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Abstract. The paper provides an overview of the use of various betulin derivatives. There are
represented conclusions of in-silico research of betulin, betulinic acid, betulinic diacetate,
allobetulinol. There has been used OSIRIS software for in silico analysis PASS, Molinspiration.
Obtained results of the study show that after summarizing of all forecasts betulin and betulinic
acid are potential compounds for getting more efficient and active products for producing of
antitumor pharmaceuticals. Betulin diacetate is proper according to various theoretic terms but
has a high probability to be an irritant mediator. Also, this substance shows the worst compliance
with Lipinski rule. According to PASS forecast all the investigated compounds have substantial
prospect to be used as the basis for producing new highly effective anticancer pharmaceuticals.
Keywords: botulin, betulin diacetate, betulinic acid, allobetulinol, in silico, PASS, Molinspiration,
OSIRIS Property Explorer, Lipinski rule.
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Introduction. In pharm chemistry, natural substances and their derivatives are widely used when
developing new preparations. One of them is the basic constituent of birch bark - betulin - lupane
alcohol. It has substantial synthetic abilities and a multiplicity of pharmacologic influences, which
makes it a prospective compound for synthesis of N-containing cyclic compounds with a different
types of bioactivity [1-10]. The triterpenoids of a lupan series are interesting for researchers because
of the wide range of their biomedical features and availability of the natural compounds: betulin,
betulinic and betulonic acids, betulin aldehyde, beta-sitosterol and suberin  [11, 12, 21-27, 13-20].

In the study [28] several betulin acyl derivatives were synthesized and their antiviral activity against
influenza A (H7N1), herpes simplex type I (VGP-I), ESNO 6 and HIV-1 was studied in comparison
with previously synthesized acylates and initial terpenoids. It was found that betulin and betulinic
acid acylates in general do not have an advantage in inhibiting the reproduction of all the viruses
used in comparison with betulinic acid, at the same time, the structural modification of the C3 and
C28 positions of the triterpene backbone allows to slightly change the spectrum of antiviral action.

The cytotoxicity of N - ethyl-and N-methylpiperazinylamides of betulinic and glycyrrhetic acids
against human embryonic kidney cells HEK293, lung adenocarcinoma A-549, breast carcinoma MCF-
7, neuroblastoma SH-SY5Y in vitro experiments was studied [29]. It was found that the obtained
compounds have cytotoxic activity against both conditionally normal cells and cell lines of tumor
origin. There is a more pronounced ability of betulinic acid amides to suppress the viability of tumor
cells compared to N-ethylpiperazinylamide of glycyrretonic acid.

The conducted experiments [30] clearly indicate that the mechanism of antitumor action of amides
and betulonic acid dipeptide is associated with a decrease in the expression of the Cyclin D1 gene in
human leukemic cells CEM and MOLT-4, which leads to inhibition of cell division and subsequent
apoptosis. The authors also found that under the influence of the studied compounds, the level of
hTERT mRNA in leukemic cells decreases. According to the results obtained, one of the mechanisms
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of antitumor action of the studied derivatives of plant triterpenes is inhibition of the expression of the
hTERT gene. inhibition of this gene expression has been shown to lead to a loss of telomerase activity,
which is likely to lead to telomere loss and chromosomal instability, which can also induce apoptosis.

The authors of the study [31] have shown that betulonic acid amides are more active antitumor
agents in vitro than betulinic acid (p <0.05), the mechanism of antitumor action of which is associated
with the induction of apoptosis. One of the mechanisms is carried out through Fas receptors (CD95)
belonging to the family of tumor necrosis factor (TNF) receptors that activate caspase-8, while the
other pathway involves cytochrome c, Apaf-1 and caspase-9. The leading role in starting this pathway
is played by the family of proteins Bcl-2. The different expression of these proteins and their binding
proteins allows for very fine regulation of apoptosis.

The authors [32] studied the cytotoxic activity of 35 new betulinic acid derivatives in vitro, 50 %
cytotoxic and inhibitory doses of which were in the ranges from 3.6 + 1.3 to 98.2 + 1.8 and from 0.69
+ 0.3 to 125.6 + 3.1 microns, respectively. The apoptosis-inducing effect of the studied betulinic acid
derivatives in human leukemia cells in culture was found. It was found that the greatest inducing
effect (apoptosis is manifested in 27% of cells after 72 hours of incubation) is caused by the compound
G-49 amide of betulinic acid. The most active derivatives of betulonic acid, which have high cytotoxic
activity and induce apoptosis in MT-4 cells, increase the expression of Bcl-2 genes by 2-3 times, Cyclin
D1-by 4-9 times. The mechanism of the apoptosis activation pathway by betulinic acid derivatives
cannot be determined unambiguously and probably depends on the specific experimental conditions.

Induction of apoptosis under the action of betulin, betulinic acid and their derivatives, as a rule, is
associated with the following [33]:

1) with direct regulation of the mitochondrial apoptotic pathway and impaired mitochondrial
membrane potential;

2) release of cytochrome c from mitochondria into the cytosol;

3) increase in activated forms of polyribose polymerase, DNA fragmentation.

4) activation of initiator and effector caspases (3, 8 and 9).

The authors of the review study [34] discuss the prospects for the use of triterpenoids of the lupan
series in medical practice. Among the native compounds, betulinic acid is of particular importance
- a highly effective anti-cancer agent and an inhibitor of enterovirus ESNO6. The most promising
semi-synthetic derivatives of the lupane series include amides, ureides, dipeptides and acylates of
betulinic, betulonic and 3-oximinobetulonic acids, which have high anti-HIV activity, pronounced
antitumor and organ protective effects. it is shown that the production of biologically active additives
with betulin extract is actively developing.

Thus, in this work results of in silico study of betulin and its derivatives: betulinic acid, betulin
diacetate, allobetulinol are presented. The analysis was carried out for revealing more predominant
basic compound for development of biologically active derivatives with anticancer action.

Materials and Methods. Studied chemicals and their structures are given in Table 1.

Structural formulas and mol files generated using open internet resource http://molview.org/.

IUPAC and systematic names of studied compounds generated with ChemDrawUltra from
CambridgeSoft.

PASS prediction carried out at web site http://pharmaexpert.ru/PASSonline/predict.php.

Molinspiration properties were taken from https://www.molinspiration.com/cgi-bin/properties
with SMILES for generation models of molecules.

OSIRIS Property Explorer program by the link https://www.organic-chemistry.org/prog/peo/ was
used for analysis of properties of obtained compounds.

Results and Discussion

1. PASS prediction of anticancer properties

The PASS program used for prediction of anticancer activity of the studied structures (Table 2). It
was defined that all the compounds have high possibility for antitumor activity 92.5 - 95.2%. Between
directions of cancer betulin is more active against melanoma with 90.3% of probability, betulinic acid
shows more activity against melanoma and lung cancer (80.0% and 81.5%), betulin diacetate is more
specific to melanoma (88.9%), allobetulinol is effective against colorectal cancer (92.0%).
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Table 1
Studied preparations

No | Name Structural formula

1 |Betulin

Systematic name Lup-20(29)-ene-33,28-diol

Canonical SMILES
CC(=C)C1CCC2(C1C3CCCAC5(CCC(C(CHCCCH(C3(CC2)C)O)(O)O)O)C)
CcO

2 | Betulinic acid

Systematic name (33)-3-Hydroxy-lup-20(29)-en-28-oic acid

Canonical SMILES
CC(=C)C1CCC2(C1C3CCCACH(CCC(C(CHCCCH(C3(CC2)O)O)N(O)O)0O)O)
C(=0)O

3 | Betulin diacetate

Systematic name (3beta)-Lup-20(29)-ene-3,28-diyl diacetate

Canonical SMILES
CC(=C)CICCC2(CIC3CCC4C5(CCC(C(ChCee4(c3(ce2)0)O)o)0)
OC(=0)C)C)COC(=0)C
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4 | Allobetulinol

ITUPAC name (1R,4aR,6aR,6bR,8aR,10S,12aR,12bR,14aR, 14bR)-
2,2,6a,6b,9,9,12a-heptamethylicosahydro-1H-1,4a-(epoxymethano)picen-

10-0l

Canonical SMILES
CC1(CCC23CCC4(C(C2C10C3)CCCHCA(CCCHCH(CCC(Ch

©O0O)O)O)O)C

Results of PASS antitumor activity forecasting

Table 2

No | Structure

Anticancer activity (Pa, %)

1 |Betulin

0.540 Anticarcinogenical

0.633 Antimetastatical

0.948 Antineoplastical

0.903 Antineoplastical (melanoma)

0.858 Antineoplastical (colorectal cancer)

0.853 Antineoplastical (colon cancer)

0.833 Antineoplastical (lung cancer)

0.803 Antineoplastical (breast cancer)

0.785 Antineoplastical (ovarian cancer)

0.737 Antineoplastical (cervical cancer)

0.698 Antineoplastical (thyroid cancer)

0.661 Antineoplastical (endocrine cancer)

0.596 Antineoplastical (carcinoma)

0.403 Antineoplastical (pancreatic cancer)

0.275 Antineoplastical (squamous cell carcinoma)
0.276 Antineoplastical (lymphocytic leukemia)
0.239 Antineoplastical (glioblastoma multiforme)
0.236 Antineoplastical (liver cancer)

0.181 Antineoplastical (glioma)

0.158 Antineoplastical (lymphoma)

2 | Betulinic acid

0.493 Anticarcinogenical

0.624 Antimetastatical

0.925 Antineoplastical

0.230 Antineoplastical (brain cancer)
0.724 Antineoplastical (breast cancer)
0.550 Antineoplastical (carcinoma)
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0.670 Antineoplastical (cervical cancer)

0.789 Antineoplastical (colon cancer)

0.794 Antineoplastical (colorectal cancer)

0.620 Antineoplastical (endocrine cancer)

0.164 Antineoplastical (glioblastoma multiforme)
0.160 Antineoplastical (liver cancer)

0.815 Antineoplastical (lung cancer)

0.158 Antineoplastical (lymphocytic leukemia)
0.800 Antineoplastical (melanoma)

0.708 Antineoplastical (ovarian cancer)

0.413 Antineoplastical (pancreatic cancer)

0.272 Antineoplastical (squamous cell carcinoma)
0.661 Antineoplastical (thyroid cancer)

3 | Betulin diacetate 0.514 Anticarcinogenical

0.573 Antimetastatical

0.952 Antineoplastical

0.812 Antineoplastical (breast cancer)

0.648 Antineoplastical (carcinoma)

0.773 Antineoplastical (cervical cancer)

0.876 Antineoplastical (colon cancer)

0.879 Antineoplastical (colorectal cancer)
0.690 Antineoplastical (endocrine cancer)
0.238 Antineoplastical (glioblastoma multiforme)
0.178 Antineoplastical (glioma)

0.210 Antineoplastical (liver cancer)

0.859 Antineoplastical (lung cancer)

0.295 Antineoplastical (lymphocytic leukemia)
0.144 Antineoplastical (lymphoma)

0.889 Antineoplastical (melanoma)

0.835 Antineoplastical (ovarian cancer)

0.389 Antineoplastical (pancreatic cancer)
0.173 Antineoplastical (renal cancer)

0.301 Antineoplastical (squamous cell carcinoma)
0.735 Antineoplastical (thyroid cancer)

4 | Allobetulinol 0.460 Anticarcinogenical

0.623 Antimetastatical

0.950 Antineoplastical

0.213 Antineoplastical (brain cancer)

0.573 Antineoplastical (breast cancer)

0.715 Antineoplastical (carcinoma)

0.395 Antineoplastical (cervical cancer)

0.917 Antineoplastical (colon cancer)

0.920 Antineoplastical (colorectal cancer)

0.724 Antineoplastical (endocrine cancer)

0.160 Antineoplastical (glioblastoma multiforme)
0.227 Antineoplastical (liver cancer)

0.883 Antineoplastical (lung cancer)

0.154 Antineoplastical (lymphoma)

0.551 Antineoplastical (melanoma)

0.318 Antineoplastical (multiple myeloma)

0.373 Antineoplastical (non-Hodgkin’s lymphoma)

BECTHMK EHY umenu A.H. Tymunesa. Cepus Guorozuseckue ayu Ne 3(132)/2020 61
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



Computer analysis of the antineoplastic activity of betulin derivatives

0.168 Antineoplastical (non-small cell lung cancer)
0.866 Antineoplastical (ovarian cancer)

0.328 Antineoplastical (pancreatic cancer)

0.178 Antineoplastical (renal cancer)

0.202 Antineoplastical (squamous cell carcinoma)
0.773 Antineoplastical (thyroid cancer)

2. Molinspiration analysis

The Molinspiration is used to define key properties of bioactivity of organic compounds based on

their structures (Table 3).

Table 3

Parameters of studied compounds computed with Molinspiration
Property Betulin Betulinic acid | Betulin diacetate | Allobetulinol
An octanol-water partition
coefficient miLogPp 7,16 7,04 8,45 7,23
polar surface area TPSA 40,46 57,53 52,61 29,46
Number of atoms 32 33 38 32
Molecular mass MW 442,73 456,71 526,80 442,73
Hydrogen bond acceptors
(all nitrogen or oxygen 2 3 4 2
atoms) nON
Hydrogen bond donors
(the total number of
nitrogen-hydrogen  and 2 2 0 1
oxygen-hydrogen bonds)
nOHNH
Number of violations of
Lipinski rule nviolations 1 1 2 !
S;?;ber of rotating bonds 5 ’ 6 0
Volume 469,86 472,04 542,89 465,32

We have checked compliance of studied structures with various rules and indicators for possibility
of structures to be used as drugs (Lipinski rule, bioavailability, Ghose filter, lead likeness, Muegge
filter, Veber filter). The result of the analysis is shown in the Table 4.

Table 4
Drug likeness parameters of studied compounds in compliance with various rules
Drug likeness Betulin Betulinic acid | Betulin diacetate | Allobetulinol
Lipinski rule 80.0% 80.0% 60.0% 80.0%
Bioavailability 85.7% 85.7% 71.4% 85.7%
Ghose 75.0% 75.0% 50.0% 50.0%
Lead likeness 80.0% 60.0% 60.0% 80.0%
Muegge 85.7% 85.7% 85.7% 85.7%
Veber filter 100.0% 100.0% 100.0% 100.0%
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Betulin diacetate passes through fewer filters and is the least proper structure for creation of
bioactive derivatives for production of pharmaceuticals. Contrarily betulin is more proper. Betulinic
acid also has prospects to be a convenient origin for creation more active derivatives.

The Molinspiration program was applied for computing bioactivity score (Table 5). Typically, the
less value of bioactivity score a substance shows, the more active it in that field. It is well-known,
that generally anticancer pharmaceuticals are good kinase inhibitors, so this effect is an appropriate
criterion for prediction of antitumor activity of biopreparations. From the table all the studied
compounds show activity as a kinase inhibitor. The most active is betulinic acid with bioactivity score
for Kinase inhibitor of -0.50. The least active kinase inhibitor is allobetulinol.

Table 5
Molinspiration analysis of bioactivity score
Bioactivity Betulin Betulinic acid | Betulin diacetate | Allobetulinol
GPCR ligand 0,21 0,31 0,10 0,21
Ton channel modulator -0,04 0,03 -0,08 0,02
Kinase inhibitor -0,41 -0,50 -0,48 -0,24
Nuclear receptor ligand 0,85 0,93 0,66 0,49
Protease inhibitor 0,09 0,14 0,06 0,15
Enzyme inhibitor 0,51 0,55 0,38 0,46

3. OSIRIS Property Explorer analysis

OSIRIS Property Explorer is a program used for obtaining forecasts about toxicity properties
(reproductive effects, irritant, tumorgenicity, mutagenicity) and critical properties of compounds and
analytical criteria as drug-likeness and drug-score computed on the basis of molecule structure. The
data on researched structures obtained with OSIRIS Property Explorer are presented in Table 6.

Drug-likeness shows similarity of investigated compound to general used drugs. Positive drug-
likeness value means that the molecule structure has mostly fragments, which are usually present in
conventional drugs. From this point of view allobetulinol is more prospective with the value of drug
likeness of -1.32.

The drug score combines drug likeness, cLogP, logS, molecular mass and toxicity risks in one
convenient value that may be used to judge overall potential of compound to qualify for a drug [35].

From the point of view of toxicity betulin, betulinic acid and allobetulinol are characterized as a no
risk compounds, betulin diacetate — a medium risk compound.

Table 6

Results of analysis of studied compounds using OSIRIS Property Explorer software
Properties Betulin Betulinic acid | Betulin diacetate | Allobetulinol
Mutagenicity 0 0 0 0
Tumorgenicity 0 0 0 0
Irritant 0 0 1 0
Reproductive effects 0 0 0 0
cLogP 6,72 6,37 7,69 6,31
Solubility -6,3 -6,28 -7,12 -6,49
Molweight 442 456 526 442
TPSA 40,46 57,53 52,6 29,46
Druglikeness -23,93 -21,49 -20,49 -1,32
Drug-Score 0,15 0,15 0,06 0,18
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Conclusion. Thus, research conducted shows that summarizing of all forecasts, betulin and
betulinic acid are prospective compounds for creation more effective semiproducts for obtaining of
antitumor drugs. Betulin diacetate is proper based on various theoretical conclusions but has a high
probability to be an irritant agent. Additionally, it is the least compliant with Lipinski rule. PASS
forecast shows that all the investigated compounds have substantial potential to be used as the origin
for creation of new highly effective anticancer pharmaceuticals.
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H.A. IIlsnexosa, P.3. Cagpapos
A.H. T'ymunres amoindazor Eypasus yammuix ynusepcumemi, Hyp-Cyaman, Kasaxcman

Beryaun TybIHABLAQPBIHEBIH iCiKKe Kapchl OeAceHAiairiH KoMnbIoTepaik Taagay

AnpaaTtmia. Makasaga 6eTyAMHHIH 9pTYpAi TYBIHABLAAPBIH KOAAAHY¥Fa 1104y >Kacadaabl. CoHAali-ak, OeTy-
AVH, 0Ty AVH KBIIIKBLABL, OeTyAIH AVaneTaTsl, a1400eTyANMHOAAB! in silico sepTTey HoTIKeaepi ycbIHBLAFAH. In
silico Taazay ymrin PASS, Molinspiration, OSIRIS 6argapaaMaaapsl K044aHBLAABL 3epTTeyAep KOpCeTKeHel,
HapabIK 60aKaMAapAbl JKMHAKTaFaHHAH KelliH OeTyAMH MeH OeTyAMH KBIIIKBLABI iCiKKe KapChl IIperapaTTapAbl
aay YIIiH TMiMAl >koHe OeaceHAl TyBIHABLAAPABI a4y YIIIH IepCIeKTUBaAbl KYPbLAbIM O0AbII TaOblaaabl. beTy-
AVIH AMalleTaThl KOIITeTeH TeopUsAAbIK >KaFjalldapra colikec Keaeai, Oipak TiTipKeHAIprilll areHT peTiHJAe acep
eTYAiH >KOFaphl BIKTMIMaAABIFBIH KepceTeai. O coHAali-ak, ANIIMHCKUI epesKeciHe eH a3 COMKeCTIKTi KepceTeai.
PASS 6oaxaMBbIH Taaaay HeTiziHAe 3epTTeareH 6apAbIK KYpPhLABIMAAp KaHa >KOFaphl THiMAi icikke Kapchl mpe-
rapaTTapAbl aay YIIIiH HeTi3 peTiHAe MaligalaHy YIOiH aliTapABIKTall 91€yeTKe 1e.

Tyiia ce3aep: OerTyamH, OeTyAMH KBIIIKBIAB, OeTyAMH AuameraTsl, aadodberyaus, in silico, PASS,
Molinspiration, OSIRIS Property Explorer, AurmHckmit epesxxeci.

H./. Illamrexosa, P.3. Cadpapos
Espasuiicxuii nayuonaronuiil yrusepcumem umeru A.H. T'ymuresa, Hyp-Cyaman, Kasaxcman

KOMHbIOTeprIﬁ aHaAn3 HpOTI/IBOOHyXOAeBOﬁ AKTUMBHOCTU 6eTyIH/IHOBhIX IIPOM3BOAHDBIX

Annporamust. B craTbe mpejcraBaeHsl 0030p HpUMeEHeHUs pa3ANJIHbIX IIPOU3BOAHBIX OETyAMHA, a TakXKe
pesyabTartsl in silico nccaeaoBannst 6eTyanHa, OeTy AMHOBOI KUCAOTEL, AualieTaTa OeTyANHa, a1100eTyAnHOAa.
Aas anaan3a in silico 6111 ncrroassosansl mporpamMmmser PASS, Molinspiration, OSIRIS. ITposeaenHsie nccaeso-
BaHI ITOKa3bIBAIOT, YTO I10CAe 0DODIIeHNs BCeX IIPOTHO30B OeTyAMNH U OeTyAMHOBasI KICAOTa SBASIOTCA 1ep-
CHeKTVMBHBIMIU CTPYKTYpaMU AAs IoAydeHus 604ee 9P PeKTUBHBIX M aKTUBHBIX IIPOU3BOAHBIX AASI IIOAYIEHNs
IIPOTUBOOIIYXOAEBBIX ITpernapaTos. duareraT 6eTyAnHa ABASETCS IIOAXOASIINM MICXOAS 13 MHOTUIX TeopeTuyde-
CKIX YCAOBUIL, HO ITOKa3bIBA€T BBICOKYIO BEPOATHOCTh BO3AEVICTBISI B KauecTse pasApa’kalolero areHra. Tak-
>Ke OH IIpOsIBAseT HalIMeHbIllee COOTBeTCTBIe Npasnuay JAnmnmHckoro. Ha ocHose aHaamsa rpornosa PASS sce
M3YyJeHHble CTPYKTYPBL 001a4ai0T 3HAUUTEABHBIM IIOTEHI[MAAOM AAS MCIIOAB30BAHUS B KaueCTBe OCHOBBI A5
II0Ay4Y€HNs HOBBIX BBICOKOD(PEKTUBHEIX IIPOTIBOOIIYXOAEBEIX IIpeIlapaToB.

Karouesnbie caoBa: OeTyauH, OeTyAnMHOBas KICAOTa, AuaneTar OeTyamnHa, aa100etyanHo4, in silico, PASS,
Molinspiration, OSIRIS Property Explorer, mpasnao AummHckoro.

References

1. Dehelean C.A,, Soica C., Ledeti I., Aluas M., Zupko I., G Luscan A., Cinta-Pinzaru S., Munteanu M.
Study of the betulin enriched birch bark extracts effects on human carcinoma cells and ear inflammation.
Chemistry Central journal, 6(1), 137(2012).

2. AlvarengaN., Ferro E.A. Bioactive Triterpenes and Related Compounds from Celastraceae. ChemInform,
36, 635-702(2005).

3. Kuznetsova S.A., Skvortsova G.P,, Maliar LN., Skurydina E.S., Veselova O.F. Extraction of betulin from
birch bark and study of its physico-chemical and pharmacological properties. Russian Journal of Bioorganic
Chemistry, 40(7), 742-747(2014).

66 Ne 3(132)/2020 A.H. Tymunes amoindazot EYY Xabaputeicol. Buorozusvi 2oautmdap cepuscot
ISSN(Print) 2616-7034 eISSN 2663-130X



N.L. Shapekova, R.Z. Safarov

4. Krol SK., Kietbus M., Rivero-Miiller A., Stepulak A. Comprehensive review on betulin as a potent
anticancer agent. BioMed research international, 2015, 584189(2015).

5. Kuznetsova S.A., Kuznetsov B.N., Skvortsova G.P,, Vasilieva N.Y., Skurydina E.S., Kalacheva G.S.
Development of the Method of Obtaining Betulin Diacetate and Dipropionate from Birch Bark. Chemistry for
Sustainable Development, 18, 265-272(2010).

6. Dehaen W.,, Mashentseva A.A., Seitembetov T.S. Allobetulin and its derivatives: synthesis and biological
activity. Molecules (Basel, Switzerland), 16(3), 2443-2466(2011).

7. Kuznetsova S.A., Kuznetsov B.N., Malyar Y.N., Skurydina E.S., Skvortsova G.P., Pen R.Z., Chesnokov
N. V,, Khanchich O.A. Optimization of the Production Process of Biologically Active Betulin Diacetate from Raw
and Activated Birch Bark. Theoretical Foundations of Chemical Engineering, 52(4), 664-669(2018).

8. Dang Z.,, Lai W,, Qian K., Ho P, Lee K.-H., Chen C.-H., Huang L. Betulinic acid derivatives as human
immunodeficiency virus type 2 (HIV-2) inhibitors. Journal of medicinal chemistry, 52(23), 7887-7891(2009).

9. Boreko E.L, Pavlova N.L, Savinova O. V, Nikolaeva S.N., Flekhter O.B., Pyzhova N.S., Nikandrov V.N.
Inhibition of virus reproduction and proteinase activity by lupane and some other terpenes. News Biomed Sci,
3, 86(2002).

10. Platanov V.G., Zorina A.D., Gordon M.A., Chizhov N.P, Balykina L. V, Mikhailov Y.D., Ivanen D.R,,
Kvi TK., Shavva A.G. Triterpenoid antiviral activity against influenza A and B viruses. Pharm. Chem. J., 29, 42-
46(1995).

11. Baltina L.A., Flekhter O.B., Nigmatullina L.R., Boreko E.I, Pavlova N.I.,, Nikolaeva S.N., Savinova O.
V, Tolstikov G.A. Lupane triterpenes and derivatives with antiviral activity. Bioorganic & medicinal chemistry
letters, 13(20), 3549-3552(2003).

12.  Flekhter O.B., Karachurina L.T., Poroikov V. V., Nigmatullina L.R., Baltina L.A., Zarudii E.S., Davydova
V.A., Spirikhin L. V., Baikova L.P,, Galin F.Z., Tolstikov G.A. Synthesis of the lupane group triterpenoids and
there hepatoprotective activity. Bioorganicheskaia khimiia, 26(3), 215-223(2000).

13. de Sa M.S,, Costa ]J.F.O., Krettli A.U., Zalis M.G., Maia G.L. de A., Sette LM.F., Camara C. de A., Filho
J.M.B., Giulietti-Harley A.M., Ribeiro dos Santos R., Soares M.B.P. Antimalarial activity of betulinic acid and
derivatives in vitro against Plasmodium falciparum and in vivo in P. berghei-infected mice. Parasitology
Research 105(1), 275-279(2009).

14. Steele ].C.P, Warhurst D.C., Kirby G.C., Simmonds M.S.J. In vitro andIn vivo evaluation of betulinic
acid as an antimalarial. Phytotherapy Research, 13(2), 115-119(1999).

15. Oliveira Costa J.F., Barbosa-Filho ].M., de Azevedo Maia G.L., Guimaraes E.T., Meira C.S., Ribeiro-dos-
Santos R., Pontes de Carvalho L.C., Soares M.B.P. Potent anti-inflammatory activity of betulinic acid treatment
in a model of lethal endotoxemia. International Immunopharmacology, 23(2), 469-474(2014).

16. Gautam R., Jachak S.M. Recent developments in anti-inflammatory natural products. Medicinal
Research Reviews, 29(5), 767-820(2009).

17.  Flekhter O.B., Karachurina L.T., Nigmatullina L.R., Sapozhnikova T.A., Baltina L.A., Zarudii E.S., Galin
F.Z., Spirikhin L. V, Tolstikov G.A., Plyasunova O.A., others. Synthesis and pharmacological activity of betulin
dinicotinate. Russian Journal of Bioorganic Chemistry, 28(6), 494-500(2002).

18. DPisha E., Chai H., Lee L-S., Chagwedera T.E., Farnsworth N.R., Cordell G.A., Beecher CW.W., Fong
H.H.S., Kinghorn A.D., Brown D.M., Wani M.C., Wall M.E., Hieken T.J., Das Gupta T.K., Pezzuto ].M. Discovery
of betulinic acid as a selective inhibitor of human melanoma that functions by induction of apoptosis. Nature
Medicine, 1(10), 1046-1051(1995).

19. ZhangX., Hu]J., Chen Y. Betulinic acid and the pharmacological effects of tumor suppression. Molecular
Medicine Reports, 14(5), 4489-4495(2016).

20. FuldaS. Betulinic Acid for cancer treatment and prevention. International journal of molecular sciences,
9(6), 1096-1107(2008).

21. Drag-Zalesinska M., KulbackaJ., Saczko J., Wysocka T., Zabel M., Surowiak P., Drag M. Esters of betulin
and betulinic acid with amino acids have improved water solubility and are selectively cytotoxic toward cancer
cells. Bioorganic and Medicinal Chemistry Letters, 19(16), 4814-4817(2009).

22. BacheM., BernhardtS., Passin S., Wichmann H., Hein A., Zschornak M., Kappler M., Taubert H., Paschke
R., Vordermark D. Betulinic acid derivatives NVX-207 and B10 for treatment of glioblastoma—an in vitro study
of cytotoxicity and radiosensitization. International Journal of Molecular Sciences, 15(11), 19777-19790(2014).

23. Hordyjewska A., Ostapiuk A., Horecka A., Kurzepa J. Betulin and betulinic acid: triterpenoids
derivatives with a powerful biological potential. Phytochemistry Reviews, 18(3), 929-951(2019).

BECTHMK EHY umenu A.H. Tymunesa. Cepus Guorozuseckue ayu Ne 3(132)/2020 67
BULLETIN of L.N. Gumilyov ENU. Bioscience Series



Computer analysis of the antineoplastic activity of betulin derivatives

24. da Silva G.N.S., Primon-Barros M., Macedo A.]J., Gnoatto S.C.B. Triterpene derivatives as relevant
scaffold for new antibiofilm drugs. Biomolecules, 9(2), 229-235(2019).

25. Haque S., Nawrot D.A., Alakurtti S., Ghemtio L., Yli-Kauhaluoma J., Tammela P. Screening and
characterisation of antimicrobial properties of semisynthetic betulin derivatives. PLoS ONE, 9(7), 447-458(2014).

26. Siddiqui S.A., Rahman A., Rahman M.O., Akbar M.A., Ali M.A., Al-Hemaid F.M.A., Elshikh M.S,,
Farah M.A. A novel triterpenoid 16-hydroxy betulinic acid isolated from Mikania cordata attributes multi-faced
pharmacological activities, Saudi Journal of Biological Sciences, 26(3), 554-562(2019).

27. Karachurina L.T., Sapozhnikova T.A., Zarudii E.S., Flekhter O.B., Galin F.Z. Antiinflammatory and
antiulcer properties of betulin bis-hemiphthalate. Pharmaceutical Chemistry Journal, 36(8), 432-433(2002).

28. KazakovaO.B.,Smirnoval. E., BaltinaL.A., BorekoE.I., Savinova O. V., Pokrovsky A. G. Protivovirusnaja
aktivnost” acil'nyh proizvodnyh betulina, betulinovoj i digidrohinopimarovoj kislot [Antiviral activity of acyl
derivatives of betulin], Bioorganicheskaja himija [Bioorganic chemistry]. Pleiades Publishing Ltd, 45(1), 69—
74(2019).

29. Giniyatullina G. V., Avzaloval. I, Buranbayeva A. S., Zileeva Z. R., Ivanova T. V. Sintez i citotoksichnost’
N-jetil/metilpiperazinilamidov betulinovoj i glicirretovoj kislot [Synthesis and cytotoxicity of N-ethyl/
methylpiperazinylamides of betulinic and glycyrrhetic acids], Doklady Bashkirskogo universiteta[Reports of
the Bashkir University.Bashkir State University], 4(6), 608-612(2019).

30. Shintyapina A. B., Borisov V. L, Shultz E. E. Issledovanie protivoopuholevogo mehanizma dejstvija
betulinovoj kisloty i ee proizvodnyh in vitro [Investigation of the antitumor mechanism of action of betulinic
acid and its derivatives in vitro], Sibirskij onkologicheskij zhurnal [Siberian Journal of Oncology]. No SI,
138-139(2008).

31. Pokrovskii A.G., Shintyapina A.B., Pronkina N. V., Kozhevnikov V.S., Plyasunova O.A., Shul'ts E.E,,
Tolstikov G.A. Activation of apoptosis by derivatives of betulinic acid in human tumor cells in vitro , Dokl
Biochem. Biophys. 407(1), 94-97(2006).

32. Slepukhina A. A., Pustylnyak V. O., Antimonova A. N., Petrenko N. I, Shultz E. E., Pokrovsky A. G.
Osobennosti antineoplasticheskogo dejstvija proizvodnyh betulinovoj kisloty in vitro[Features of antineoplastic
action of betulinic acid derivatives in vitro], Vestnik Novosibirskogo gosudarstvennogo universiteta. Serija:
biologija, klinicheskaja medicina [Bulletin of Novosibirsk State University. Series: biology, clinical medicine].
9(1), 21-29(2011).

33. Vorobyeva O.A., Malygina D.S., Grubova E. V., Melnikova N.B. Betulin derivatives. biological activity
and solubility improvement , Khimiya Rastit. Syr’ya. Altai State University, 4, 407-430(2019).

34. Kazakova O. B., Tolstikov G. A. Medicinskie perspektivy ispol’zovanija triterpenoidov lupanovogo
rjada[Medical prospects for the use of lupan-type triterpenoids]., Himija v interesah ustojchivogo razvitija
[Chemistry for sustainable development]. 16(6), 727-730(2008).

35. Drug Score - Osiris Property Explorer [Electronic resource]. Available at: https://www.organic-
chemistry.org/prog/peo/drugScore.html (Accessed: 08.10.2019).

ABTOpAap Typaabl MdaiMeT:

ITonexosa H.A. — MeAULIMHAABIK FBLABIMAAPBIHBIH AOKTOPBI, IIpodeccop, JKapaTblablCTaHy FBLABIMAAPEL
¢Jaxkyarrerinig Aexansl, /A.H. I'ymuaes atsinaarsl Eypasus yarTteik yHmsepcureti, Kaskpimykan xermeci 13,
Hyp-Cyaran, Kasakcran.

Cagapos P.3. — KOppeCHOHAEHITNS YIIiH aBTOP, XMMIs FRLABIMAAPBIHBIH KaHAMAATHL, XuMus Kadespac-
BIHBIH JOLIEHT M.a., TexHoaornsaap TpancdepTi >xodaablK KeHceciHin Oacrorrsl, /.H. ['ymuaes areingars Eypa-
3ust yATTHIK yHusepcuteti, Cotbaes komteci 2, Hyp-Cyaran, Kasakcran.

Shapekova N.L. — Doctor of Medicine, Professor, Dean of the Faculty of Natural Sciences, L.N. Gumilyov
Eurasian National University, 13 Kazhymukan str., Nur-Sultan, Kazakhstan.

Safarov R.Z. — corresponding author, Candidate of Chemical Sciences, Assoc. Professor of Department of
Chemistry, Head of the Technologies Transfer Project office, L.N. Gumilyov Eurasian National University, 2
Satpaev str., Nur-Sultan, Kazakhstan.

68 Ne 3(132)/2020 A.H. Tymunes amoindazot EYY Xabaputeicol. Buorozusvi 2oautmdap cepuscot
ISSN(Print) 2616-7034 eISSN 2663-130X



