2007; Harris et al., 2009; Harrison et al., 2012; Ward et al., 2010). Harris et al. modeled the pyruvate-to-
lactate conversion in T47D human breast cancer cell culture by simplifying this model and ignoring the reverse reaction
(kL-P =0). The combination of 13C and 31P MRS enabled them to determine a pseudo metabolic rate constant (kP-L)
per cell (Neeman, Rushkin, Kadouri, & Degani, 1988). ). They also evaluated kP-L for various starting concentrations
of hyperpolarized pyruvate in order to conduct a Michaelis-Menten kinetic analysis and investigate pyruvate transit
from the extracellular to intracellular pool, as well as its conversion. Finally, Harrison et al. suggested and analyzed
six distinct models for studying pyruvate-to-lactate conversion in SF188-derived glioma cells (Harrison et al., 2012).
Although the three-site models provide insight into the transport of lactate from the intracellular to the extracellular
space, results showed no strong differences in the pyruvate-to-lactate flux (corresponding to the product of kP-L and
the initial pyruvate concentration) among the six models (Harrison et al., 2012), suggesting that less complex models,
as generally used in the literature, should be sufficient for estimating the initial pyruvate-to-lactate flux.

A primary cell culture is the first culture established directly from a bodily tissue. Primary cancer cultures
can be started and grown from a range of tissue sources, including solid tumor pieces (primary or metastatic) or
cell suspensions, such as aspirates, peritoneal ascites, or pleural effusions. Cell suspensions can be very useful for
generating cell lines since they already grow as single cells or clusters, eliminating the requirement for mechanical
or enzymatic dispersion. Primary cultures frequently have a highly varied cellular makeup, with hematopoietic and
stromal cell types contributing to the mix. Fibroblasts, in particular, might be troublesome since they easily adhere
to matrices and frequently exceed the cancer cell population. Cancer cells differ from most other types of cells in
their capacity to grow in suspension, such as on agar, although in general, cultures begin by enabling cells to attach
to a substrate before multiplying. A variety of tactics have been developed to aid in the dispersal of tissue pieces,
including mechanical and enzymatic approaches.

In modern usage, “tissue culture” generally refers to the growth of cells from a tissue from a multicellular
organism in vitro. These cells may be cells isolated from a donor organism (primary cells) or an immortalize cell
line. The cells are bathed in a culture medium, which contains essential nutrients and energy sources necessary for
the cells’ survival.

Thus, in its broader sense, “tissue culture” is often used interchangeably with “cell culture”. On the other hand,
the strict meaning of “tissue culture” refers to the culturing of tissue pieces, i.e. explant culture.

Tissue culture is an important tool for the study of the biology of cells from multicellular organisms. It provides
an in vitro model of the tissue in a well defined environment which can be easily manipulated and analyzed. In animal
tissue culture, cells may be grown as two-dimensional monolayers (conventional culture) or within fibrous scaffolds
or gels to attain more naturalistic three-dimensional tissue-like structures (3D culture). Eric Simon, in a 1988 NIH
SBIR grant report, showed that electrospinning could be used to produce nano- and submicron-scale polymeric
fibrous scaffolds specifically intended for use as in vitro cell and tissue substrates. This early use of electrospun
fibrous lattices for cell culture and tissue engineering showed that various cell types would adhere to and proliferate
upon polycarbonate fibers. It was noted that as opposed to the flattened morphology typically seen in 2D culture, cells
grown on the electrospun fibers exhibited a more rounded 3-dimensional morphology generally observed of tissues
in vivo.

Cells can be isolated from tissues for ex vivo culture in several ways. Cells can be easily purified from blood;
however, only the white cells are capable of growth in culture. Cells can be isolated from solid tissues by digesting
the extracellular matrix using enzymes such as collagenase, trypsin, or pronase, before agitating the tissue to release
the cells into suspension. Alternatively, pieces of tissue can be placed in growth media, and the cells that grow out are
available for culture. This method is known as explant culture.

Cells that are cultured directly from a subject are known as primary cells. With the exception of some derived
from tumors, most primary cell cultures have limited lifespan.

The assessment of cell number is an important parameter for both starting research with cancer cell lines and
monitoring cell responses under experimental settings. The two techniques shown here offer benefits depending on
the application, such as the size of the experiment or the number of cell lines to be counted. The simplest approach
uses a hemocytometer (Improved-Neubauer) and is suited for counting a limited number of samples. This is the most
cost-effective option since it requires little equipment or reagents. A hemocytometer is an etched glass chamber that
holds a quartz cover slip precisely 0.1 mm above the chamber bottom.. The counting chamber is neatly carved with
a total surface area of 9 mm2. Cell number is calculated by counting the number of cells in a specific region beneath
the cover slip. The second approach is mechanized and uses an electronic counter, such as Beckman Coulter’s Z2.
This technique permits quick and precise counting of huge numbers of grown cells and is frequently utilized within
the biological sciences, although it requires a higher initial investment for the equipment.

The trials were repeated until three data sets (in triplicate) had been collected for each answer (n=6). All data are
expressed as the median (interquartile range (IQR)) and were analyzed using the Kruskal-Wallis test for comparing
more than two independent sets of samples.

When the Kruskal-Wallis test revealed significant differences between groups, the Wilcoxon rank sum post hoc
test was performed to identify pairings of groups with statistically significant differences.
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All the statistical analysis was carried out by using R statistical programming tool

Chemical count mean  sd median IQR
<fct> <int> <dbl> <dbl> <dbl> <dbl>
1 2-Mercaptopurine 30 121. 844 79.8 105.
2 6-Thioguanine 30 87.8 50.1 74.2 49.1
3 6-Thioguanosine 30 69.0 21.9 69.2 16.5
4 Desulfated Aztreonam 30 63.1 17.0 61 21.1
5 2-(Benzylsulfanyl)- 1-hydroxyadenosine 30 61.5 15.6 64.6 18.9
6 2"-Deoxy-6-thioguanosine 15 53.7 15.6 53.3 14.9
Kruskal-Wallis rank sum test
data: Activity by Chemical
Kruskal-Wallis chi-squared = 26.233, df = 5, p-value = 0.00008042
. . . . . Desulfated 2-(Benzylsulfanyl)-1-
2-Mercaptopurine | 6-Thioguanine | 6-Thioguanosine Astreonam hydroxy-adenosine
6-Thioguanine 0.2143 - - - -
6-Thioguanosine 0.0309 0.2355 - - -
Desulfated 0.0035 0.0494 0.2143 - -
Aztreonam
2-(Benzylsulfanyl)-
1-hydroxy- 0.0035 0.0494 0.2143 0.8187 -
adenosine
2 -Deoxy-G- 0.0020 0.0182 0.0443 0.2143 0.1456
thioguanosine
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Thio-nucleoside derivatives are a kind of chemical that has showed promise in a variety of medicinal applications,
including antiviral and cancer therapies. The mechanism of action of thio-nucleoside derivatives might differ depending

Concentration (mol/L)

Figure — Effect of different concentrations of 2-mercaptopurine, 6-thioguanine,
6-thioguanosine, and 2 ’-deoxy-6-thioguanosine on the growth rate of cancer cells
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on the chemical and its intended application. However, I can offer a basic summary of the mechanism of action of thio-
nucleoside derivatives in terms of antiviral and anticancer activity.
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Uucno marueHToB, KOTOPBIM TPeOyeTcsl IeUeHHEe aHTUKOATYIITHTaMH, OYeHb BENTUKO. JTUTEIbHOE UCTIONB30Ba-
HHE aHTUKOATYJISTHTOB ITOKA3aHO MAIIMEeHTaM ¢ TPOMO030M INTyOOKMX BEH /MM TPOMOO3MOOIIHEH JIETOUHOM apTepnH,
a TaKKe IPU HEKOTOPBIX JAPYTUX COCTOSHUAX. [[pUMeHeHe aHTUKOATyJISTHTOB CBSI3aHO C HECOMHEHHBIM YJTyUIlICHUEM
MIPOTHO3a, MPEAOTBPALICHHEM TPOMOOIMOOIMUYECKIX OCIIOKHEHUH M YMEHBIICHHEM CMEPTHOCTH TAI[HEHTOB.

The number of patients who require anticoagulant treatment is very high. Long-term use of anticoagulants is
indicated for patients with deep vein thrombosis and/or pulmonary embolism, as well as in some other conditions.
The use of anticoagulants is associated with an undoubted improvement in prognosis, prevention of thromboembolic
complications and a decrease in patient mortality.

Knrouegvle cnosa: renapuH, GoHAAApUHYKC, pUBapokcadbaH, BaphapiH, KBAHTOBO-XUMHUECKOE MOJICITHPOBAHHE,
OpaJIbHBIC AaHTUKOATYJISTHTHL.
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PaboTa mocBsIeHa H3y4eHUI0 (PU3UKO-XUMHUIECKUX U OMOJIOTMYECKUX CBOMCTB aHTUKOATY/ISTHTOB: TeraprHa, (hoH-
JlarapuHyKca, puBapokcadbana 1 BappapHHa.

AHTHKOAryIsIHTBI TOPMO3ST MOsIBICHNE HUTEH (puOprHa 1 CrIOCOOCTBYIOT MPEKPAIIEHUIO POCTa YK€ BOZHUKIINX
TPOMOOB, ITPOTUBOJCHCTBYS BIMSHNIO TpoMOMHA Ha (GUOpUH. VX eyt Ha 1B IPYNIIBI: aHTUKOATYJISIHTBI TIPsIMbIE (B3a-
MMOJICHCTBYIOIIME HEMOCPEACTBEHHO € (h)aKTOPaMHU CBEPTHIBAHUS KPOBH), 3G(PEKTUBHBIC in Vitro M in vivo (TemapuH,
puBapokcabaH, GpoHIANaAPUHYKC); aHTHAKOATYJISTHTHI HETIPsIMble (aHTaroHUCThl BUTamMuHa K) — IumuTensHoro neicTus,
JIEHCTBYIOT TOJIBKO i1 Vivo W TIOCIIE JIATCHTHOTO rieprona (Bapdapus) [1].

OnHuM U3 Hanbosee PacTIpOCTPAHEHHBIX MPENapaToB B MEUITMHCKON MPAKTHKE T TTPOGIIIAKTHKY U JISICHUS TPOM-
0030B 1 AMOOIHIT sIBJIsIeTCs renaprH. JlaHHBI npenapar cesi3biBaetest anTUTpoMOmHOM 111 (AT III), BRI3BIBacT KOH(pOpPMa-
IIMOHHBIC M3MCHEHHS B MOJICKYJIE 1 YCKOPSIET KOMIUICKCHPOBAHNE C CEPHHIIPOTEa3aM1 CHCTEMBI KOAaryJIsILiiH; B Pe3yibTare
Onokupyercst TpoMOUH, (pepMEHTaTHBHASI aAKTHBHOCTh aKTUBHPOBAHHBIX (pakTopoB IX — XII, mna3muHa 1 kayummkpenHa [1].

B 1utazme kpoBH, TeTapuH HAXOJUTCS B OCHOBHOM B CBSI3aHHOM C O€JTKaMH COCTOSTHIH, HHTCHCHBHO 3aXBaTHIBACTCS
SHJIOTEIHATBEHBIMH KJICTKaMH ¥ KJIIETKAMH MOHOHYKJIEapHO-MaKpo(araJbHOH CUCTEMBI, YTO SBIIIETCS IPUIMHON N3MEH-
YUBOTO aHTHKOATYSTHTHOTO JCHCTBUS Tpernapara. | emapiuH CHIKaeT BA3KOCTh KPOBH, YMEHBIIIAET IPOHUIIAEMOCTH COCY-
JIOB, CTUMYJIMPOBaHHYIO OpaJMKMHUHOM, THCTAMHHOM M JIPYI'MMH SHIOTCHHBIMH (DaKTOpaMH, U IPEISITCTBYET, TAKUM 00-
pa3oM, pa3BUTHIO cTa3a. DPPEKTHBHOCTh YCHINBACTCS alleTHIICATMIIMIOBOM KUCIIOTOMH, IEKCTPAHOM, TETPALUKIMHAMH,
(enmnOyTazoHom, nOyNpodeHoM, HHIOMETAIIMHOM, Bap(apuHOM, AUKYMapHHOM (TIOBBIIIAETCS PHCK KPOBOTEUECHHH),
ocIa0IsieTcst — CepACUHBIMH TIIMKO3UJaMH, aHTUTUCTAMUHHBIMH TIpETiapaTaMy, STaKPHHOBOH KUCIIOTOH [2].
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