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Isolation and biological evaluation of roseofungin
and its cyclodextrin inclusion complexes

Roseofungin belongs to polyene antibiotics which is more active and less toxic comparing other polyenes of
this group. Roseofungin was isolated from Actinomyces roseoflavus var. Roseofungini using different chro-
matographic techniques and for the first time, the complexation of roseofungin with a-, - and y-cyclodextrin
derivatives was performed. The binding patterns of the resulted complexes were studied in silico using mo-
lecular docking techniques. The best binding mode was for roseofungin against y-CD with an affinity value of
-42.98 kcal/mol. The proposed binding mode of roseofungin against o-CD showed unusual interaction with
an affinity value of -41.80 kcal/mol. Also, roseofungin bonded to B-CD with a binding affinity value of
-35.03 kcal/mol. The antiradical and cytotoxic activities of roseofungin and its obtained a-, B- and y-cyclo-
dextrin complexes were determined. The antiradical activity was performed using butylhydroxyanisole as a
reference, while the cytotoxic activity was determined using Arfemia salina crustaceans. As a result of the
biological activity study, it was found that roseofungin and some of its complexes have weak antiradical
activities.

Keywords: roseofungin, cyclodextrin, in silico, molecular docking, complexation, antiradical activity, cyto-
toxicity.

Introduction

The development of modern industries and the rapid growth of the population in the past 50 years set
the task of searching for new renewable resources: food sources, biofuels, medicines, cosmetics and hygiene
products, which will undoubtedly lead to increased interest in natural renewable resources.

At the present time, the Republic of Kazakhstan does not have any its own drug that has antibacterial
and anti-infective effect. The pharmaceutical industry of the Republic of Kazakhstan mainly produces galena
preparations, as well as consumable medical devices such as masks, gloves, syringes, etc. The pharmaceuti-
cal and medical industry of the Republic of Kazakhstan has a big task to increase the share of domestic man-
ufacturers in the market to 50 % in the next 20 years. It is planned to modernize existing and build new
pharmaceutical enterprises in the framework of the investment projects, to ensure the implementation of
quality production standards in the pharmaceutical enterprises and to provide this industry with highly quali-
fied staff.

In Kazakhstan, specialists of the Institute of Microbiology and Virology, al-Farabi Kazakh National
University and South Kazakhstan state University named after M. Auezov are engaged in the search and
study of new antibiotics, increasing the activity of produced known antibiotics. Thus, the broad-spectrum
antifungal polyene antibiotic roseofungin was obtained for the treatment of deep and superficial mycoses.
The spectrum of action of this antibiotic was found to be much broader than other known antifungal
drugs [1, 2].

The antifungal ointment rosentein® is a roseofungin 2 % ointment which was developed by the Institute
of pharmaceutical biotechnology of the National Center of Biotechnology of the Republic of Kazakhstan [3].
The strong antiviral activity of roseofungin against influenza and parainfluenza viruses was proven be-
fore [4, 5].

From a chemical point of view, the roseofungin molecule is of great interest, since there are several re-
action centers in the molecule that make it possible to obtain various derivatives.
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The relevance of this work lies in the lack of research and sufficient production of domestic antibiotics.
The purpose of the work was to obtain new derivatives of the antibiotic roseofungin and to study their
physical, chemical and biological properties.

Experimental

1. Isolation of roseofungin (1)

An aqueous micelle (56.52 g) (the micelle was obtained from the culture fluid Actinomyces roseoflavus
var. Roseofungini, Stepnogorsk, Kazakhstan) was treated twice with acetone. After that, the solution was
filtered out using a vacuum pump. The resulting filtrate (acetone layer) was evaporated at 30-35 °C on a
rotary evaporator. The remaining concentrate (orange color) was extracted with n-butanol. Then the butanol
layer was washed three times with 100, 50, 50 ml of 1 % aqueous solution of sodium hydroxide, and then
twice with 100 ml of water. After separation, the butanol layer was evaporated at 42 °C on a rotary
evaporator. A precipitate was formed when 200 ml of diethyl ether was added. The precipitate was filtered
out in a vacuum. 0.71 g of raw rosecofungin was obtained as a result. The mass was 0.69 g after drying in a
vacuum concentrate. The roseofungin raw material was purified by gel filtration on Sephadex LH-20.

2. Obtaining roseofungin / cyclodextrin complexes

2.1. Obtaining roseofungin complex with a-cyclodextrin (2)

0.05 g of a-cyclodextrin was placed in the crucible, a mixture of solvents (C,HsOH: H,O, 1: 1) was
added, and 0.05 g of roseofungin (1) was added. The reaction was performed for 2 hours. Then the
suspension was left inside the desiccator overnight. After the obtained complex (2) was dried in vacuum to
constant mass. The mass of the compound (2) was 0.07 g, and the melting point was 210 °C (decomp.).

"l;he peaks of IR spectra were fixed at 696, 777, 1015, 1148, 1559, 1653, 2025, 2159, 2925, 3351 (neat,
v,cm’).

2.2. Obtaining roseofungin complex with B-cyclodextrin (3)

0.05 g of B-cyclodextrin was placed in the crucible, a mixture of solvents (C,HsOH: H,O, 1: 1) was
added, and 0.05 g of roseofungin (1) was added. The reaction was performed for 2 hours. Then the
suspension was left inside the desiccator overnight. After the obtained complex (3) was dried in vacuum to
constant mass. The mass of the compound (3) was 0.098 g, and the melting point was 179 °C (decomp.).

The peaks of IR spectra were fixed at 668, 695, 777, 795, 1026, 1419, 1436, 1457, 1472,1507, 1521,
1540, 1559, 1636, 1653, 1684, 1717, 1734, 2024, 2158, 2360, 2922, 3629, 3649, 3675, 3744, 3735, 3853
(neat, v, cm™).

2.3. Obtaining roseofungin complex with y-cyclodextrin (4)

0.05 g of a-cyclodextrin was placed in the crucible, a mixture of solvents (C,HsOH: H,O, 1: 1) was
added, and 0.05 g of roseofungin (1) was added. The reaction was performed for 2 hours. The suspension
was then left inside the desiccator overnight. After the obtained complex (4) was dried in vacuum to constant
mass. The mass of the compound (4) was 0.13 g, and the melting point was 200 °C (decomp.).

The peaks of IR spectra were fixed at 695, 777, 795, 940, 1023, 1419, 1457, 1507, 1521, 1540, 1559,
1636, 1653, 1684, 1700, 1717, 1734, 2023, 2159, 2360, 2925, 3335, 3629, 3649, 3675, 3735, 3744, 3853
(neat, v, cm™).

3. Determination of antiradical activity

3 ml of 6*10~° M radical solution was added to 0.1 ml of the studied alcohol solutions in the concentra-
tion range of 0.1; 0.25; 0.5; 0.75 and 1.0 mg ml™' to determine the inhibition of 2,2-diphenyl-1-picrylhydrazyl
radical (DPPH). The test tubes were in a tripod wrapped in black plastic. After intensive mixing, the solu-
tions were left in the dark for 30 minutes, then the optical densities were measured at 520 nm wavelength.
The antiradical activity (ARA) value of the studied objects were determined by the formula (1):

APA (%)= Ag— A,/ Ap * 100, (1)
where A, — is the optical density of the control sample; A; — is the optical density of the working sample.

The optical density of the studied compounds was measured at 520 nm using the Cary 60 UV-Vis de-
vice. The obtained antiradical activity was compared with the antiradical activity of butylhydroxyanisole
(BHA) [6]. The optical density of the studied solutions, calculated by the formula 1, are shown in Table 1.

4. Determination of cytotoxicity

The cytotoxic activity was determined by a well-known method using Artemia salina crustaceans.
Artemia is one of the standard organisms for testing the toxicity of chemical substances.
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The flask was filled with artificial seawater and 200 mg of Artemia salina eggs were added. It was kept
for 3 days with a soft supply of air, until the crustaceans were hatched from the eggs. One side of the tube
was covered with aluminum foil, and 5 minutes later, the larvae that gather on the bright side of the flask
were removed with a Pasteur pipette.

20—40 larvae were placed in 990 ml of seawater in each of 30 test tubes. The number of dead larvae was
counted under a microscope. 10 ml of dimethylsulfoxide solution (DMSO) was added to 10 mg ml" of the
sample. The test substance was used as a comparison drug. Only 10 ml of DMSO was added for negative
control. The number of dead larvae were counted under a microscope after 24 hours of incubation [7].

Mortality P was determined by the following formula (2):

P=(A-N-B)/Z*100, 2)
where A — is the number of dead larvae after 24 h; N — is the number of dead larvae before the test; B — is
the average number of dead larvae in negative control; Z — is the total number of larvae.

3 solutions were prepared with different concentrations of each substance.

5. Docking studies

5.1. Preparation of the a-, B-, and y-cyclodextrin (CD) structure

The 3D crystal structures of the a-, B-, and y-CD were extracted from the cyclo/maltodextrin/alpha-
cyclodextrin complex, beta-amylase/ beta-cyclodextrin complex, and glycogen phosphorylase B/gamma
cyclodextrin complex, respectively. These complexes were retrieved from RCSB Protein Data Bank with
PDB IDs of 2ZYM (resolution 1.80 A), 1BFN (resolution 2.07 A), and 1p2g (resolution 2.30 A), respective-
ly. The docking analyses were performed using Discovery Studio 4.0 software to evaluate the free energies
and binding mode of roseofungin molecule with the core site of a-, B-, and y-CD. The most promising poses
were selected depending the increased binding free energy (AG) [8—10].

The 3D crystal structures of a-, B-, and y-CD were prepared by selecting o, B, and y CD subunits and
removing protein and all water molecules, heteroatoms and co-factors. Moreover, the correction of uncor-
rected valence atoms and crystallographic disorders were performed using alternate conformations and va-
lence monitor options. Then, the a-, B-, and y-CD were protonated and its inflexibility was obtained by creat-
ing fixed atom constraint. Next, the energy was minimized by applying CHARMM (Chemistry at HARvard
Macromolecular Mechanics) force fields, and MMFF94 (Merck Molecular force field) force field for charge
and partial charge, respectively [11]. The binding sites of the a-, B-, and y-CD were defined as receptor mol-
ecules and prepared for docking.

5.2. Preparation of ligand

The 2D structure of roseofungin molecule was sketched using ChemBioDraw Ultra 14.0 and saved in
MDL-SD file format. Then, the SD file was opened (by Discovery studio 4.0 software) and protonated.
Force fields were applied on the molecule to get lowest energy minimum structure via CHARMM and
MMFF94 force fields for charge and partial charge, respectively. Then, each of them was prepared for dock-
ing by applying ligand preparation protocol.

5.3. Docking simulation

The docking is a technique that can reliably predict the preferred configuration of one molecule relative
to another molecule when they are bound to each other to form a stable complex. The evaluation of generat-
ed poses was mainly based on the number of interactions they formed with the residues of active site upon
binding [12-15].

The molecular docking of roseofungin was performed using CDOCKER protocol which is an imple-
mentation of the CDOCKER algorithm [16]. CDOCKER is a grid-based molecular docking method that em-
ploys CHARMM-based molecular dynamics (MD) scheme to dock ligands into a receptor binding site [17].
The default values were selected for the CDOCKER protocol. The CDOCKER energy (receptor-ligand in-
teraction energy) of best docked poses was calculated [18, 19].

Results and Discussion

We worked out extracts of culture fluid and prepared a condensed extract. The antibiotic roseofungin
was extracted twice from the wet mycelium with acetone under neutral reaction. The extracts were separated
from the mycelium, combined, and the solvent was distilled in a vacuum. From the aqueous residue the anti-
biotic roseofungin was extracted with butanol.

Butanol extract was separated, washed several times first with sodium hydroxide, then with water. The
extract was evaporated in vacuum and the antibiotic roseofungin was precipitated by diethyl ether. The sed-
iment was filtered, washed with ether and dried in a vacuum.
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Subsequently, the roseofungin raw material was purified by gel filtration on Sephadex LH-20. Spirit
eluates corresponding to the lemon-yellow zone were combined and stored in a vacuum. The sediment was
filtered out, washed several times with ether, and dried. Amorphous lemon-yellow powder was ob-
tained [20].

At the next stage of separation of the antibiotic roseofungin mixture, column chromatography was used,
and the isolated fractions were once again purified by chromatography. The mixture of separated antibiotics
was stored in an inert medium (argon) due to instability in light and air.

In order to obtain new derivatives, we carried out the complexation of roseofungin (1) with
cyclodextrins. Cyclodextrins are macrocyclic compounds with a natural carbohydrate structure.
Cyclodextrins contain molecules including a cylindrical plane.

It contains glucose residues connected by B-1,4-glycosidic bonds. Cyclodextrins differ depending on the
number of monomers a-, -, y- and others. All the hydroxyl groups in the molecule are located on the outer
surface of the molecule. Therefore, the inner cavity of cyclodextrins is hydrophobic.

Roseofungin (1) interacted with a-cyclodextrin by the friction method. This is how the molecule (2)
was formed. The compound (2) was powdery, with m.p. 210 °C (decomp.).

Next, the roseofungin molecule (1) interacted with B-cyclodextrin. Compound (3) was obtained, it was
powdery, with m.p. 179 °C (decomp.).

Compound (4) was obtained as a result of the interaction of roseofungin with y-cyclodextrin. The syn-
thesized compound (4) was powdery, with m.p. 200 °C (decomp.).

The optical density of the studied solutions, depending on the concentration, was measured on a spec-
trophotometer at the 520 nm wavelength. The optical density of the studied solutions, calculated by formu-
la 1, are shown in Table 1.

Table 1
Changes in the optical density of the studied solutions with changes in concentration
Optical density values by concentration (mg ml™)
No Studied substances
0.1 0.25 0.5 0.75 1.0

1 |Butylhydroxyanisole (BHA) | 0.1362+0.0000 | 0.133340.0000 | 0.1257+0.0000 | 0.1202+0.0000 | 0.1145+0.0000
2 |R-ACD (2) 0.6485+0.0100 | 0.6415+0.0000 | 0.6481=0.0000 | 0.6849+0.0000 | 0.6849+0.0000
3 |R-BCD (3) 0.7358+0.0000 | 0.7550+0.0320 | 0.7583+0.0000 | 0.7601+0.0000 | 0.7604+0.0000
4 |[R-GCD (4) 0.7335+0.0141 | 0.7428+0.0000 | 0.7577+0.0000 | 0.7666+0.0000 | 0.7665+0.0000
5 |Roseofungin (Roseof-1) (1) | 0.6364=+0.0000 | 0.6062+0.0000 | 0.5781+0.0000 | 0.5764+0.0223 | 0.5631+0.0264

The antiradical activity of the studied solutions was compared with the antiradical activity of
butylhydroxyanisole (BHA). The antiradical effect values of the studied extracts, calculated by the formula
1, are shown in Table 2.

Table 2
Antiradical activity (%) at different concentrations
Concentration (mg ml™)
No Studied substances
0.1 0.25 0.5 0.75 1.0
1 |Butylhydroxyanisole (BHA) 80.82 81.23 82.30 83.08 83.88
2 |[R-ACD (2) 12.03 12.98 12.09 7.09 7.09
3 |R-BCD (3) 8.97 6.59 6.19 5.96 593
4 |[R-GCD (4) 9.26 8.10 6.26 5.16 5.17
5 |Roseofungin (Roseof-1) (1) 12.94 17.07 20.92 21.15 22.97

The graphical dependence of the change in the studied substances antiradical activity on the change in
concentration is shown in the Figure 1.
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Figure 1. Dynamics of antiradical activity when the concentration of substances changes

Based on the analysis of data from tables and graphs, it can be seen that the substances R-ACD (2),
R-BCD (3), R-GCD (4) and roseofungin (1) have very low antiradical activity compared to HPA.

The cytotoxic activity of the obtained complexes roseofungin (2-4) was studied. The results of
cytotoxic activity of roseofungin derivatives are presented in Table 3.

Table 3
Results of cytotoxic activity of roseofungin derivatives
Number of lar- Number of larvae % of sur- .
Concen- . . . % of surviv- .. | The presence of’
Test sub- . vae in control in the sample viving lar- |. .| Mortality, .
tration, . ing larvae in neurotoxicity,
stances Kl vae in con- A, %
mgml™ | surv. | dead | surv. | dead | par. trol the sample %
10 22421 | 1+£0.0 |25+£2.6| 1£0.7 | 0+0.0 96 96 0 0
R-ACD (2) 5 2242.1| 1+£0.0 |23+1.6| 1+0.7 | 0+0.0 96 96 0 0
1 2242.1| 1+£0.0 |22+2.5| 0+0.0 | 0+0.0 96 96 0 0
10 22421 | 1+£0.0 |23+£2.5| 1£1.0 | 0+0.0 96 96 0 0
R-BCD (3) 5 22421 | 1+£0.0 |25+£2.1| 1£1.0 | 0+0.0 96 96 0 0
1 22421 | 1+£0.0 |26+2.1| 1£0.7 | 0+0.0 96 96 0 0
10 22421 | 1+£0.0 |26+2.5| 3+1.6 | 0+0.0 96 89 7 0
R-GCD (4) 5 2242.1| 1+£0.0 |21+1.7] 3+1.6 | 0+0.0 96 88 8 0
1 22421 | 1+£0.0 |26+3.0| 24+2.1 | 0+0.0 96 93 3 0

It can be assumed on the basis of conducted experiment, that complexes of cyclodextrins with
roseofungin at all concentrations did not show cytotoxicity.

Docking technique was used to investigate the binding pattern of roseofungin with the a-, -, and
v-cyclodextrin. The a-, B-, and y-CD cavities are O-shaped structures consisting of 6, 7, and 8 glucose unites,
respectively.

Firstly, roseofungin exhibited ideal binding mode with - and y-CD, where roseofungin was buried in-
side the B- and y-CD. These roseofungin involved in hydrogen bond network with glucose unites of B, and
v-CD. On the other hand, the binding mode of roseofungin against a« CD was unusual, where the a-CD con-
sists from 6 glucose subunits forming too small cavity to receive the bulk structure of roseofungin. While the
cavities of both - and y-CD were large enough to ingest roseofungin.

The proposed binding mode of roseofungin against a-CD revealed an affinity value of -41.80 kcal/mol.
Although the good binding affinity, the binding mode was not good at all. The a-CD was impeded inside the
cavity of roseofungin, forming many interactions. Roseofungin has different hydroxyl and carbonyl groups
which made eight hydrogen bonds with the different hydroxy groups of glucose subunits (Figures 2-8).

Contrastively, roseofungin bonded to B-CD with a binding affinity value of -35.03 kcal/mol. The
roseofungin was impeded inside the cavity of B-CD and made several important interactions. The different
hydroxyls and carbonyls of roseofungin made five hydrogen bonds with the hydroxyls of glucose subunits
(Figures 9-15).
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Figure 2. Docked pose Figure 3. Docked pose of Figure 4. Docked pose of Figure 5. Surface view

of best ranked docking best ranked docking score best ranked docking score of a-CD inside the
score of roseofungin of roseofungin (sticks) of roseofungin (sticks) cavity of roseofungin
(sticks) with a-CD with a-CD (sticks) with a-CD (CPK) (top view)
(sticks) (front view) (top view) (top view)

Figure 6. Surface view of a-CD Figure 7. Surface view of a-CD Figure 8. Surface view of a-CD
inside the cavity of roseofungin inside the cavity of roseofungin inside the cavity of roseofungin
(top view) (front view) (front view)

Figure 9. Docked Figure 10. Docked pose Figure 11. Docked pose Figure 12. Surface view of
pose of best ranked of best ranked docking of best ranked docking roseofungin inside the cavi-
docking score of score of roseofungin score of roseofungin ty of B-CD (top view)
roseofungin (sticks) (sticks) in the inner cavi- (sticks) in the inner cavi-
in the inner cavity ty of B-CD (sticks) ty of B-CD (CPK)
of B-CD (sticks) (top view) (top view)

(front view)

Figure 13. Surface view of Figure 14. Surface view of Figure 15. Surface view of
roseofungin inside the cavity roseofungin inside the cavity roseofungin inside the cavity
of B-CD (top view) of B-CD (front view) of B-CD (front view)

40 Bulletin of the Karaganda University



Isolation and biological evaluation of roseofungin ...

Fortunately, the expected binding mode of roseofungin against y-CD was the best with an affinity value
of —42.98 kcal/mol. The roseofungin was impeded perfectly inside the cavity of y-CD, forming many essen-
tial interactions. Roseofungin’s hydroxyls and carbonyls could form ten hydrogen bonds with the hydroxyls

of glucose subunits (Figures 16-22).

:11
Figure 16. Docked Figure 17. Docked pose Figure 18. Docked pose Figure 19. Surface view of
pose of best ranked of best ranked docking of best ranked docking roseofungin inside the cav-
docking score of score of roseofungin score of roseofungin ity of y-CD (top view)
roseofungin (sticks) (sticks) in the inner cavi- (sticks) in the inner cavi-
in the inner cavity of ty of y-CD (sticks) ty of y-CD (CPK)
v-CD (sticks) (top view) (top view)
(front view)
by TR P‘Qf“ ¢
s Bop
LSO T
Figure 20. Surface view of Figure 21. Surface view of Figure 22. Surface view of
roseofungin inside the cavity roseofungin inside the cavity roseofungin inside the cavity
of y-CD (top view) of y-CD (front view) of y-CD (front view)

This finding indicated that the binding of roseofungin with y-CD is more advantageous.
Conclusions

Thus, roseofungin was isolated by chromatographic methods, also, its a-, -, and y-cyclodextrin inclu-
sion complexes were obtained. The results of the docking studies indicate that the complex of roseofungin
with y-CD is more advantageous. As a result of studying the biological activity, it was found that
roseofungin and its cyclodextrin complexes have weak antiradical activity and not toxic.

Acknowledgments

This research has been funded by the Science Committee of the Ministry of Education and Science of
the Republic of Kazakhstan (Grant No. AP 05130941).

References

1 Ocunosa H.J. BerepunapHo-caHuTapHasi OLEHKA IPOJIYKTOB YKUBOTHOTO MPOMCXOXKIEHHUS, COACPIKAIIUX AHTHOMOTHKH /
H.J. Ocunosa // Berepunapusi. Ped. sxypa. — 2010. — Ne 3. — C. 503.

2 Cay6enoBa M.I'. loctiwkenuss Mucrturyra mukpobuonorun u Bupycosornd KH MOH PK / M.I'. Cay6enoBa // BectH.
KasHYV. Cep. 6uon. — 2012. — Ne 4. — C. 6-8.

3 Waksman S.A. The species concept in relation to the Actinomycetes / S.A. Waksman // The Actinomycetes. Classification,
Identification, and Description of Genera and Species, Waverly Press, Inc., Baltimore. — 1961. — Vol. 2. — P. 15-18.

CHEMISTRY Series. No. 4(100)/2020 41



R.I. Jalmakhanbetova, Ye.M. Suleimen et al.

4 Ilneiinep M.A. Bupycunrubupyroiiye cBocTBa KapOOHHI-KOHBIOTHPOBAHHOTO NeHTaeHa po3eodynruna / M. A. Ineiinep,
E.b. llltuns6anc, JI.A. PaukoBckast, JI.A. Betnyruna, E.T. Hukuruna / Autubuoruku. — 2012. — T. 29, Ne 5. — C. 344-349.

5 Epmaxosa O.C. AHTHBHpYCHBIE CBOMCTBa IEHTaeHOBOTO aHTHOMOTHKA po3eodynruHa / O.C. Epmakosa, B.I1. Toamauesa,
C.B. JleBanpnosckast, C.C. Xynsakosa, A.I1. borossnenckuii, H.P. Maxmynosa u ap. // Knunudueckass MUKpOOHOJIOT Ul U aHTUMHUKPOO-
Has xumuorepanua. — 2001. — Ne 3. — C. 13.

6 Suleimenov Ye.M. Components of Peusedanum morisonii and their antimicrobial and cytotoxic activity / Ye.M. Suleimenov
// Chemistry of Natural Compounds. — 2009. — Vol. 45, No. 5. — P. 710-711.

7 Sawant O. In vitro free radical scavenging activity of Adiantum lunulatum / O. Sawant, V.J. Kadam, R. Ghosh // Journal of
Herbal Medicine and Toxicology. — 2009. — Vol. 3, No. 2. — P. 39-44.

8 Ibrahim M.K. Design, synthesis, molecular modeling and anti-hyperglycemic evaluation of novel quinoxaline derivatives as
potential PPARy and SUR agonists / M.K. Ibrahim, et al. / Bioorganic & medicinal chemistry. — 2017. — Vol. 25, No. 4. —
P. 1496-1513.

9 Eissa [.LH. Design and discovery of novel quinoxaline derivatives as dual DNA intercalators and topoisomerase II inhibitors /
L.H. Eissa, et al. // Anti-Cancer Agents in Medicinal Chemistry (Formerly Current Medicinal Chemistry-Anti-Cancer Agents). —
2018. — Vol. 18, No. 2. — P. 195-209.

10 Ibrahim M.K. Design, synthesis, molecular modeling and anti-hyperglycemic evaluation of quinazolin-4 (3H)-one derivatives
as potential PPARy and SUR agonists / M.K. Ibrahim, et al. // Bioorganic & medicinal chemistry. — 2017. — Vol. 25, No. 17. —
P. 4723-4744.

11 Roux B. CHARMM: the biomolecular simulation program / B. Roux, et al. // J] Comput Chem. — 2009. — Vol. 30, No. 10.
— P. 1545614 Capriotti.

12 Elmetwally S.A. Design, synthesis and anticancer evaluation of thieno[2,3-d]pyrimidine derivatives as dual EGFR/HER?2 in-
hibitors and apoptosis inducers / S.A. Elmetwally, et al. // Bioorganic chemistry. — 2019. — Vol. 88. — P. 102944.

13 Mahdy H.A. Design, synthesis, molecular modeling, in vivo studies and anticancer evaluation of quinazolin-4(3H)-one de-
rivatives as potential VEGFR-2 inhibitors and apoptosis inducers / H.A. Mahdy, et al. // Bioorganic Chemistry. — 2020. — Vol. 94.
— P. 103422.

14 El-Naggar A.M. Design, eco-friendly synthesis, molecular modeling and anticancer evaluation of thiazol-5(4H)-ones as po-
tential tubulin polymerization inhibitors targeting the colchicine binding site / A.M. El-Naggar, et al. / RSC Advances. — 2020. —
Vol. 10, No. 5. — P. 2791-2811.

15 Li N. Screening of Some Sulfonamide and Sulfonylurea Derivatives as Anti-Alzheimer’s Agents Targeting BACE! and
PPARy/N. Li, et al. / Journal of Chemistry. — 2020. — P. 19.

16 LiD.-D. Discovery of 6-substituted 4-anilinoquinazolines with dioxygenated rings as novel EGFR tyrosine kinase inhibitors /
D.-D. Li, et al. // Bioorganic & medicinal chemistry letters. — 2012. — Vol. 22, No. 18. — P. 5870-5875.

17 Sun J. Design, synthesis, biological evaluation, and molecular modeling study of 4-alkoxyquinazoline derivatives as potential
VEGFR?2 kinase inhibitors / J. Sun, et al. // Organic & biomolecular chemistry. — 2013. — Vol. 11, No. 44. — P. 7676-7686.

18 El-Gamal K.M. Synthesis, docking, QSAR, ADMET and antimicrobial evaluation of new quinoline-3-carbonitrile deriva-
tives as potential DNA-gyrase inhibitors / K.M. El-Gamal, et al. // Journal of Molecular Structure. — 2018. — Vol. 1166. — P. 15—
33.

19 Tbrahim, M., et al. (2018). Design, synthesis, molecular modeling and anti-proliferative evaluation of novel quinoxaline de-
rivatives as potential DNA intercalators and topoisomerase II inhibitors / M. Ibrahim, et al. // European journal of medicinal chemis-
try. — Vol. 155. — P. 117-134.

20 Sadanov A.K. Isolation and characterization of "brown impurity" accompanying the antibiotic rozeofungin / A.K. Sadanov,
A.S. Balgimbaeva, L.P. Trenozhnikova, V.E. Berezin // News of the national academy of sciences of the Republic of Kazakhstan.
Series: biological and medical. — 2015. — No. 2. — C. 97-100.

P.U. XKanmaxanberosa, E.M. Cyneiimen, 1.X. Diica, A.M. Meryanu, XK.b. Mckakosa,
J1.C. bannanos, I'.¥'. Cucenramuena, P.A. Xannanos, T.M. CelinxaHos

Po3zeodgyHrunai okmaynay xoHe OMOTOTHSIBIK Oarasay
’KOHE OHbIH HMKJIOJAEKCTPUH/I €HTi3y KeleHaepi

Po3eodyHIHH MOJIMEH aHTHOMOTHKTEPIHE KaTa/bl, OJ1 OCHI TONTHIH 0acka IOJMCHACPIMEH CaJbICTHIPFaHIa
OenceHni jkoHE a3 YBITTHL. Po3eodyHrHH op Typni XpoMmarorpadusuibIK OAICTEpAl KOJNJaHa OTBIPHIT
Actinomyces roseoflavus var Roseofungini-ieH OKIIayJIaHFaH jKOHE alFall PeT o-, 3- )KOHE Y-LUKIOACKCTPHH
TYBIHABUIAPEIMEH PO3€O(YHTMHHIH KEIISHIl TY31LMyl KYPTi3inii. ANBIHFaH KeIICHIEPIiH OaillaHBICTHIPY
3aHIBUIBIKTApbl i silico MOJNEKynajlblK MOKHHI ONICTEpPiH KOJIIaHa OTBIPBIN 3epTTenii. EH kakchl
GaitnanpICTRIPY pexknmi —42,98 Kkay/Moib KaKbIHIBIK MOHI 6ap y-CD-re kapchl po3eo(yHrHH yIIiH O0JIbI.
Poseodynrunai a-CD-meH OaillaHbICTBIPYABIH YCBIHBUIFAH ofici >KakbHABIK MoHI —41,80 Kkay/mMoib
GonmateiH epekuie opekerrecyni kepcerti. CoHbiMeH Kartap, po3eodynrun B-CD-men OGailnaHbICTBIH
JKaKbIHABIK MoHI —35,03 kKan/Moib apKpuibl Oaitnanbicanbl. Po3eo)yHTHHHIH jKOHE OHBIH alblHFAH o-, [3-
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JKOHE Y-LUKIOACKCTPHH/II KEeLICHASPiHIH paJiKaifa KapChl XKOHE LUTOYBITTBUIBIK OSICEHAIr aHbIKTa/IbL.
Panukanra kapchl GeJCEHIUTIK ATANOH PeTiHAe OyTHUITHAPOKCHAHN3O0JIb KOJIJaHy apKbLIbl JKYPri3iiii, an
LHUTOYBITTBUIBIK OCICeHALNIK Artemia salina wasiH Tapi3ainepAi KOJIaHy apKbLIbl TaObUIAbI. BHOIOTHSIIBIK
OEJICeHMUTIKTI 3epTTey HOTWXKECIHAE po3eo(QyHTMHHIH KOHE OHBIH KeHOip KemleHAepiHiH onci3
AHTUPAIUKAJIBI OCICEHALTIr 0ap eKeHIIr aHBIKTANIBI.

Kinm ce30ep: po3eodyHTHH, UUKIOACKCTPUH, in silico, MONEKYNaJbIK JOKWUHT, KOMILUICKC Ty3Iy,
AHTUPATUKAIIBI OCJICEHAUTIK, IUTOYBITTHUIBIK.

P.U. JIxxanmaxan6eroBa, E.M. Cyneiimen, 1.X. Diica, A.M. Meryanu, XX.b. Mckakosa,
J.C. bannanos, I'.I'. Cucenranuesa, P.A. Xannanos, T.M. Cefinxadnos

Broinesenue u Omosiornyeckasi oneHka po3eoyHruHa
U ero NMKJI0JeKCTPUHOBbIC KOMILICKCHI BKJIIOYEHHS

Po3eodyHrun OTHOCHTCS K NOJIMEHOBHIM aHTHOMOTHKAM M SIBIISIETCS 0oJiee aKTHBHBIM U MEHEEe TOKCHIHBIM
IO CPAaBHEHUIO C JAPYIHMH IIOJMEHaMH 3TOoH rpymnsl. PoseodyHruH Obul BblIeneH u3 Actinomyces
roseoflavus var. Roseofungini ¢ WCIOJb30BaHUEM DPa3JIMYHBIX XPOMAaTOrpa)MuecKUX METONOB. ABTOpaMH
BIIEpBbIe OBUIO IPOBEJCHO KOMIUIEKCOOOpa30BaHHME DPO3CO(QYHIMHA C IPOM3BOIAHBIMH 0-, - M Y-LHKIO-
JexkcTpuHa. IlaTTepHbI CBA3bIBaHMS MOTYYEHHBIX KOMIUIEKCOB OBIIM H3Y4eHBI in silico ¢ MCTMOIb30BaHUEM
METOJIOB MOJIEKYJSIPHOTO JOKHMHTa. Hamrydmmii pexxum cBs3pIBaHUS OBUT It po3eo¢yHruHa npotus y-CD
co 3HaueHueM apduaaoctH —42,98 xKan/moib. [IpemtoxkeHHbIH criocod cBs3bBanus po3eodyHruHa ¢ o-CD
ToKa3aJl HeoOBIYHOE B3amMozeicTBre co 3HadeHHeM ad¢urHocTH —41,80 KKkan/mons. Kpome Toro, poseo-
¢yurun csaseBaercs ¢ B CD co 3HaueHneM addunnoCTH cBA3bIBaHMA —35,03 KKan/Moib. OnpeseneHa aHTH-
pajuKanbHas M LUTOTOKCHYECKas aKTMBHOCTb PO3€O(YHI'MHA M HOJYYCHHBIX €ro o-, B- U Y-LUKIOAEK-
CTPUHOBBIX KOMIUIEKCOB. AHTHPAIUKAJIbHYI0 aKTUBHOCTh OIpEEISUIH MCIONb3ysl B KauecTBE 3TalloHa Oy-
THITUIPOKCUAHU30I, @ IUTOTOKCHYECKYI0 aKTUBHOCTh — Ha pakooOpasHbIX Artemia salina. B pesynbrate
UCClIeIoBaHNsl OMOTIOTUUECKOH aKTHBHOCTU OBIJIO YCTAaHOBJIEHO, YTO PO3€O(YHTHH U HEKOTOPBIE €TO KOM-
TUTEKCHI 00JIalafoT c1aboi aHTHPaIUKAIFHOH aKTUBHOCTBIO.

Knioueswvie cnosa: po3eodyHruH, TUKIONEKCTPHH, in silico, MOTIEKYIAPHBIN JOKUHT, KOMIIEKCOOOpa3oBaHue,
AHTHpaJUKaNbHask aKTHBHOCTD, IMTOTOKCUYHOCTb.
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