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CYCLODEXTRIN INCLUSION COMPLEXES
OF PHARMACEUTICALLY ACTIVE DERIVATIVES
OF THE CYTISINE ALKALOID AND
THEIR HEMORHEOLOGICAL ACTIVITY

G.K. Mukusheva* ', Zh.B. Satpayeva *,
Ye.V. Minayeva *, Zh.S. Nurmaganbetov %, Z.T. Shulgau ®,
A.R. Zhasymbekova *, O.A.Nurkenov %, T.M. Seilkhanov*

Karaganda Buketov University, Karaganda, Kazakhstan
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Abstract: The alkaloid cytisine is of great importance for modern pharmacological
studies. This alkaloid can be used as a component of the supramolecular system with
cyclic oligosaccharides, namely B-cyclodextrins, which have a truncated cone-shaped
molecule with internal protons H3 and HS5 and external ones H2 and H4. The aim of the
work is to obtain inclusion complexes of pharmaceutically active derivatives of the
alkaloid cytisine. The inclusion complexes of cytisine alkaloid derivatives with -CD and
2-HP-B-CD were obtained by the coprecipitation method. Thermogravimetric, differential
thermal, and differential scanning calorimetric analyzes were performed. It was shown
that inclusion complexes of substrate with cyclodextrin cavity of receptors were formed.
The greatest change in the chemical shifts of protons during the formation of supra-
molecular complexes occurs with the internal protons H-3 and H-5 of the cyclodextrin
cavity. All calculated values are in good agreement with experimental data. The prepa-
ration of supramolecular complexes has been proven using a variety of physicochemical
methods of analysis. According to DSC data, the process of complexes destruction in the
temperature range of 30-610°C was studied in comparison with the data of the initial
cyclodextrin. The hemorheological effects of the investigated samples were studied in
vitro. Among four samples studied, two samples showed the ability to reduce blood
viscosity in vitro in the blood hyperviscosity model.

Citation: Mukusheva G.K., Satpayeva Zh.B., Minayeva Ye.V., Nurmaganbetov Zh.S.,
Shulgau Z.T., Zhasymbekova A.R., Nurkenov O.A., Seilkhanov T.M. Cyclodextrin
inclusion complexes of pharmaceutically active derivatives of the cytisine alkaloid and
their hemorheological activity. Chem. J. Kaz., 2021, 4(76), 72-84. DOI:
https://doi.org/10.51580/2021-1/2710-1185.50
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1. Introduction

The alkaloid cytisine is of a great interest for modern pharmacology [1, 2]. It
is promising to use this alkaloid as a component of the supramolecular system
(substrate) with cyclic oligosaccharides, namely B-cyclodextrins [3, 4] (receptors),
which have a truncated cone-shaped molecule with internal protons H3 and H5
and external ones H2 and H4. The possibility of including the active substance in
the B-cyclodextrin capsule is due to hydrophobic interactions between the
biologically active substance and the complexing agent. The application of the
complexation method for obtaining clathrates of biologically active substances
(BAS) with cyclodextrins will increase the water solubility of hydrophobic and
poorly soluble substances, their bioavailability, and chemical stability. It
contributes to protection against biodegradation and reduction of toxicity [5-9].
This will extend the half-life of the active ingredient and, therefore, reduce the
dose of the medicine used. The synthesis of the starting compounds of substrates
1-4 was described earlier in the works [10-11].

s
r I
N—C—C:C—© N—C—NH—C—C=CH

O 3 &}

The shape, size, and geometric complementarity of the interacting
components play a significant role in supramolecular chemistry; therefore, B-CD
and its 2-hydroxy derivative, 2-hydroxypropyl-p-CD were used to obtain
inclusion complexes with substrates (1-4). In order to obtain inclusion complexes
(1-4) of cytisine alkaloid derivatives with B-cyclodextrins, we chose the copre-
cipitation method, since that method was simple and easy to carry out.
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Thus, a saturated solution of B-cyclodextrin in water was added dropwise to a
concentrated solution of BAS (1, 2) in DMF in a 1: 1 ratio. Then it was stirred
with a magnetic stirrer at a temperature of 50-60°C. The individuality of the
proposed complexes was determined by thin-layer chromatography on Silufol
UV-254 plates in the isopropyl alcohol-25% ammonia-water = 7: 2: 1 system. The
final product was dried at a temperature of 35°C in a vacuum drying at an
atmospheric pressure of 0.4 kgf/cm®. Inclusion complexes (5, 6) of cytisine
derivatives with cyclodextrins were obtained in the powder form. The yield of
products (5, 6) was 72 and 81%, respectively. The inclusion complexes (7, 8) of
compounds (3, 4) with 2-hydroxypropyl-B-cyclodextrin were obtained in a similar
way. The products yields were 79 and 65%, respectively.

HaC
>'_4\ HO>"\O
HO ©
0 9Pr=o- 0, CH H C_(—O P 760 S’O\ CH,
me—( 0% HolHo—< > on "9 Ho | Ho
OH o AS oh 0
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2. Results and discussion

The investigation of supracomplexes with B-CD (5, 6) and 2-HP-B-CD (7, 8)
showed that in both cases, there were formed substrate inclusion complexes (1-4)
into cyclodextrin cavity of the receptors. The greatest change in the chemical
shifts of protons during the formation of supramolecular complexes occurs with
the internal protons H-3 and H-5 of the cyclodextrin cavity [4, 10-12].

IR spectra of inclusion complexes (5-7) are shown in figure 1.
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Figure 1 — IR spectra of inclusion complexes (a—5, b -6, ¢c— 7).
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In the IR spectra of B-cyclodextrin OH-groups appear as a wide characteristic
band in the region of 3310-3320 cm™, the vibrations of the CH bond are recorded
in the region of 887-892 cm™. In the IR spectra of cyclodextrin complexes (5-7),
the main absorption bands of the substrate (1-3) do not appear, since this can be
explained by the screening of the cyclodextrin bands. However, shifts of
absorption bands are observed.

Then, using DSC, it is possible to establish the dependence of the change in
the mass of the synthesized supramolecular inclusion complexes on temperature
(thermogravimetric curve) and accurately determine the maximum burning rate of
the complex from its peak [13-14]. Figure 2 shows the TG / DSC curves of
inclusion complexes (5, 6).
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Figure 2 — TG/ DSC curves of inclusion complexesa—5,b -6, ¢ - 8.

The *H NMR spectrum of compound 8 is characterized by the presence of
the multiplet with the 2H intensity of two H® protons of the heterocyclic nucleus
in the upfield region at 1.86-1.97 ppm. The H° proton resonates as a broadened
singlet at 2.44 as an integral of 1H. Further, a multiplet, corresponding to the
H’ proton and the axial protons H*'® and H™*®, appears in the region of 2.90-
3.40 ppm with an integrated intensity of 3H. Equatorial protons H'** and H"**
appear as a multiplet signal at 4.24-4.65 ppm with an integrated intensity of 2H.
Two protons H' 1% appear as a multiplet in the region of 3.63-3.97 ppm with
integral 2H as a result of spin-spin interaction with each other, as well as spin-
spin splitting through three bonds with the proton H°. Doublet at 6.14 ppm with
an integral of 2H and 3J, 6.1 Hz corresponds to the protons H® and H°. An
unsaturated proton H'® (1H) appears in the resonance region of olefinic protons as
a multiplet at 6.49-6.75 ppm, while the adjacent unsaturated proton H® is
detected together with aromatic protons H'®*?* and a proton H* multiplet in the
lowest-field part of the spectrum at 7.16-7.64 ppm with an integrated intensity
of 7H.

Signals of carbon atoms of heterocyclic rings are observed at 25.95 (C°),
27.86 (C?), 35.13 (C"), 49.05 (C'°), 51.31 (C™), 53.04 (C*), 105.29 (C°), 116.40
(C?), 135.55 (C*), 150.47 (C®) and 162.66 (C?) ppm in the *C NMR spectrum of
compound 8. Signals with chemical shifts at 128.85 and 139.09 ppm correspond
to carbon atoms C' and C™, respectively. The aromatic ring carbons appear at
129.99 (C%), 129.24 (C'*®19%?%) and 141.32-142.17 (C'). Carbonyl carbon atom
C" resonates in the lowest-field part of the spectrum at 165.65 ppm.

The structure of compound 8 was also confirmed by two-dimensional
HMQC (*H-*C) NMR spectroscopy (figure 3), which makes it possible to
establish spin-spin interactions of a heteronuclear nature. Heteronuclear
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interactions of protons with carbon atoms through one bond were established for
the pairs, namely H®-C® (1.96, 26.60), H®-C° (2.44, 28.48), H'-C’ (3.13, 35.65),
H'*.C1%%(3,59, 49.56), H'**-C°*(3.98, 49.58), H>-C>(6.14, 105.76), H>-C3(6.12,

116.82) and H'®192122.C181921.22(7 37 1129 52).

Figure 3 — Scheme of correlations in the HMQC (a) and COSY (b spectra) of the compound 8

The observed correlations in the molecule are shown in figure 3. The
chemical shifts of the 'H and *C nuclei of substrate 4 and complex 8 are

presented in table 1.

Table 1 — Chemical shifts of the *H and 3C nuclei of the substrate (4) and B-cyclodextrin in the free
state (8p) and in the complex 8 (3)

Atom # Group I %. ppm| 8o q 5. |ppm B 1?_18 |8 §gC
Substrate (4)
2 CO - 162.66
3 CH 6.14d,%6.1 Hz | 116.40 6.14 c 116.19 0 -0.21
4 CH 7.31m 135.55 7.31
5 CH 6.14d,%16.1 Hz | 105.29 6.14 ¢ 105.64 0 0.35
6 C - 150.47 - 150.70 - 0.23
7 CH 311m 35.13 3.12 34.68 0.01 -0.45
8ax CH, 1.89m 25.95 1.88 25.56 -0.01 -0.39
8eq 1.94m 1.94 0
9 CH 2.44m 27.86 2.42 28.06 -0.02 0.20
10ax CH, 3.63m 49.05 3.63 49.69 0 0.64
10eq 3.97m 3.97 0
1lax CH, 311m 51.31 3.12 51.21 0.01 -0.10
1leq 4.47m 4.46 -0.01
13ax CH, 311m 53.04 3.12 54.70 0.01 1.66
13eq 4.47m 4.46 -0.01
14 CO - 165.65 - -
15 CH 6.75m 128.85 6.72 128.61 -0.02 -0.24
16 CH 7.12m 139.09 7.14 139.16 0.02 0.17
17 C - 141.32 - -
18,22 CH 7.32m 129.24 7.31 129.51 0.01 0.37
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19,21 CH 7.32m 129.24 7.31 129.51 0.01 0.37
20 CH 7.32m 129.99 7.31 129.99 0.01 0
B-Cyclodextrin
1 CH 4.77s 102.87 477 ¢ 102.37 0 -0.50

2 CH 3.24m 72.87 3.26 72.87 0.02 0

3 CH 3.60 m 73.64 3.58 73.54 -0.02 -0.10
4 CH 3.28m 81.98 3.30 82.99 0.02 0.01
5 CH 3.49m 72.50 3.49 72.52 0 0.02
6 CH, 3.60 m 60.42 3.58 60.39 -0.02 -0.03

Small changes in chemical shifts (Ad = -0.02 - (+0.02) ppm in the proton spectra
of B-CD occurred both in protons H-3 (0.04 ppm) directed towards the interior of
the cyclodextrin cavity, and protons H-2, H-4 and H-6 located on the outer
surface of the cyclodextrin cone. The ethylene fragment protons and H-15 and H-
16, as well as bispidin proton H-9 (Ad = +0.02) ppm have undergone small
changes due to the supramolecular self-assembly of molecules (4) with
cyclodextrin receptors in the substrate molecule.

3. Conclusion

Thus, the analysis of the obtained IR and TG data on the formation of
inclusion complexes confirmed the possibility of obtaining supramolecular
complexes. According to DSC data, the process of complexes destruction in the
temperature range of 30-610°C was studied in comparison with the data of the
initial cyclodextrin itself.

The investigation of the hemorheological effects of the studied substances
samples was carried out in vitro. Syndrome of increased blood viscosity (SIBV)
in vitro was reproduced by incubating blood at 43.0°C for 60 minutes. Blood
viscosity was measured on a Brookfield DV2T rotational viscometer at various
spindle velocities (from 2 to 60 rpm).

After taking blood from laboratory animals (female Wistar rats), the initial
blood viscosity was determined, and then the blood samples were incubated with
the test substances at a temperature of 43.0°C for 60 minutes and then the studied
parameters were measured. The blood was incubated with the test objects
dissolved in physiological saline; the final concentration of the substances was
10-5 g/ml of blood. Blood samples, into which physiological solution in an
equivalent volume was added, served as a control. Incubation of blood for 1 hour
under these conditions was accompanied by the SIBV formation [15].

In experiments on the investigation of the samples hemorheological activity,
it was found that incubation of blood for 60 minutes at a temperature of 43.0°C
leads to a significant increase in blood viscosity at different spindle velocities
from 2 to 60 rpm, which indicates the formation of blood hyperviscosity. Two
samples, namely 8 and 6 showed the ability to reduce blood viscosity among four
samples studied in an in vitro blood hyperviscosity model. The results of samples
5, 7, 8 and 6 screening for the presence of hemorheological activity in the in vitro
blood hyperviscosity model are shown in tables 2-5 and in figures 4-7.

79



XUMHYECKHH )KYPHAJI KA3AXCTAHA

Table 2 — Influence of sample 5 on blood viscosity (mPa*s) at different spindle rotation velocities
on the in vitro blood hyperviscosity model

The investigated Blood viscosity (mPa*s) at different spindle velocity, rom
indicator 2 4 6 8 12 20 40 60
< 3 ) 8 8 8 3 S
Initial viscosity, S = = S S o 1=} 1=
=2 o +I +| +| +| +| +l +|
n= +i ™~ ~ ™ o] N~ N N
< [V — =) @ ™ ~ —
™ ™ ™ ™ N [V} N N
. . ™
Blood viscosity o o o 9 o - b= S
ft h f 24 Lo a3 S S X g o QS NS
after 1 hour o o = 5 = © o = = =
incubationat43°C [F 2  |FS (RS 192 |82 |22 |22 RS
. _ o ~ — — 0 < 5 [T © G
incontrol, n=4  |o I, T L s L L e [ L I A
n o n o < o < o ™ Qo o o oM o™ Qo
Blood viscosity o ~ - -
after Lhourof |52 o E21058 982 (e58 |85 (382 (888
H bati t 43°C - O O - O O - O O - O O - O N - O - O < - O O
Incubation & 1geQ geyN(gemgegged|gec|ge2|ges
i o o o o o o o o o o o o o o o o
sampleswith5, 1@ 7 F ST TSN TN T | TIRTT|IRTTISTT
n=4 N oo (hooldaoaogdaoaoaomaoaoao Mmoo Moo Mmoo

Note: n is the number of samples in the group; p is the level of significance;

pl < 0.05 — statistically significant differences compared to baseline values;

p2 < 0.05 — statistically significant differences compared to the corresponding values i
control samples.

5

Blood viscosity (mPa®*s)

—_—
initial blood viscosity

\\ -

v caontral

Spindle velocity, rpm

Figure 4 — Hemorheological activity of compound 5.
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Table 3 — Influence of sample 7 on blood viscosity (mPa*s) at different spindle rotation velocities
on the in vitro blood hyperviscosity model

The investigated Blood viscosity (mPa*s) at different spindle velocity, rom
indicator 2 4 6 8 12 20 40 60
S S 8 B 3 ) 3 S
Initial viscosity, |5 S S S S S P S
n=2 +l +| +l +l +| +l =+l +|
- [ee] (32} [} < o ™ o (32}
™ ™ N N N N N N
. . N — < N
Blood viscosity o = S . - o = =
aferthourof |88 |88 |88 |88 |93 |88 |28 |28
H H o o o o o o o o o o o o o o o o
incubation at 43°C | § 3 IS IS ¥l S Il S = 1l S A=)
incontrol,n=4 & [T oo &0 (8L |80 |81 |80 |&T
n o < o < < o ™ o ™M o o ™ o
- . o)
Blood viscosity 9 - P =
afterlhourof 1088 a8d|g86|888|z838(g28|g85(|283
H bationat43°C T O - O O - O - O I SO O =] - O O
incu ge@ g2 g igeq|garn|gaen|geg|gan
i o o o o o o o o o o o o o o o o
samples with 7, SN n (U n|QunKnn(nni(§nn(Knunn|unmn
n= 4 - N = - N AN P = N t N - o AN .= N
- n o o <t oo | aoaomMmaoao Mmoo Mmoo Mmoo moo

Note:n is the number of samples in the group; p is the level of significance;

pl < 0.05 — statistically significant differences compared to baseline values;

p2 < 0.05 — statistically significant differences compared to the corresponding values in
control samples.

Blood viscosity {mPa *s)

*
initial blood viscosity

=l

*—.—'—"“'—-—-- control

Spindle velocity, rpm

Figure 5 — Hemorheological activity of compound 7.
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Table 4 — Influence of sample 8 on blood viscosity (mPa*s) at different spindle rotation velocities
on the in vitro blood hyperviscosity model

The investigated | Blood viscosity (mPa*s) at different spindle velocity, revolutions per minute
indicator 2 4 6 8 12 20 40 60
3 s 3 8 2 |8 |8 |
Initial viscosity, |o o o =) o o =) o
_ Tl Tl 1l ol Fl 1l Tl ¥l
n=2 I IS o 3] ~ o < N
lap] — o © < 3] N —
™ ™ ™ N N N N N
Blood viscosity d o ~ d
after 1 hour of m 8 N ~ 5 - ~ — 8 — 8 ~ 8
incubation at 43°C |S S Ng 8 |88 |95 |28 |28 |28
Incupation a 30_ ao_ 30- 30_ ao_ 30_ 30_ ao_
in control, ST 5T AT 0 T =T gﬁ T T
n= 4 - =) - - ) .o ) R )
o o n Qo n o < o < o O o O o O
Blood viscosity < b=y
after 1 hour of 0 I~ 0 o o ™~ o N~ o © S o Bol|w8w
. . (S Lo ~ (e} (e} N - o
incubationat43°C,|® S B (N EQ (283|283 |1e52|ce88|288|288
; 2OS [0 g8 Q o0 Q g0 Q|8 Q|08 o |0S g
sampleswith8, |Hoo |doo|foco|flcoo|ficooc|doo|floos|foo
=4 oo Il <3 = L > | [ - T U > S U A L [ e T
n= N . o N - o— N = N .= N N - = N - N
n o o <t oot oo Mmoo Mmoo Mmoo Mmool Mmoo
Note: n is the number of samples in the group; p is the level of significance;
pl < 0.05 — statistically significant differences compared to baseline values;
p2 < 0.05 — statistically significant differences compared to the corresponding values in
control samples.

Blood viscosity (mPa *s)

L

—
initial blood viscosity
e
cantrol

\ ZhB-6

+

Spindle velocity, rpm

Figure 6 — Hemorheological activity of compound 8.
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Table 5 — Influence of sample 6 on blood viscosity (mPa*s) at different spindle velocity on the in
vitro blood hyperviscosity model

The investigated Blood viscosity (mPa * s) at different spindle velocity, rpm
indicator 2 4 6 8 12 20 40 60
iial viscosity, | g B & |8 |8 [
Initial viscosity, |2 S S S S S S S
n=2 H H H ol H RS & 3
i ] — ] Lo ™ N —
™ ™ ™ N N N N N

Blood viscosity a b S ~ g ~

after 1 hour of 88 88 v |85 |88 |38 |88 (38

incubation at 43°C |3 S = 29 29 39 29 22 22

incontrol,n=4 [ ¢ 27 T 8T 1T 197 2% 2%

o 0 o 0o S o 0 o ] N o o

o o n o < o < o o oM o o o o o

Blood viscosity - .
after 1 hour of ~NS 988 o3 oSN IoN8 (088|838 w88
incubati t43°CF!oo Tod|Joo|@od|QoadlCoo oo @S
Incubation a geS |geelgedigec|gac|gas|gea|gec
samples with Hoo |[Hoo |doo |fooc|lcoo (oo |flcooc|foco
RUn (R0 0[O 0T g0 n|Qn | nnsnn

ZhB'lln:4 - N =\ =] - N =\ - N - N A=\
’ n o o <t oo |l aoaoMmaoa o Mmoo Mmoo Mmoo Mmoo

Note: n is the number of samples in the group; p is the level of significance;

pl < 0.05 — statistically significant differences compared to baseline values;

p2 < 0.05 — statistically significant differences compared to the corresponding values i
control samples.

5

Blood viscosity (mPa *s)

\.\ —
: initial blood

viscosity

+
\ control

Spindle velocity, rpm

Figure 7 — Hemorheological activity of compound 6.
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4. Experimental part

As a result of the studies carried out, inclusion complexes of cytisine alkaloid
derivatives with B-CD and 2-HP-B-CD were obtained. It has been shown that in
both cases, inclusion complexes of the substrate into the cyclodextrin cavity of the
receptors are formed. The preparation of supramolecular complexes has been
proven using a variety of physicochemical methods of analysis. According to
DSC data, the process of complexes destruction in the temperature range of 30-
610°C was studied in comparison with the data of the initial cyclodextrin. The
hemorheological effects of the investigated samples were studied in vitro. Among
four samples studied, two samples, namely 8 and 6, showed the ability to reduce
blood viscosity in vitro in the blood hyperviscosity model.

The *H and *C NMR spectra of the compounds were recorded on a Bruker
DRX500 spectrometer (500 MHz) in DMSO-d6 solution in accordance with the
internal standard, TMS. Chemical shifts are measured relative to residual protons
or carbons of deuterated dimethyl sulfoxide.

The progress of the reaction and the purity of the obtained compounds were
monitored by thin layer chromatography on Silufol UV-254 plates in the iso-
propyl alcohol - ammonia - water 7: 2: 1 system. The plates were developed with
iodine vapors. The reaction products were isolated by column chromatography on
alumina.

Melting points were determined on a Boetius apparatus.

IR spectra were recorded on a spectrometer with a Fourier transform FSM
1201 according to the wavenumber in the range from 4000 to 500 cm ' in KBr
pellets.

Thermogravimetric (TG), differential thermal (DTG), and differential
scanning calorimetric (DSC) analyzes were performed on DTA / DSC equipment
(Labsys EVO, Setaram, France) in a dynamic mode in the temperature range of
30-5000°C at a heating rate of 100°C / min in an atmosphere of nitrogen and air.
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Tyiingeme
HUTU3UH AJTKAJOUIBI TYBIHIABIJIAPBIHBIH ®APMAIEBTUKAJIBIK
BEJCEHAI HUKJIOAEKCTPUHAI KEINEHJIAEPI )KOHE OJIAPABIH
TFEMOPEOJIOTI'UAJIBIK BEJICEHAIJIIKTEPI

I.K. Myxywesa™, JK.B. Camnaesa’, E.B. Munaesa', JK.C. Hypmazantemos®,
3.T. Ulynveay®, A.P. Kacvmbexosa', O.A.Hypkenos®, T. M. Ceunxanos*

L «E.A. Boxemos amwvinoazer Kapazanov memnexemmix ynusepcumemi» KEAK,
Kapazanowi, Kazaxcman

2”OpzaHuKaJlbu§ cunmes gicone komip xumusicol uncmumymst” JKIUIC, Kapazanowt,
Kazaxcman

S Yimmuix 6uomexronous opmanwievt” PMK, Hyp-Cynman, Kazaxcman

*I11. Vanuxaros ameinoazbl Kexwemay ynueepcumemi, Koxwemay, Kazaxcman
E-mail: mukusheval977@list.ru

DapMaKoJIOTHAIIBIK 3epTTeyJep YIUIH HUTH3UH aNKaJIOWAbl 6T€ MaHBI3IBI OOJIbBINI
caHaJaJpl. By ankanoun MUKIAEL OJMrocaxapuaTepMEH CyIpaMoJIeKyIIpIIbl XXylenepe,
aTam aiiTKaHja P-IUKIONEKCTPUHACPMEH, imKi mpoToHaaps! H3 sxone HS xoHE CHIpTKEI
H2 sxone H4 Gap keciireH KoHyc MilliHi 0ap KOMIIOHEHT PETiHAe KeHIHEH KOJIAaHbUIAIbI.

JKYMBICTBIH MakcaThl - IUTU3UH aJKaJIOWAbl TYBIHABLIAPBIHBIH (hapMaleBTHKAIBIK
OejceHli LMKIOAEKCTPUHII KemreHzaepiH amny. Llutmsun ankanowgsiHbi B-CD sxone
2 - HP — B - CD kewenni TybIHObUIAPEI Oipre TYHABIPY Saici apKeuibl aibHAbL. Coi
CHSKTBI TEPMOTPABUMETPHSUIBIK, AU PepeHINaIbl TEPMHUSIIBIK JKoHE U PepeHIHAIIbI
CKaHepJIeyIlli KaJOPUMETPHSUIBIK MJIIMETTEp aJIbIHABL. PenenTtopiapablH UKIOISKCTPHH
KYBICBIMEH Oipirinm cyOcTpaTThIH KemeHaepi Ty3uteTiHi kepceTingi. CympaMoneKyIanbiK
KEMICHEPIiH TY3UTyi Ke3iHIe MPOTOHIAPIBIH XUMIUTBIK BIFBICYBIHBIH CH YIKEH e3repici
IUKIOACKCTPHH KybICHIHBIH H-3 skone H-5 imki nmporonmapeiHaa 6onanel. bapmisik ecer-
TENTeH MOHACP SKCIEPUMEHTTIK AEPEKTepPMEH KaKChl colikec kemexmi. Cympamonexyna-
JBIK KemIeHAepIi aWbHAay OpTYpil (QU3HKA-XUMHSIIBIK Talgay OMICTEpiH KOJNTaHy
apkpuTbl nonenneHni. JuddepeHnuanapl ckaHepieylli KajJopUMETPUSUIBIK MAJTiMeTTepi
ootisiaira, 30-610 °C Temmeparypa apaibiFblHIa KSIICHASPIIH bIABIpay mpolieci bacrar-
Kbl LIUKJIOJIEKCTPHH MOJIEKYJIACBIMEH CAIBICTBIPJIBIN aHBIKTAIbI. 3ePTTENreH 3aTTapblH
reMOpeoNTOrHsUTBIK 3 dekTici in VItro aHpiKTamabl. 3epTTENreH TOPT 3aTTapiblH ilIiHIe
€Ki KOCBUIBIC IN Vitr0 THOepTYTKBIPIIBIK KAaH MOJIEITIH/IC KAHHBIH TYTKBIPIIBIFBIH TOMCHICTE
AJIaTBIHbI AHBIKTAJIJIBI.

Tyiiinai ce3nep: anxamowarap, TYBIHABUIAP, HUTH3WH, UKIOJEKCTPUH, CYNpamo-
JEKYJISIPIIBL KEMIEHAEP.
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Pe3iome
NMUKJIOJEKCTPUHOBBIE KOMIIJIEKCHI BKJIIOYEHU ST
DAPMAINEBTUUYECKHN AKTUBHBIX ITPOU3BOJHBIX AJIKAJIOUIA
IMUTU3NHA U UX TEMOPEOJIOI'HTYECKASI AKTUBHOCTb

I'.K. Mykywesa ", JK.b. Camnaesa’, E.B. Munaesa', JK.C. Hypmazanoemos?,

3.T. Ulynveay’, A.P. Kacvimbexosa’, O.A. Hypxenos®, T. M. Ceunxanos’

'HAO «Kapaeanounckuii ynueepcumem umenu E.A. Bykemosay, Kapaeanoa, Kazaxcman
2TOO «Hucmumym opeanuyeckozo cunmesa u yenexumuuy, Kapazcanoa, Kazaxcman
3PI'IT "Hayuonansnwiii yenmp 6uomexnonozuu”, Hyp-Cynman, Kazaxcman
4K01<memaycz<m7 yuugepcumem um. L. Yanuxanoea, Koxwemay, Kazaxcman

E-mail: mukusheval977@list.ru

AJNKanouJ UUTU3UH MMEET OOJIBIIOE 3HA4YEeHHE Uil COBPEMEHHBIX (apMaKoJIOrH-
YEeCKUX HCCIe0BaHUN. J[aHHBIH alKasonJ MOXXET OBITh MCIOJIB30BaH KaK KOMITOHEHT
CYNpaMOJIEKYJISIPHOM CHUCTEMBI C IUKJIMYECKHUMH OJINTOCaXapHuIaMH, a UIMEHHO [3-IIMKIIO-
JEKCTpUHAMH, KOTOPbIe UMEIOT (JOPMY YCEUEHHOTO KOHyCa C BHYTPEHHHMH MPOTOHAMH
H3 u H5 u aemmanMu npotonamu H2 u H4. expio paGoOTHI ABISETCS MOTyYeHIE KOMII-
JIEKCOB BKIIOYCHHUS (hapManeBTHYECKH AKTHBHBIX IPOM3BOIHBIX ANKATOMJIA IMTH3HMHA.
Komrmiekcer! BKIIFOUeHMs! TPON3BOIHBIX anikanona nuutuinHa ¢ B-CD u 2-HP-B-CD noumy-
Yaau METOJOM COOCaXICHHUS. Bl BBIIONHEHBI TEpMOTpaBUMETpUUecKud, auddepen-
OUABHBIA TepMHUYeCKU W anuddepeHnanbHbil CKaHUPYIOMHUKA KaIOpUMETPHUICCKU
aHanM3bl. bpUTO TIOKA3aHO, YTO 00pa3yOTCS KOMIUIEKCHI BKIFOUCHHUS CyOCTparTa ¢ IUKIIO-
JEKCTPUHOBOM MONOCThIO periennTopoB. Hambonbliee M3MEHEHHE XUMHUYECKUX CIIBUTOB
IPOTOHOB IpH 00pa30BaHUM CYNPaMOJICKYJIIPHBIX KOMIUIEKCOB IPOUCXOAUT C BHYTpPEH-
Huma npotoHamu H-3 um H-5 monoctm mmxiionexkctpuHa. Bce pacueTHble 3HaueHUs
XOPOIIO COTIAacyrOTCs C SKCIEPUMEHTAIbHBIMU AaHHBIMU. [lomyueHue cynpamonexymsp-
HBIX KOMIUIEKCOB JI0Ka3aHO C IIOMOILBIO Pa3InuHbIX (PU3MKO-XUMUYECKUX METOJOB aHa-
mm3a. [To naHHBIM nUQQepeHIanbHOr0 CKaHUPYIOMET0 KaTOpUMETPUIECKOTO aHalIn3a,
IIpoIIecC pa3pyLIeHUs] KOMIUIEKCOB B MHTepBasie Temneparyp 30-610 °C uccnenoBanm B
CpPaBHEHHMH C JaHHBIMH MCXOJIHOTO HHUKIOAEKCTpHHA. I'eMopeosorndyeckue 3¢GQeKTs
HCCIIeyeMbIX 00pa3oB u3ydaid in Vitro. Cpemu 4eTsipex UCCleJOBaHHBIX 00pa3LoB, ABa
o0pasia MmokKa3and CIOCOGHOCTh CHHKATh BS3KOCTh KPOBH iN Vitr0 B Mopmemu rumep-
BSA3KOCTHU KPOBH.

KiroueBble cioBa: ankajiouabl, TPOU3BOAHBIC, IIUTU3NH, ITUKIOAEKCTPHHEL, CyIpa-
MOJIEKYJISIPHBIE KOMILICKCHI.
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Bacma kpI3MeTiHZeTi ominerci3 ToxipuOeHi OonaplpMay MakcaTbliHIa (IUIaruar,
JKaJIFaH aK[aparThl YCbIHY JXOHE T.0.) KOHE FBUIBIMH IKapPHUSJIAHBIMAAPIbIH IKOFapPhI
carnachblH KAMTaMachl3 €Ty, aBTOPJIbIH aJIFaH FhUIBIMUA HOTHXKENEPIH XKYPTIIBUIBIKIICH TaHY
MaKCaThIH/Ia PEAAKIMSIBIK KEHECTIH opOip MYIIeci, aBTOp, PELEH3CHT, COHIal-aK Oacma
MPOIIECiHE KATBICATHIH MEKEMEJIep dTHKAJIBIK CTaHAapTTap/Ibl, HOpMAJap MEH epexerep i
CaKTayFa YKOHE OJIapbIH OY3bUTYBIH OOJIIBIpMAy VIINIH OapJibIK IIapajiapibl KaObuigayra
MiHzeTTi. OChl TPOLECKE KATHICYIIBLIAP/IBIH OapIbIFbIHBIH FHUIBIMHU KAPUSUIAHBIM 3TH-
Kachl epeKeNepiH CaKTaybl aBTOPIAPIBIH 3UATKEPIIIK MEHIIIK KYKBIKTApBIH KaMTaMachi3
eTyre, 0achUIBIM CallachlH apTTHIPYFa XKOHE aBTOPJIBIK MaTepUANIApIbl XKEKe TYIIFanap-
JIBIH MYZJIEC] YIIiH 3aHCHI3 NaiJalaHy MYMKIHIITIH OOJIIpIpMayFa BIKITAT eTeIi.

Penakmmsra kemin TyckeH OapiblK FRUIBIMH MaKallalap MIiHIAETTI TYpAE €Ki JKaKThI
monygaH erexmi. JKypHan pemakiisichl MaKaJaHBIH JKypHalI HpogmiiiHe, peciMaey Ta-
JIanTapblHa COMKECTIriH Oenrijeiial *oHe OHBbI KOJDKa30aHBIH FBHUIBIMH KYHIBUIBIFBIH
AMKBIHIANTBIH JKOHE MaKala TaKbIPhIObIHA HEFYpJIbIM JKaKblH FbUIBIMH MaMaHJaH-
JbIpyJiapel 0ap €Ki Toyenci3 peleH3eHT — MaMaHIapAbl TaraibIHIAWTBIH JKYPHAIIBIH
JKayarnThl XaTIIBICBIHBIH OipiHIN KapaybiHa >xiOepemi. Makanangapabl peleH3HsIIay bl
pelakIMsIIbIK KeHEeC JKOHE PEAaKLMUIBIK allka Myllelepi, coHpaii-ak Oacka enaepiiH
MIaKBIPBUIFAH PELCH3CHTTEPI JKy3ere achlpaabl. Makanara capanrama XKyprizy yiiH Oen-
rim Oip peleH3eHTTi TaHaay Typaisl memiMai bac penakrop kaOsuinaiabel. Penensusiay
Mep3iMi 2-4 anTaHbl Kypaiael, OipaK pelEeH3eHTTIH OTiHimI OOMbIHIIA OJI y3apTHUTYEI
MYMKiH.

Penakuusi MeH pelleH3eHT Kapayfra kiOepiireH kapusiaHOaFraH MaTepHalAapabIH
KYIISUTBUTBIFBIH  CaKTayra Kemurmik Oepeni. JKapusmay Typanbl memiMzi >KypHaIIBIH
PEeNaKIMsIIbIK aJKachl pereH3usIaydaH KeiliH KaOpuimaiinel. Kaker OonraH >karmaiina
KOoJDKa3z0a aBToOpJapra pPELEH3EHTTEP MEH pelaKTOpIapAblH ecKepTyiepi OoibIHmIa
MBICBIKTayFa KiOepineni, cogan KeiH oNl KalTa perneH3usuIaHaibl. Penakius 3Tuka epe-
JKeNlepiH Oy3faH JKarjaiia MaKajJaHbl JKkapuslayJaH O0ac TapTyra Kykbuibl. Erep akma-
PATTHI IJIarKaT Je CaHayFa KETKUIIKTI Heri3 00J1ca, )KayamnThl PeJaKTOp XKapusuiayFa K0T
Oepmeyi Kepek.

ABTOpJIAp peaKiusaFa YChIHBUIFAH MaTepUalIap bl )KaHa, OYPhIH KapusiaHOaraH
JKOHE TYITHYCKa EKeHJIriHe Kenuimik oepeni. ABTOpiap FHUIBIMH HOTIKENEPAIH CEHIM/Ii-
Jri MEH MaHbBI3JbUIBIFbIHA, COHJAN-aK FBUIBIMH 3THKA KAFUJATTApbIH CaKTayFa, ararl
aliTkaHga, FRUTBIME STHKaHBI Oy3y (akrinepiHe »oa OepMeyre (FBUIBIMH JepeKTepIl TY-
KBIPBIMIAY, 3ePTTEY IepeKTepiH OypMmanayFa oKeleTiH Oypmanay, IUIaruar JKoHe JKajaraH
TEH aBTOPJBIK, KalTanay, 0acka agaMIapIslH HOTIDKEJIEPiH HeMIeHy JKoHe T. 0.) jkayar-
TBI OOJTAEL.

MaxkanaHsl peakiusra xidepy aBTopiIapaslH MaKaiaHsl (TYIHYCKaaa Hemece Oacka
Tinmepre Hemece 0acka Tinmepre ayaapbuiraH) Oacka >kKypHanra(kKypHajimapra) Oepme-
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TeHIH jkoHe OyJ1 MaTepuai OypbIH jkapusulaHOaraHbIH Olipeni. OnTIece, MaKaia aBTop-
JlapFa aBTOPJIBIK KYKBIKTHI Oy3FaHbl YIIIH MakajaHbl KaOblinamay Typajbl YCHIHBICIICH
nepey kaitapeuiaapl. backa aBTOp sKyMBICHIHBIH 10 MaibI3bIHAH acTaMblH OHBIH aBTOP-
JIBIFBIH JKOHE JEpEeKKe3re ciareMeciz ce30e-ce3 Keurpyre >koi Oepinimeizi. AJbIHFaH
(parmMeHTTEp HEMECE MATIM/IEMeNIep aBTOp MEH OacTarKpl Ke3Jli MIiHIETTI Typie KepceTe
OTBIPHIN Xacamybl kepek. lllamaman Thic Kemripy, COHIai-aKk Ke3-KEJIreH HBICaHIaFrbl
IUIaruaT, OHBIH iMIiHAE PocCiMIeIMereH qoieKco3ep, 03repTy HeMece 6acka agaMaapIbiy
3epTTEYNIEPiHiH HOTIKEJepiHe KYKBIKTap HEMICHY J3THKAIBIK eMeC JKOHE KOJAiChI3.
3eprrey OapbichiHa KaHgal na Oip Typlae ocep eTKeH OapliblK ajamIapAblH YJECiH
MOMBIHIAY KaKeT, aTall aliTKaHIa, MaKajaja 3epTTey JKYpridy Kes3iHae MaHbI3bl OOJIFaH
KYMBICTapFa CinTeMelep YChIHBUTYBl KepeK. Kocallkel aBTOpiaplblH apachblHAa 3epTTey-
re KaThICIaraH agaMaap/isl KepceTy OoaMaiiibl.

Erep »xymbicTa Kare TaObuIca, peJakTOpra Te3 apajaa xabapiay Kepek jkoHe Oipre
TY3€Ty TypaJbl LIeIiM KaObuiaay Kepek.

Komxkazbanel kapusiaynan Oac TapTy Typajibl INEIIM PpEIEeH3EHTTepAiH YCHI-
HBIMIapbIHA COWKEC PeaKIMsIIbIK ajlKa OTHIPBICHIH/IA KaOblaHaapl. PeakiisuIbK anka-
HBIH I[ICHIIMIMEH >KapusiayFa YChIHBUIMaFaH Makaia KailTa Kapayra KaObU1gaHOaijbl.
Kapusnaynan Gac TapTy Typansl XabapiamMa aBTOPFa DJICKTPOHJBIK MOIITA apKbUIbI
xKibepimesmi.

PenmakumsmbIK aka MaKaJlaHbI JKapHsUIayFa xKioepy Typaiibl MIeIiM KaObUlIaFraHHaH
KeWiH pemakmus Oy Typasibl aBTOpFa Xabapiaiiibl xKoHe Kaprsiay Mep3iMiH KepceTei.
Penen3usuapAbIH TYIHYCKaIaphl )KYPHAJIIBIH PEAAKIMACBIHAA 3 KBUT O0MbI caKTanapl.
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Omuka nayunvlx nyoaukayui

PepakuuonHasi KoJulerusi M TJIABHBIA pPeJaKTOP HAYyYHOIO KypHajia «XvMH-
yeckuiizkypHaa Kazaxcrana» (nanee — JKypHaua) npuaep:KuMBaroTCsl NPUHATHIX
MEXAYHAPOAHBbIX cTaHAapToB «Komurera 3THKHM mo myomukamusm» (Committee on
Publication Ethics — COPE) (http://publicationethics.org/about), «EBponeiickoii
accolManuy HAyYHBIX peaakTopo» (European Association of Science Editors — EASE)
(http://www.ease.org.uk) u «KomuTera mo »JTHKe HAYYHBIX MyOJIHKAIMIA»
(http://publicet.org/code/).

Bo u3bexxanne HemoOpPOCOBECTHOW MPAKTUKK B ITyOIMKAIMOHHOW NESATEIBHOCTH
(Tmaruat, u3710KeHNE HEIOCTOBEPHBIX CBEICHHH U JIp.) U B IENAX 00eCIiedeHHs BEICOKOTO
KayecTBa HAYYHBIX ITyONHMKaIWi, MpU3HAHUS OOIIECTBEHHOCTHIO, TONYYEHHBIX aBTOPOM
HAYYHBIX PE3YJIbTATOB, KaX/IbIil YWICH PEAAKIIMOHHOTO COBETA, aBTOP, PCIICH3CHT, a TAKXKE
YUPEXKIEHHUS], yJacTBYIOUINE B U3/ATEIILCKOM Ipoliecce, 00s3aHbl COO0NATh ATHYECKHUE
CTaHdapTbl, HOpPMbI W IpaBWjIa W NPpHUHUMATh BCC MCPbI I MNPEAOTBpAllCHUA HX
HapyureHuit. CoONro/ieHHe TpaBWI ITHKH HAYYHBIX ITyOJNUKAIMA BCEMH YYacTHUKAMU
ATOTO TpOIlecca CIIOCOOCTBYET 00SCIICYCHUIO IPaB aBTOPOB HA MHTEIUICKTYAIBbHYIO CO0-
CTBCHHOCTD, IOBBIIICHUAIO KAa4eCTBA W3JaHHUA W HCKIFOYCHUIO BO3MOXXHOCTH HEMPAaBO-
MEPHOTO HCIOJIH30BAHUS aBTOPCKUX MaTEpHAIIOB B HHTEPECAX OTACIHHBIX JIUII.

Bce HaydHBIE CTaThbW, IMOCTYNHBIINE B PENAKIHIO, MOUICKAT OO0S3aTCIFHOMY
JIBOWHOMY CIIENIOMY perieH3upoBaHuio. Pemakums XXypHana ycTaHaBIHMBaeT COOTBETCTBHE
ctatbu npodwto JKypHama, TpeOoBaHUAM K O(GOPMIICHHIO M HAIpaBISIET ¢ Ha MepBOe
paccMOTpeHHe OTBETCTBEHHOMY cekpeTapio JKypHana, KOTOpBIM OMpenenseT HayIHYIO
HCHHOCTb PYKOIIMCHU W HA3HA4YACT ABYX HC3aBUCHUMbLIX PCEICH3CHTOB — CICHUATINCTOB,
UMCIOIINX HanOosee OIM3KUE K TeME CTaThU HAYYHBIC CIICHUAIN3AIUK. PerieH3upoBaHme
CTaTel OCYLIECTBIISIETCS WICHAMHU PENAaKIMOHHOTO COBETa M PEJaKIMOHHOM KOJJIErHH, a
TaKXKe MPUTIAIICHHBIMU PEICH3CHTAMU IPYTUX CTpaH. PemreHue o BRIOOpE TOrO WU
HWHOTO PELEH3EHTA JUIS MPOBEICHUsI SKCIIEPTU3bI CTAThH MPUHUMAET TIaBHBIN PENaKTop.
Cpok peleH3upOBaHMs COCTABIICT 2-4 HEJENH, HO MO NPOCHOE PEIEH3EHTa OH MOXKET
OBITH MIPOJICH.

Penakuusi M pemeH3eHT rapaHTHPYIOT COXpaHCHHE KOH(HICHIMAIbHOCTH He-
OITyOJIMKOBAaHHBIX MAaTEPHUAIOB MIPHUCIAHHBIX Ha paccMOTpeHne paboT. Pemenne o my6mu-
KalluM IPUHUMAETC peAakUUMOHHOM Komulerned JKypHasa mocie peLeH3UpOBaHUs.
B ciry4ae He0OXOIMMOCTH PYKOIIMCh HAINpaBIIsIeTCsT aBTOpaM Ha A0pabOTKy IO 3ame-
YaHWUSAM PEICH3CHTOB W PEIaKTOpPOB, IOCIIE Yero OHa MOBTOPHO peueH3upyercsa. Pemaxk-
U] OCTABJISICT 332 COOOM MPABO OTKIOHUTH MyOJMKANKIO CTaThU B CIy4ae HapyIICHHS
npaBui STUKH. OTBETCTBEHHBIH PEIaKTOpP HE JOJDKEH JOIMYCKaTh K MyOJHKaiuu uHpop-
MAIHIO, €CJTH KMEETCSI JOCTATOYHO OCHOBAHMH T10J1araTh, 4TO OHA SBJISICTCS IUIAarHATOM.

ABTOPBI TAPAHTHUPYIOT, YTO NPEICTABICHHBIC B PEIAKIMIO MATCPHAIBl SIBIISIOTCS
HOBBIMH, paHee HEONMYOIMKOBAHHBIMA WM OPHIHHAJIBHBIMH. ABTOpPBI HECYT OTBETCT-
BEHHOCTH 32 JIOCTOBEPHOCTH M 3HAYMMOCTh HAYYHBIX PE3YNIbTAaTOB, a TaKXKe COOJIOJCHUE
MIPUHIIUTIOB HAYYHOW ITHKH, B YaCTHOCTH, HENOMyIIeHHEe (DAKTOB HAPYIICHHUS HAYIHOMH
STHKH ((habpuKanus HAYIHBIX JaHHBIX, (hanbCHUKAINS, BeAyas K NCKaKESHHIO HCCITe-
JOBAaTENbCKAX JAHHBIX, IUIATMAT W JIOKHOE COaBTOPCTBO, AyOIMpPOBAaHWE, MPHUCBOCHUE
YyXHUX Pe3yJIbTaToB U Ip.)

HanpaBieHnune cTtaTby B pelaKIIMIO 03HAYAET, YTO aBTOPHI HE MEepeaaBaiil CTaThIO (B
OpUTHHAJIE WK B IIEPEBO/IC Ha APYTHE A3BIKU UM C APYTHX SI3BIKOB) B IPYToH >KypHas(bI)
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U YTO ITOT Marepuayl He ObUI paHee ONyOJMKOBaH. B NpPOTHMBHOM cilyuae cTaTbsi He-
MeJUIEHHO BO3BpallaeTcs aBTOpPaM C PEKOMEHJAlMeH OTKIOHUTH CTAaThlO 32 HapylleHHE
aBTOpCcKUX npaB. He nomyckaercs nocioBHoe kKonupoBanue Oosee 10 npoueHToB paboThl
Jpyroro aBropa 0e3 yKa3aHHsI €ero aBTOPCTBA M CCHIJIOK Ha MCTOYHHMK. 3aMMCTBOBAHHBIC
(parMeHTHl WM YTBEP)KACHHS JOJDKHBI OBITH O(OPMIIEHBI C 00S3aTENbHBIM yKa3aHHEM
aBTOpa M NEPBOMCTOYHMKA. Upe3aMepHble 3aMMCTBOBAHMS, a TaKXKe IUIarvaT B JIIOOBIX
(dopmax, BKITIO4ass HeopOpMIICHHBIC LUTATHI, IepedpasupoBaHre WIHA MIPUCBOCHHUE IIPaB
Ha pe3yJibTaThl Uy)KUX HCCIECIOBAaHWH, HE3THUHBI M HempuemseMmbl. Heobxomumo mnpu-
3HaBaTh BKJIAJ BCEX JMI, TAaK WINM MHA4Ye MOBIMABLIMX HAa XOJ MCCIIENOBAHUS, B 4acT-
HOCTH, B CTaThe IOJDKHBI OBITH NPEICTAaBIEHBI CCBHUIKM Ha DPAbOTHI, KOTOPHIE HMEIH
3HaYeHNE NPH NPOBEACHUM HccienoBaHus. Cpeau coaBTOPOB HENOIYCTHMO YKa3bIBaTh
JINII, HE YU4aCTBOBAaBUIMX B UCCJIICAOBAHNH.

Ecnu obHapysxena ommnbka B pabore, HEOOXOIUMO CPOYHO YBEAOMHTH PEAAKTOPA U
BMECTE IIPUHSITH pellieHrne 00 UCIPaBICHHN.

Pemenne 00 oTkasze B ImyOnuKalMy PyKOIMCH NMPHHUMAETCS HAa 3aceJaHUM pelak-
LIMOHHOM KOJUIETNH B COOTBETCTBHH C PEKOMEHJAIMSIMH pelieH3eHTOB. CTaTbs, HE peKo-
MEHJIOBAaHHAsl PEIICHWEM pPEAAKIMOHHOM KOJUIErMH K MyOJNMKalud, K ITOBTOPHOMY
paccMmoTpennio He mpuHEMaercs. CooOmeHne 00 oTka3e B MyOJMKAIlUN HANPaBIAETCS
aBTOPY MO 3JIEKTPOHHON TIOUTE.

[Mocne mpuHATHA penkoiuiernei JKypHana pelieHds o JIOMyCKe CTaThH K IyOIu-
KallM{ pelaklusi HHPOPMHUPYET 00 3TOM aBTOpa U yKa3bIBaeT CPOKH IyOaukanuu. Opuru-
HaJIbl pereH3ni XpaHarTcs B peaakunu JKypHaia B TedeHne 3 JeT.
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Ethics of scientific publications

The editorial board and editor-in-chief of the scientific journal “Chemical
Journal of Kazakhstan” (hereinafter - the Journal) adhere to the accepted
international standards of “the Committee on Publication Ethics” (COPE)
(http://publicationethics.org/about), “European Association of Science Editors -
EASE” (http://www.ease.org.uk) and“Committee on the Ethics of Scientific
Publications™ (http://publicet.org/code/).

Public recognition of the scientific results obtained by the author, each member of
the editorial board, author, reviewer, as well as institutions involved in the publishing
process is obliged to comply with ethical standards, norms, and rules and take all
measures to prevent violations thereof. This is needed to avoid unfair practice in
publishing activities (plagiarism, presentation of false information, etc.) and to ensure the
high quality of scientific publications. Compliance with the rules of ethics of scientific
publications by all participants in this process contributes to ensuring the rights of authors
to intellectual property, improving the quality of the publication, and excluding the
possibility of illegal use of copyright materials in the interests of individuals.

All scientific articles submitted to the editorial office are subject to mandatory
double-blind review. The editorial board of the Journal establishes the correspondence of
the article to the profile of the Journal, the requirements for registration and sends it for
the first consideration to the executive secretary of the Journal, who determines the
scientific value of the manuscript and appoints two independent reviewers - specialists
who have scientific specializations closest to the topic of the article. Reviewing of articles
is carried out by members of the editorial board and editorial board, as well as invited
reviewers from other countries. The decision on choosing a reviewer for the examination
of the article is made by the editor-in-chief. The review period is 2-4 weeks, but it can be
extended at the request of the reviewer.

The editorial board and the reviewer guarantee the confidentiality of unpublished
materials sent for consideration. The decision on publication is made by the editorial
board of the Journal after reviewing. The manuscript is sent to the authors for revision
based on the comments of reviewers and editors if necessary. After which, it is re-
reviewed. The editors reserve the right to reject the publication of an article in case of a
violation of the rules of ethics. The executive editor should not allow information to be
published if there are sufficient grounds to believe that it is plagiarism.

The authors guarantee that the submitted materials to the editorial office are new,
previously unpublished, and original. Authors are responsible for the reliability and
significance of scientific results, as well as adherence to the principles of scientific ethics,
in particular, the prevention of violations of scientific ethics (fabrication of scientific data,
falsification leading to distortion of research data, plagiarism, and false co-authorship,
duplication, appropriation of other people's results, etc.).

The submission of an article to the Editorial Board means that the authors did not
transmit the article (in original or translation into other languages or from other
languages) to another journal (s), and this material has not been previously published.
Otherwise, the article is immediately returned to the authors with a recommendation to
reject the article for copyright infringement. VVerbatim copying of more than 10 percent of
another author's work is not allowed without indicating his authorship and links to the
source. Borrowed fragments or statements must be made with the obligatory indication of
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the author and the source. Excessive borrowing as well as plagiarism in any form,
including unofficial quotations, paraphrasing, or appropriation of rights to the results of
other people's research, is unethical and unacceptable. It is necessary to recognize the
contribution of all persons, who in one way or another influenced the course of the
research in particular the article, should contain references to works that were of
importance in the conduct of the research. Among the co-authors, it is inadmissible to
indicate persons who did not participate in the study.

If an error is found in work, it is necessary to notify the editor and together make a
decision on the correction.

The decision to refuse publication of the manuscript is made at a meeting of the
editorial board by the recommendations of the reviewers. An article not recommended for
publication by the decision of the editorial board is not accepted for reconsideration. The
refusal to publish is sent to the author by e-mail.

After the editorial board of the Journal decides on the admission of the article for
publication, the editorial board informs the author about it and indicates the terms of
publication. The originals of the reviews are kept in the editorial office for three years.
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