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The effective method for the synthesis of ethyl 3-alkyl-5-methyl-4-oxo-2-thioxo-1,2,3,4-tetrahydro-
thieno[2,3-d]pyrimidine-6-carboxylate derivatives by interaction of diethyl 3-methyl-5-{[(methylsulfanyl)
carbothioyllamino}thiophene-2,4-dicarboxylate with low aliphatic amines in the 2-propanol medium
has been developed. The conditions proposed facilitate isolation and perceptibly improve the yields
of the target thiones. The further modification of ethyl 3-alkyl-5-methyl-4-oxo-2-thioxo-1,2,3,4-tetra-
hydrothieno[2,3-d]pyrimidine-6-carboxylate has been performed by alkylation with chloroacetamides
and 3-aryl-5-(chloromethyl)-1,2,4-oxadiazoles (DMF-triethylamine). The structure of the compounds
obtained has been confirmed using the NMR spectroscopic methods; the products of alkylation
have the signals of the carbethoxy group as two signals in the ranges of 1.27-1.30 ppm (3H, t) and
4.24-4.29 (2H, q), and the signal of SCH, protons in the range of 4.22-4.93 ppm. The study of the
antimicrobial activity for the functionalized derivatives of thieno[2,3-d]pyrimidine, the corresponding
ethyl 3-alkyl-5-methyl-2-({2-[arylamino]-2-oxoethyl}thio)-4-oxo-3,4-dihydrothieno[2, 3-d]pyrimidine-6-carb-
oxylates and ethyl 3-alkyl-5-methyl-4-oxo-2-{[(3-aryl-1,2,4-0xadiazol-5-yl)methyl]thio}-3,4-dihydro-
thieno[2,3-d]pyrimidine-6-carboxylate has shown their moderate antimicrobial properties, while for
some compounds with the n-butyl substituent at position 3 possess the high inhibitory activity against

Candida albicans fungi growth.

Derivatives of 2-thiothieno[2,3-d|pyrimidine-6-carb-
oxylic acid are known as the various biologically ac-
tive compounds [6, 7, 10], antimicrobials are also found
in this range of compounds [12, 13]; therefore, deve-
lopment of their preparation methods is an up-to-date
problem of modern organic synthesis. The particular at-
tention is also paid to the molecules containing small
substituents, their presence favourably increases their
drug-likeness [9]. A convenient approach towards the
synthesis of 2-thiothieno[2,3-d|pyrimidines is applica-
tion of xanthogenates as intermediates [2, 3, 6, 11, 12],
but according to the conditions proposed, in the cases
of using primary amines the reaction requires boiling in
dimethylformamide (DMF) with further dilution with
water for crystallization of the product. Unfortunately,
for the low aliphatic amines, which have lower boil-
ing points than the solvent and also may contain a huge
amount of water, such reaction conditions may not be
suitable. Though the effectiveness and homogenicity of
this reaction, dilution with water does not help to iso-
late the desired products, it may be caused by the high

water solubility of the target thione salts with aliphatic
amines. Therefore, the aim of this work was to improve
the conditions for the synthesis of ethyl 3-alkyl-5-methyl-
4-0x0-2-thioxo-1,2,3,4-tetrahydrothieno[2,3-d[pyrimidi-
ne-6-carboxylates for their further modification via the
alkylation reaction.

Materials and Methods

Chemical Part

All of the solvents and reagents were obtained from
the commercial sources. Meting points (°C) were de-
termined with a Kofler (Hotbench) melting point ap-
paratus. '"H NMR spectra were recorded with a Bruker
Avance drx 500 (500 MHz) spectrometer in DMSO-d,,
using TMS as a standard. Chemical shifts (8) are re-
ported in ppm. LC/MS spectra were recorded using a
chromatography/mass spectrometric system consisting
of a high-performance liquid chromatograph equipped
with a diode-matrix and mass-selective detector. The me-
thod of chemical ionization under atmospheric pressure
(APCI) was used. lonization mode with simultaneous
scanning of positive ions was in the mass range of 80-
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1000 m/z. Elemental analysis was performed by Kjel-
dahl method.

The starting diethyl 3-methyl-5-{[(methylsulfanyl)
carbothioyl]amino}thiophene-2,4-dicarboxylate (1) was
obtained using the previously reported methods [1, 8, 11].

The general method for the synthesis of com-
pounds 2. To the suspension of 1 5 g (0.014 Mole) in
2-propanol (30 ml) add 0.021 Mole of the correspond-
ing amine. Reflux the reaction mixture for 3 h and af-
ter cooling dilute with water. Neutralize the solution
obtained with H,PO,, filter the precipitate formed and
wash with plenty of water and 2-propanol.

Ethyl 3,5-dimethyl-4-0x0-2-thioxo-1,2,3,4-tetra-
hydrothieno[2,3-d|pyrimidine-6-carboxylate (2a). M.p.
—266-267°C. Yield — 73%. '"H NMR (DMSO-d,) 6: 1.27
(3H, t, OCH,CH,); 2.65 (3H, s, CH,); 3.52 (3H, s, NCHy,);
4.23 (2H, q, OCH,CH,).

LC/MS: m/z (MH") 285.2. Found, %: N 9.97.
C,;H,,N,0,S,. Calculated, %: N 9.85. M.w. 284.36.

Ethyl 3-ethyl-5-methyl-4-oxo-2-thioxo-1,2,3,4-tet-
rahydrothieno[2,3-d]pyrimidine-6-carboxylate (2b).
M.p. — 253-254°C. Yield — 89%. 'H NMR (DMSO-d,)
6: 1.17 3H, t, NCH,CH,); 1.27 (3H, t, OCH,CH,); 2.69
(3H, s, CH,); 4.24 (2H, q, OCH,CH,); 4.33 (2H, q,
NCH,CH,); 13.71 (1H, s, NH).

LC/MS: m/z (MH") 299.0. Found, %: N 9.46.
C,,H,,.N,O,S,. Calculated, %: N 9.39. M.w. 298.38.

Ethyl 3-butyl-5-methyl-4-0xo0-2-thioxo-1,2,3,4-tet-
rahydrothieno[2,3-d]pyrimidine-6-carboxylate (2c¢).
M.p. — 239-240°C. Yield — 86%. '"H NMR (DMSO-d,):
0.90 (3H, t, CH,); 1.18-1.40 (5H, m, CH,+ OCH,CH,);
1.60 (2H, m, CH,); 2.70 (3H, s, CH,); 4.17-4.34 (4H,m, 2CH,),
13.71 (1H, s, NH). LC/MS: m/z (MH") 327.2. Found, %:
N 8.79. C,,H{N,O,S,. Calculated, %: N 8.58. M.w. 326.44.

The general method for the synthesis of com-
pounds 5 and 6. To 0.5 mmole of thione 2 in 3.5 ml
of DMF add 0.5 mmole of the corresponding alkylating

6a-f

4
Ar
Scheme

agent 3 or 4 and 0.55 mmole of triethylamine. Stir the
reaction mixture at 50-60°C for 3-4 h. Then after cool-
ing dilute the reaction mixture with water, filter the pre-
cipitate formed and crystallize from ethanol.

The study of the antimicrobial activity

The study of the antimicrobial activity of the com-
pounds synthesized was performed at the premises of
the Laboratory of Biochemistry of Microorganisms and
Culture Media at the State Institution “Institute of Mi-
crobiology and Immunology named after I.[.Mechnikov
of the National Academy of Medical Sciences of Ukraine”.
According to the WHO recommendations [4, 5] to esti-
mate the activity of the compounds tested the following
strains of microorganisms were used: Staphylococcus
aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Proteus vul-
garis ATCC 4636, Bacillus subtilis ATCC 6633, Can-
dida albicans ATCC653/885. The inoculum suspension
was prepared using a Densi-La-Meter apparatus (made
by PLIVA-Lachema, Czech Republic; with the wave-
length of 540 nm). The cultures were synchronized us-
ing low temperature conditions (4°C). The inoculum
density was 107 cells per 1 ml of the medium and was
determined by comparing with McFarland standard.
The 18 to 24-hour old culture of the microorganism was
used for the test. Mueller-Hinton agar was used (“HI-
Media Laboratories Pvt. Ltd., India”) for bacteria. The
strain of Candida albicans was cultivated using Sab-
ouraud agar (“HIMedia Laboratories Pvt. Ltd., India”).
The compounds studied were introduced as DMSO so-
lution in the concentration of 100 pg/ml with the vol-
ume of 0.3 ml.

Results and Discussion

To simplify the reaction conditions in order to im-
prove the method the solvent with a low boiling point
— 2-propanol was chosen. With the aim to control the
concentration of volatile aliphatic amines the excess of
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Table 1
Physico-chemical properties of ethyl 3-alkyl-2-(alkylthio)-5-methyl-
4-0x0-3,4-dihydrothieno[2,3-d]pyrimidine-6-carboxylates 5 and 6

Mol. formula vield, .%’ N%

Comp. Alk Ar M. alkylation M.p., °C _calc.

step found

5a CH, CH, C19;';97'\"§?452 82 235-236 %
5b CH, “C,H,-CH, CZOZ'§11N§24SZ 84 205-206 %
5¢ -CH, -CH,-CH(CH,), CDZ';SQ'Y;S‘*SZ 76 208-209 %
5d -CH, -2-CH,-5-CI-C{H, CZOHEOG(,;."'&SO‘*SZ 85 236 %
5e CH, CH, Cal 0> 89 202 222
5f CH, LC,H,-CH, CatlaNi0e>; 93 202-203 22
59 CH, _C,H,-CH(CH,), Ca 00, 81 199-201 s
5h CH. -2-CH,5-CI-C.H, Call IR0, 73 240-242 o
5i n-C,H, CH, Catlalli0e; o1 209-210 L
59 - H, “C,H,-CH, Cal 00 82 207-208 L2l
5k n-C,H, -C,H,-CH(CH,), CaslanOe: 78 202-203 o8
5| nCH, 2-CH,-5-CI-C.H, CatlaCL0.5, 86 229-230 82

6a CH, “C,H,-CH, CatlaNl 00> 71 159-160 22

6b CH, CHCl Catly &IN5, 77 184-185 LLAE

6c CH, “C,H,-CH, Caplall0e>: 63 154-155 o

6d CH, CH,Cl Cath OO, 76 161-162 Ll

6e - H, “C,H,CH, Callacli 00> 89 157-159 L

6f n-C,H, C,H,Cl CBHSBS.'E‘)‘*SO‘*SZ 79 145-147 %

these reagents was used. It has been found that in such
conditions the reaction begins homogeneously and in
1.5-2 h a white precipitate is formed. For complete iso-
lation of the product the cool reaction mixture was di-
luted with water, and the neutral pH value was adjusted
by acidification. The crystals of the products 2 were fil-
tered and washed with 2-propanol (Scheme).

In order to enlarge the chemical diversity com-
pounds 2a-c¢ were alkylated with chloroacetamides (3)
and 3-aryl-5-(chloromethyl)-1,2.4-oxadiazoles (4) (DMF-
triethylamine). As the result of modification the series
of S-alkyl derivatives 5 and 6 were obtained (Tab. 1).

In the '"H NMR spectra of the given derivatives 5
and 6 two signals of the carbethoxy group are observed
in the range of 1.27-1.30 ppm (3H, t) and 4.24-4.29

(2H, q); in some cases the signal of CH, (COOC,Hj)
overlaps with the signal of the ethyl radical at position 3
of the thieno[2,3-d]pyrimidine system, while the signal
of OCH, may be together with SCH, protons peak. The
spectra of all compounds 5 and 6 also contain the signal
of the thiophene ring methyl group at 2.72-2.80 ppm,
for compounds 5 the signal of acetamide NH protons in
the range of 9.79-10.40 ppm, which position much de-
pends upon the character of the benzene ring substituents,
is typical. The signals of SCH, are observed in the region
of 4.22-4.29 ppm for compounds 5 and strongly shifted
downfield for compounds 6 to 4.89-4.93 ppm (Tab. 2).
The results of the antimicrobial activity screening
for the series of compounds 5 and 6 allowed determining
their wide range, but the moderate antibacterial activity
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Table 2

"H NMR spectral data for ethyl 3-alkyl-2-(alkylthio)-5-methyl-
4-0x0-3,4-dihydrothieno([2,3-d]pyrimidine-6-carboxylates 5 and 6

Chemical shift, 5, ppm

g- CH, NH
S | thiophene (1H, brs) Aliphatic protons Aromatic protons
(3H, s) T
53 279 10.38 1.29 (3H, t, OCH,CH,); 3.50 (3H, s, NCH,); 4.27 (4H, m, |7.07 (1H,t,H-4");7.32 (2H, t, H-3'+
) ) SCH, + OCH,CH,); H-5); 7.59 (2H, d, H-2' + H-6')
5h 279 10.31 1.29 (3H, t, OCH,CH,); 2.25 (3H, s, ArCH,); 3.50 3H,s, |7.12(2H, d, H-3'+ H-5); 7.46 (2H, d,
) ) NCH,); 4.22 (2H, s, SCH,); 4.28 (2H, q, OCH,CH.); H-2'+ H-6')
1.17 (6H, d, 2CH,); 1.29 (3H, t, OCH,CH,); 2.83 (1H, m, |7.18 (2H, d, H-3'+ H-5'); 7.48 (2H, d,
5c 2.78 10.29 |CH(CH,),); 3.50 (3H, s, NCH,); 4.22 (2H, s, SCH,); 4.28 H-2"+ H-6')
(2H, q, OCH2CH3);
54 280 9.82 1.30 (3H, t, OCH,CH,); 2.23 (3H, s, ArCH,); 3.51 3H,s, |7.16 (1H, d, H-3"); 7.26 (1H, d, H-4);
) ' NCH,); 4.29 (4H, m, SCH, + OCH,CH.,); 7.50 (1H, s, H-6");
5e 280 10.40 1.29 (6H, m, OCH,CH, + NCH,CH,); 4.11 (2H, q, 7.07 (1H, m, H-4"); 7.32 (2H, t, H-3"+
i ) NCH,CH,); 4.25 (2H, s, SCH,); 4.28 (2H, 9, OCH,CH,); H-5%; 7.59 (2H, d, H-2’ + H-6")
1.30 (6H, t, OCH,CH,+ NCH,CH,); 2.26 (3H, s, ArCH,);  |7.12 (2H, d, H-3'+ H-5'); 7.46 (2H, d,
5f 2.80 10.25 |4.11 (2H, g, NCH,CH,); 4.22 (2H,'5, SCH,); 4.29 (2H, q, H-2'+ H-6')
OCH,CH,);
1.18 (6H, d, 2CH,); 1.29 (6H, t, OCH,CH, + NCH,CH,); 7.18 (2H, d, H-3'+ H-5'); 7.48 (2H, d,
59 2.80 10.30 |2.83(1H, m, CH(CH,),); 4.11 (2H, g, NCH,CH.); 4.23 (2H, | H-2' + H-6')
s, SCH,); 4.28 (2H, q, OCH,CH.);
5h 2.80 9.83 1.30 (6H, t, OCH,CH, + NCH,CH,); 2.23 (3H, 5, ArCH,);  |7.16 (1H, d, H-3");7.26 (1H, d, H-4);
) ’ 4.11 (2H, g, NCH,CH,); 4.28 (4H, m, SCH, + OCH,CH,); |7.50 (1H, s, H-6");
0.96 (3H, m, CH,); 1.29 (3H, m, OCH,CH,); 1.40 (2H, m, |7.07 (1H, m, H-4); 7.32 (2H, m, H-3’
5i 2.79 1040 |CH,); 1.68 (2H, m, CH,); 4.04 (2H, m, NCH,C,H,); 424 |+ H-5");7.58 (2H, m, H-2'+ H-6)
(4H, m, SCH, + OCH,CH,);
0.95 (3H, t, CH,); 1.29 (3H, m, OCH,CH,); 1.40 (2H, m, | 7.12 (2H, d, H-3"+ H-5'); 7.46 (2H, d,
5j 2.79 10.28 |CH,); 1.69 (2H, m, CH,); 2.25 (3H, s, ArCH,); 4.04 (2H, m, | H-2'+ H-6")
NCH,C;H,); 4.22 (2H, s, SCH,); 4.28 (2H, gq, OCH,CH,);
0.95 (3H, t,CH,); 1.17 (6H, d, 2CH,); 1.29 (3H, m, 7.18 (2H, d, H-3'+ H-5'); 7.48 (2H, d,
5K 279 1032 OCH,CH,); 1.40 (2H, q, CH,); 1.68 (2H, m, CH,); 2.83 H-2'+ H-6")
) ’ (TH, m, CH(CH,),); 4.04 (2H, m, NCH,C;H,); 4.22 (2H, s,
SCH,); 4.28 (2H, g, OCH,CH,);
0.95 (3H, t, CH,); 1.30 (3H, t, OCH,CH,); 1.40 (2H, q, 7.15(1H,d, H-3"); 7.25 (1H, d, H-4");
51 2.80 9.79 |CH,); 1.69 (2H, m, CH,); 2.23 (3H, s, ArCH,); 4.05 (2H, m, | 7.51 (1H, s, H-6");
NCH,C;H,); 4.29 (4H, m, SCH, + OCH,CH,);
6a 272 B 1.29 (3H, t, OCH,CH,); 2.35 (3H, s, CH,); 3.47 (3H, s, 7.33(2H, d, H-2'+ H-6'); 7.85 (2H, d,
) NCH,); 4.25 (2H, g, OCH,CH.); 4.89 (2H, s, SCH,); H-3'+ H-5')
6b 272 B 1.28 (3H, t, OCH,CH,); 3.48 (3H, s, NCH,); 4.25 (2H, q, 7.60 (2H, d, H-2'+ H-6'); 7.97 (2H, d,
) OCH,CH,); 4.91 (2H, s, SCH,); H-3'+ H-5')
1.29 (6H, m, OCH,CH, + NCH,CH,); 2.33 (3H, 5, CH,); 7.34 (2H, d, H-2'+ H-6'); 7.86 (2H, d,
6¢ 2.75 - 4.08 (2H, g, NCH,CH,); 4.27 (2H, g, OCH,CH,); 4.91 (2H, |H-3"+ H-5")
s, SCH,); ) }
6d 276 B 1.29 (6H, m, OCH,CH, + NCH,CH,); 4.08 (2H, q, 7.61 (2H, d, H-2'+ H-6");
) NCH,CH,); 4.27 (2H, g, OCH,CH.); 4.93 (2H, s, SCH,); 7.98 (2H, d, H-3'+ H-5')
0.95 (3H, t, CH,); 1.28 (3H, t, OCH,CH,); 1.39 (2H, q, 7.36 (2H, d, H-2"+ H-6");
6e 2.76 - CH,); 1.67 (2H, m, CH,); 2.37 (3H, s, ArCH,); 4.02 (2H, m, | 7.86 (2H, d, H-3"+ H-5")
NCH,C;H,); 4.26 (2H, g, OCH,CH.); 4.91 (2H, s, SCH,);
0.95 (3H, t, CH,); 1.27 (3H, t, OCH,CH,); 1.40 (2H, q, 7.60 (2H, d, H-2'+ H-6");
6f 2.74 - CH,); 1.67 (2H, m, CH,); 4.01 (2H, m, NCH,C,H,); 4.25 7.97 (2H, d, H-3'+ H-5')

(2H, g, OCH,CH.); 4.92 (2H, s, SCH,);
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Table 3
The antimicrobial activity of ethyl 3-alkyl-2-(alkylthio)-5-methyl-
4-o0x0-3,4-dihydrothieno([2,3-d]pyrimidine-6-carboxylates 5 and 6
Diameter of the growth inhibition zone in mm, number of experiments n=3
Comp. Stap 21}1/ ff c;zc;ccus Escherichia coli | Proteus vulgaris PZZ%ZZ;;’Z?:S Bacillus subtilis | Candida albicans
ATCC 25923 ATCC 25922 ATCC 4636 ATCC 27853 ATCC6633 ATCC 653/885

5a 15,14,15 15,15,15 growth growth 17,16,17 18,18, 19
5b 15,16,16 16, 15,14 growth 13,14,15 16,16,17 18,18, 18
5c¢ 17,18,17 17,17,17 14,15,15 15,14,15 16,17,17 17,16,17
5d 16,16,17 17,17,18 14,15,15 15,15,15 18,18, 18 16,17,17
5e 12,13,13 18,16,17 growth 13,14,13 17,16,17 16,16,17
5f 17,17,18 16,17,17 16,16,17 17,17,16 17,18,17 18,17,18
59 17,17,17 16,17,15 16,16, 16 16,16, 17 19,19,18 18,18, 18
5h 16,16, 16 16,16, 17 14,15.15 14,15,16 17,16,17 17,18,18
5i 16,16, 16 15,16,16 14,14,14 17,17,18 18,17,18 16,16, 17
5j 14,13,14 14,14,14 growth 15,14,14 16,16, 17 20,21, 21
5k 18,17,17 16,16, 15 15,15,16 16,16, 16 19, 20, 20 23,22,23
51 13,13,14 15,16, 16 16,15,16 15,16, 16 18,17,18 22,23,23
6a 17,18,17 17,16, 16 15,15,15 16,17,16 18,19, 18 18,17,18
6b 16,16, 15 16,17,17 16,15,15 16,15,16 17,18,18 16,17,17
6¢C 12,13,12 13,13,14 growth 14,15,15 16,16, 17 17,17,16
6d 18,17,18 17,16,17 15,14,15 16,16,17 18,19, 19 13,13,14
6e 14,14,15 16, 15,16 growth 14,15,15 16,17,17 20,21,20
6f 14,14,14 16,16, 16 14,13,14 14,15,15 18,18,17 21,22, 21
Metr.* 14,15, 14 14,13, 14 growth growth 16,15, 16 14,14,14
Strept.** 15,16, 15 15,16,17 growth growth 17,16,17 growth

* Metr. — Metronidazole, DMSO solution, with the concentration of 30 pg/ml;
** Strept. — Streptomycin, H,O solution, with the concentration of 30 ug/ml;

for the most of the compounds tested, being similar to
the reference drugs Streptomycin and Metronidazole.
The most active compounds with r-butyl substituent in
position 3 of the thieno[2,3-d]pyrimidine system 5j-51
and 6e,f, were found to inhibit the growth of Candida
albicans (Tab. 3).

CONCLUSIONS

A novel and effective method for the synthesis of
ethyl 3-alkyl-5-methyl-4-ox0-2-thioxo-1,2,3,4-tetrahyd-

rothieno[2,3-d]pyrimidine-6-carboxylate derivatives has
been developed with further modification of these com-
pounds to obtain 2-alkylthio derivatives. The study of
the antimicrobial activity of the final products has al-
lowed to determine their moderate antibacterial activi-
ty though some compounds containing the n-butyl sub-
stituent in position 3 of the thieno[2,3-d]pyrimidine sy-
stem significantly inhibit the growth of Candida albi-
cans fungi.
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CUHTE3 TA AHTUMIKPOBHA AKTUBHICTb HOBUX NMOXIAHUX ETUN 3-ANKI-2-(ANKINTIO)-
5-METWUI-4-OKCO-3,4-0UTOPOTIEHO[2,3-d]NIPUMIOUH-6-KAPEOKCUIIATIB

C.B.Bnacoe, B.Il.YepHux, T.I1.Ocosiod4eHKo

Knroyoei cnnoea: miogheH; nipumiOuH; MepKarmaHu; askiny8aHHsI; UUKisauis

PospobrnieHa echekmusHa memoduka odep>xaHHSI MOXiIOHUX emur1 3-asKin-5-memur-4-0Kco-2-mioKco-
1,2,3,4-mempaziopomieHo[2, 3-d]nipumiduH-6-kapbokcunamie wrsixoMm rnpoeedeHHs1 83aemoOil diemur
3-memun-5-{f[(memurncynbghaHin)kapbomioinjamiHo}miogheH-2,4-dukapbokcunamy 3 HUXYUMU arli-
amuyHuUMU amiHamu y cepedosulli 2-npornaHory. Taki ymosu peakuii 0038051st0mb fie2ko sudinamu
baxkaHi crionyku ma 3Ha4yHoO MoKpawyrome 8uxodu uinbosux mioHig. [odanbuwy modugikauito emur
3-aknin-5-memur-4-okco-2-miokco-1, 2, 3,4-mempaezidpomieHo[2, 3-d]nipumiouH-6-kapbokcunamig rpo-
800urnu wisxom e3aemoOii 3 xriopoauyemamidamu ma 3-apurn-5-(xnopomemur)-1,2,4-okcadiazonamu
(AM®A-mpuemunamiH). Bydosy ompumaHrux crionyk 6yno nidmeepdxeHo daHumu AMP-criekmpo-
ckonii; 0ns npodykmie arsnkirlyeaHHS cuaHasu rpomoHie kapbemoKcu-apynu rnpossstomscs y 8u-
ensdi 0eox cueHanie y Oiana3oHi 1.27-1.30 m.u. (3H, m) ma 4.24-4.29 (2H, ks), a npomoHu SCH,
Oaromb cueHan y Oiana3oHi 4.22-4.93 m.u. [JocnidxeHHss aHmMuMiKpobHOI akmugHocmi rnpodykmie
arnkKinysaHHs1 ompuMaHux ¢byHUioHanisogaHux rnoxidHux mieHo[2,3-d]nipumiduHy, 8idrnogidHo emurn
3-ankin-5-memun-2-({2-[apunamiHo]-2-okcoemus}mio)-4-okco-3,4-0uzidpomieHo[2, 3-d]nipumiOuH-6-

Kapbokcunamie ma emurn 3-asnkKin-5-memur-4-okco-2-{[(3-apun-1,2,4-okcadiason-5-in)memusijmio}-
3,4-0uzidpomieHo[2, 3-d]nipumiduH-6-kapbokcunamie 038071UI0 eCMaHO8UMU, WO CrOYKU YUHSMb
nomipHy aHmubakmepiasibHy akmuHicmb, rNpome roxiOHi 3 H-6ymuribHUM 3aMiCHUKOM Y MOJIOXEHHi
3 mieHo[2,3-d]nipumiOuHo80i cucmemu 3Ha4yHO fpueHiYyroms picm 2pubie Candida albicans.

CUWHTE3 U NPOTUBOMUKPOBHAA AKTUBHOCTb HOBbIX MPOU3BOOHbLIX 3TUI
3-ANKUnN-2-(ANKWNTUO)-5-METWUI1-4-OKCO-3,4-0UTMOPOTUEHO[2,3-d]MTUPUMUOUNH-
6-KAPBOKCUIIATOB

C.B.Bnacoe, B.I1.YepHbix, T.[1.0conod4yeHko

Knroyesnbie criosa: muogheH; nupumMuduH; Mepkanmadbl, ankuiauposaHue; Yuknusayus
PaspabomaHa aghgbekmugHass MemoduKa rosly4eHUs1 Mpou3so0HbIX amuil 3-ankur-5-memuri-4-okco-
2-muokco-1,2,3,4-mempaeudpomueHo[2, 3-dnupumuduH-6-kapbokcunamos rymem rposedeHusi 83au-
modeticmeusi dusmus 3-memur-5-{[(memurcynbgbaHun)kapbomuousilamuHo}muoghbeH-2,4-0ukapbokcu-
nama ¢ HU3WuMu anughamuydeckumu amuHamu 8 cpede 2-riponaHona. Takue ycrosus peakyuu
10380/15t0M s1e2KO0 8bI0eIsIMb Uerieable COeOUHEeHUs U 3Ha4umeribHO yry4duarom 8bIX00bl UernesbiX
muoHos. [anbHelwyo modugukayuto smurs 3-ankusn-5-memuri-4-okco-2-muokco-1,2,3,4-mempa-
eudpomueHo[2, 3-dJnupumuduH-6-kapbokcunamos rnposodusiu nymem e3aumodelicmeusi ¢ xropaue-
mamudamu u 3-apurn-5-(xnopomemun)-1,2,4-okcaduazonamu (QM®OA-mpusmunamuH). CmpoeHue
ror1y4eHHbIX coeduHeHul bbirio nodmeepx0eHo 0aHHbIMU SIMP-criekmpockonuu; 05151 npodyKmos
arnkunupoeaHusi cuaHarsibl MPOMoHo8 KapbamoKcu-epy bl Nposensomcs 8 sude 08yx cusHanos 8
Ouana3oHe 1.27-1.30 m.0. (3H, m) u 4.24-4.29 (2H, ks8), a npomoHbl SCH, datom cuzHan 8 duana-
30He 4.22-4.93 m.0. UccrnedosaHus npomueoMUKpPOB6HOU akmueHOCMU rpodyKmos ankunuposaHusi
rosy4eHHbIX OYHKUUOHaNU3upo8aHHbIX Mpou3eodHbIx mueHo[2,3-djnupumuduHa, coomeemcmeeH-
HO amun 3-ankun-5-memurn-2-({2-[apunamuHo]-2-okcoamus}muo)-4-okco-3,4-0ueudpomueHo|2, 3-d]
nupumuduH-6-kapbokcunamos u amus 3-ankun-5-memurn-4-okco-2-{[(3-apusn-1,2,4-okcaduason-5-urn)
memusijmuo}-3,4-dueudpomueHo[2, 3-d]nupumuduH-6-kapbokcunamos rno3eosnuso ycmaHo8UMb, Ymo
COeOQUHEHUS NPosIBsiom yMepeHHyr aHmubakmepuarbHyro akmueHOCMb, 0OHAKO MPOU3800HbIE
C H-6ymuribHbIM 3aMecmumerieM 8 rofoxeHuu 3 mueHo[2,3-dnupumuduHo8ol cucmembl 3HaqUu-
mernbHO yeHemarom pocm 2puboe Candida albicans.
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HYDROLYTIC CLEAVAGE OF THE PYRIMIDINE RING
IN 2-ARYL-[1,2,4]TRIAZOLE[1,5-¢]QUINAZOLINES:
PHYSICO-CHEMICAL PROPERTIES AND THE
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SYNTHESIZED
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It has been shown that 2-aryl-[1,2,4]triazolo[1,5-c]-quinazolines under the action of nucleophilic
agents (hydrazine hydrate, sodium hydroxide, sodium methoxide, hydrochloric acid) undergo hydro-
lytic cleavage followed by formation of [2-(3-aryl-1H-1,2,4-triazol-5-yl)-phenyl]lamines. The rational
synthetic protocols for the compounds mentioned above, namely heating in the hydrochloric acid
solution at 90-95°C for 60 min, have been proposed. It has been found that substituents in position 2
of the triazoloquinazoline moiety do not significantly affect duration of the reaction and the yields of
products. Purity and the structure of the compounds synthesized have been proven by the correspond-
ing physico-chemical methods, namely: elemental analysis, LC-MS, 'H, *C NMR-spectrometry and
X-ray structural study. The azole-azole prototropic tautomery has been substantiated using physico-
chemical analytical methods. According to the data obtained in gas or DMSO medium compounds 2
exist as tautomer A or C, while in the crystal lattice the anilines mentioned exist as A-form. It has been
determined that 2-(3-aryl-1H-1,2,4-triazol-5-yl)phenyllamines (2.1, 2.8, 2.14) in the dose of 10 mg/kg
are as good as reference-drugs Metformin (in the doses of 50 and 200 mg/kg) and Gliclazide (in the
dose of 50 mg/kg) by their hypoglycemic activity when assessing specific pharmacological activities

in oral glucose tolerance test (OGTT), rapid insulin and adrenaline test models.

Recent publication describes hydrolytic cleavage of
azole and azine condensed cycles under the action of
nucleophiles [1, 3,6,4,9, 11, 12, 15, 17, 20, 25, 26, 28,
29]. It is known that kinetics of the reactions mentioned
depends on basic properties of nucleophilic reagents.
Strong nucleophiles (hydroxides and alkoxides of alkaline
metals, hydrazine hydrate) easily react with the given
substrates in the water or alcohol-water medium for 1 h
and form products with high yields [4, 15, 20, 25, 26,
28, 29]. Moreover, water may play the role of a nucleo-
phile in hydrolytic cleavage reactions. In this case the re-
action proceeds for 1 h and needs acidic catalysis [1, 6].
It has been noted that cleavage of the pyridine cycle of
2-aryl-[1,2,4]triazolo[1,5-c]quinazoline is insufficiently
known in spite of potentially bioactive products of this
transformation. In addition, products of the reactions
mentioned may take a worth place in the process of de-
velopment of approaches for forming new heterocyclic
systems and drug discovery [2, 8, 13, 18, 19, 23, 24].

Moreover, we found reports where the hypoglyce-
mic activity of derivatives of 1,2,4-triazole were described.
Thus, A.K.Mohammed Igbal and co-authors discussed
in their research the hypoglycemic and hypolipidemic
action of novel compounds, which molecules contained

the thiazolidone fragment attached to the triazole cycle
via phenoxyethenthiol “linker” groups [14]. 4-Methyl-3-
(R-phenyl-,1-methyl-1H-indol-4(5)-yl)-5-(R-phenyl-)-
4H-1,2 4-triazoles as selective inhibitors of 11f-hydroxy-
steroid dehydrogenase 1 were described as prospective
glucose-lowering agents by Susan D. Aster and co-authors
[7], and “ELI LILLY and COMPANY” applied for patent
series of 2-R,-4-R,-5-alkaryl-(alkheteryl-, aryl-(heteryl-)
oxy-, aryl-(heteryl-)thio-, aryl-(heteryl-)amino-)-2,4-di-
hydro-3H-1,2,4-triazol-3-ones(thiones) with high affini-
ty to nuclear hormonal receptors. They may be used for
treating diabetes, cardiovascular disorders, obesity, X-
syndrome and gastrointestinal disorders [21, 22], etc.

Thus, the aims of the present research were to study
the peculiarities of the given type of the reaction, eluci-
dation of the effect of 0-, m-, p-substituted aryl moiety
in position 2 of [1,2,4]triazolo[ 1,5-c]quinazolines on the
process of the pyrimidine cycle hydrolytic cleavage, as
well as the hypoglycemic action of the compounds syn-
thesized.

Experimental Part

1. Chemistry

1.1. General method. Melting points were determined
in open capillary tubes and were uncorrected. The ele-
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mental analyses (C, H, N, S) were performed using an
ELEMENTAR vario EL Cube analyzer (USA). Analyses
were indicated by the symbols of the elements or func-
tions within +£0.3% of the theoretical values. 'H NMR
spectra (400 MHz) and *C NMR spectra (100 MHz):
were recorded on a Varian-Mercury 400 (Varian Inc.,
Palo Alto, CA, USA) spectrometer with TMS as an in-
ternal standard in DMSO-d, solution. LC-MS were re-
corded using the chromatography/mass spectrometric
system consisting of high performance liquid chroma-
tographer “Agilent 1100 Series” (Agilent, Palo Alto, CA,
USA) equipped with a diode-matrix and a mass-selec-
tive detector “Agilent LC/MSD SL” (atmospheric pres-
sure chemical ionization — APCI). Electron impact mass
spectra (EI-MS) were recorded on a Varian 1200 L in-
strument at 70 eV (Varian, USA).

Substances 1.1-1.16 were synthesized according to
the procedures reported [16]. Other starting materials
and solvents were obtained from commercially avail-
able sources and used without additional purification.

1.2. The general procedure for the synthesis of [2-(3-
aryl-1H-1,2,4-triazole-5-yl)penyl]amines (2.1-2.17). Add
1-2 ml of concentrated hydrochloric acid to 10 mmol
of 2-aryl-[1,2,4]triazole[1,5-c]quinazolines (1.1-1.17) in
10 ml of the water-alcohol mixture (1:1). Reflux the mix-
ture obtained for 60 min. Then dilute the mixture with wa-
ter and add 5% solution of sodium acetate to form the solu-
tion with pH 5-6. Filter the precipitates of compounds 2.1-
2.17 and dry. Crystallize the compounds from methanol.

[2-(3-Phenyl-1H-1,2 4-triazole-5-yl)phenylJamine (2.1).
EI-MC, m/z (1, %): 237(15.6), 236(M*. 100), 207(6.0),
119(9.7), 118(21.7), 105(7.0), 104(38.6), 103 (4.0), 91(17.4),
90(7.2), 78(9.0), 77(27.1),63(5.1), 51(9.1).

{2-[3-(2-Bromophenyl)-1H-1,2.4-triazole-5-yl|phe-
nyl}amine (2.4). EI-MC, m/z (1, %): 317(13.2), 316(97.7),
315(12.9), 314(M*. 100), 236(7.4), 198(8.3), 196(9.6),
133(7.2), 131(5.7), 129(8.8), 119(5.8), 118(14.1), 117(6.7),
106(5.5), 105(11.8), 104(92.1), 103(31.2), 102(17.4),
91(14.5), 90(21.8), 89(14.0), 88(7.3), 85(5.4), 79(7.1),
78(22.5), 77(38.3), 76(13.1), 75(8.0), 65(9.2), 64(7.9),
63(11.6), 62(6.1), 52(7.0), 51(15.5).

{2-[3-(2-Methoxyphenyl)-1H-1,2 4-triazole-5-yl|phe-
nyl}amine (2.6). EI-MC, m/z (I, %): 267(16.9), 266(M ™.
100), 265(8.2), 252(8.1), 248(6.3), 237(6.7), 236(9.3),
223(10.0) 146(9.3), 133(6.6), 132(5.5), 119(24.3), 118(35.9),
105(19.6), 104(48.6), 103(5.8), 102(5.1),92(5.8),91(19.1),
90(9.2), 85(9.1), 83(11.8), 79(7.4), 78(16.1), 77(38.8),
76(6.6), 65(8.6), 64(6.1), 63(6.4), 51(15.5).

{2-[3-(4-Methylphenyl)-1H-1,2,4-triazole-5-yl|phe-
nyl}amine (2.12). EI-MC, m/z (1, %): 251(16.3), 250(M*".
100), 221(7.8), 133(7.3), 132(18.8), 131(11.8), 119 (1.8),
118(7.2), 105(9.9), 104(49.6), 91(20.3), 90(5.3), 78(12.4),
77(18.5), 65(7.5), 51(7.7); EI-MC. m/z (I,,. %) =267(18.5),
266(M*. 100), 223(7.0), 148(10.5), 133(30.5), 119(5.6),
118(5.2), 105(17.9), 104(40.5), 91(8.1), 90(5.8), 78(12.6),
77(16.3), 76(5.7), 65(5.4), 63(5.1), 51(9.4).

{2-[3-(4-Fluorophenyl)-1H-1,2,4-triazole-5-yl|phe-
nyl}amine (2.13). EI-MC, m/z (I, %) =255(15,0), 254(M*,
100), 137(9,5), 136(19,6), 109(18,4), 105(8,0), 104(36,9),
95(10,1), 78(9,3), 77(13,2), 51(6,8).

{2-[3-(4-Chlorophenyl)-1H-1,2,4-triazole-5-yl|phe-
nyl}amine (2.14). EI-MC, m/z (I, %): 272(37.9), 271(14.1),
270(M*. 100), 154(9.6), 153(9.3), 152(21.8), 129(4.4),
127(5.3), 125(15.7), 119(7.2), 118(8.3), 111(11.2), 105(12.6),
104(63.4), 103(8.6), 102(7.5), 91(10), 90(19.1), 89(7.6),
85(8.3), 83(6.3), 79(6.6), 78(17.1), 77(26.6), 76(8.3), 75(10.7),
71(5.5), 69(9.4), 65(6.2), 63(9.8), 57(8.1), 55(6.2), 52(6.2),
51(10.8).

(2-{3-[4-(Trifluoromethyl)phenyl]-1H-1,2,4-triazo-
le-5-yl]phenyl}amine (2.16). EI-MC, m/z (1, %) =
305(17.5), 304(M™. 100), 187(10.1), 186(10.7), 145(9.5),
119(8.3), 118(11.2), 105(9.0), 104(51.4), 78(13.4), 77(20.0),
65(5.2), 51(10.2).

{2-[3-(4-Methoxyphenyl)-1H-1,2 4-triazole-5-yl]phe-
nyl}amine (2.17). EI-MC, m/z (1., %): 267(18.5), 266(M™*".
100), 223(7.0), 148(10.5), 133(30.5), 119(5.6), 118(5.2),
105(17.9), 104(40.5), 91(8.1), 90(5.8), 78(12.6), 77(16.3),
76(5.7), 65(5.4), 63(5.1), 51(9.4).

1.3. X-Ray diffraction study of 2.16. The colourless
crystals of 2.16 (C,;H,,N,F,) are orthorhombic. At 293 K
a=7.745(2), b=11.435(2), c=30.528(7) A, V=2704(1) A,
Mr=304.28, Z =8, space group Pbca, d_,. = 1.495 g/cm’,
w(MoK,) = 0.122 mm™', F(000) = 1248. Intensities of
16607 reflections (2380 independent, R, =0.194) were
measured on a “Xcalibur-3” diffractometer (graphite mono-
chromated MoK, radiation, CCD detector, m-scaning,
20max = 50°). The structure was solved by the direct
method using SHELXTL package [27]. Positions of the
hydrogen atoms were located from electron density dif-
ference maps and refined by the “riding” model with
U,, = 1.2U,, of the carrier atom. The hydrogen atoms
of the amino and NH groups were refined in isotropic
approximation. Full-matrix least-squares refinement against
F? in anisotropic approximation for non-hydrogen atoms
using 2354 reflections was converged to wR, = 0.191
(R, =0.068 for 927 reflections with F>4c(F), S = 0.869).
The final atomic coordinates and crystallographic data
for molecule 2.16 were deposited from the Cambridge
Crystallographic Data Centre, 12 Union Road, CB2 1EZ, UK
(fax: +44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk).
They are available on request quoting the deposition
numbers CCDC 1029407.

2. Pharmacology

2.1. Hypoglycemia activity test. The study of the hypo-
glycemic action was conducted using 120 male Wistar
white rats (with the weight of 260-280 g., aged 3.5 months)
from nursery of PE “Biomodelservice” (Kyiv, Ukraine).
Experiments on animals were done according to bioethic
principles [10]. Selected after quarantine the animals
were divided by random sampling in groups of 6 male
rats on the assumption of the absence of the external
signs of diseases and homogeneity by weight (£15%).
Experimental animals were not fed within 12 h before
introduction of the compounds studied. The weight of
all animals was measured before the experiments. The
compounds studied were injected intragastrically using
atraumatic probe as the water solution or a finely dis-
persed suspension stabilized by Tween 80 in the dose of
10 mg/kg. Intact and control groups received equivalent
volumes of water by the same way. The hypoglycemic
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Scheme. Hydrolytic cleavage of the pyrimidine ring in 2-aryl-[1,2,4]triazolo[1,5-c]-quinazolines
and tautomeric transformation of [2-(3-aryl[1,2,4]triazol-5-yl)phenyl]amines.

action of the compounds synthesized was evaluated by
changes in the glucose level before and after injection
of the compounds studied. Measurements of the glucose
level were carried out in 2, 4, 6 and 8 h after injection.

The primary insulin resistance was induced by a
daily intramuscular injection of glucocorticoid, namely
dexamethasone, in the dose of 0.125 mg/kg for 13 days
[5, 30]. The state of glucose homeostasis was evaluated
by values of basal glycemia and carbohydrate tolerance
determined by the oral test for glucose tolerance, rapid
insulin test and adrenaline test [5, 30]. Metformin in the
doses of 50 and 200 mg/kg and Gliclazide in the dose
of 50 mg/kg were used as reference drugs.

Statistical analysis was performed using a standard
software complex, namely “Microsoft Office Excel 2003”
and “STATISTICA® for Windows 6.0” (StatSoft Inc.,
Ne AXXR712D833214FANS). For each estimated value
in the arithmetic mean (M), and in the standard error
of the mean (+m) were determined. During verification
of statistical hypotheses, in the null hypothesis was re-
jected if in the statistical criterion p<0.05.

Results and Discussion

1. Chemistry. 1t was found that hydrolytic cleavage
of 2-aryl-[1,2,4]triazolo[1,5-c]-quinazolines (1.1-1.17)
occurred in the alcohol-water mixture medium in the
presence of hydrochloric acid at 90-95°C for 60 min
with the yields of 89.6-99.2% (Scheme). The synthetic
protocols proposed are optimal for preparation of target
compounds, while using hydrazine hydrate, sodium hy-
droxide and sodium methylate as reagents resulted not
only in 2.1-2.17, but in products of greater decomposi-
tion of the initial molecule. Increase of the process time
did not affect the yields of 2.1-2.17. As we considered,
protonation of N¢-atom, which caused increase of the
positive charge at C.-atom, was significant for hydro-
lytic cleavage process. An adduct formed easily added
the molecule of water (nucleophile), and it resulted in
cleavage of N(4)—C(5) bond, and followed by the nu-
cleophilic attack of another molecule of water leading
to elimination of formic acid and formation of 2.1-2.17.
We also noted that in the conditions proposed there was
no significant effect of the substituent’s nature in posi-
tion 2 of the triazoloquinazoline system on duration of
the reaction and yields of final products.

Purity and the structure of the compounds synthesi-
zed were proven by the corresponding physico-chemical
methods, namely: IR, 'H and '3C NMR, mass-spectro-
metry and X-ray structural analysis. In LC-MS spectra

of 2.1-2.17 the high-intensive signals of quasi-molecu-
lar ions [M+1] and [M+2] corresponding to the calcula-
ted molecular weight were observed and definitely pro-
ved the fact of the pyrimidine cycle cleavage of the py-
rimidine fragment in 1.1-1.17 (Tab. 1).

In '"H NMR-spectra of compounds 2.1-2.17 the sig-
nals of aromatic protons of the aniline fragment with the
proper chemical shift and multiplicity were observed,
namely: doublet H* at 8.11-7.78 ppm, triplet H* — 6.96-
6.51 ppm, triplet H> — 7.57-7.08 ppm, doublet H® — 7.16-
6.74 ppm (Table 2). Chemical shifts of the aryl frag-
ment in position 3 depended on the position and the na-
ture of substituents and were registered at 8.41-7.02 ppm.
Among the peculiarities of "H NMR-spectra for 2.1-2.17
the signals caused by the presence of NH,-group were
observed. Thus, the signals mentioned were present as
a broad singlet at 6.75-6.26 ppm (2.1-2.3, 2.6-2.9, 2.12,
2.14, 2.16) or absent (2.4, 2.5, 2.10, 2.11, 2.13, 2.15,
2.17) as the result of exchange processes caused by pro-
totropic azol-azol tautomery in 2.1-2.17 (Scheme). The
absence (2.8, 2.11,2.12,2.14, 2.15,2.17), doubling (2.1)
or broadening (2.2-2.7, 2.9, 2.10, 2.13, 2.16) of signal
caused by NH-proton of the triazole cycle may be also
explained by the abovementioned phenomenon. Thus,
[2-(3-R-[1,2,4]triazol-5-yl)phenyl]amines (2.1-2.17) in
DMSO-d° are subjected to tautomery and may exist as
2H (A), 1H (C) and 4H (B) forms (Scheme).

For additional verification of the structure of the
compounds synthesized, as well as for tautomeric pro-
cesses *C NMR-spectra were studied (Table 3). Signal
correlations were carried out using the DEPT-method.
It was found that signals caused by C* and C° atoms of
the triazole cycle in molecules 2.1-2.17 were observed
as broad singlets at 162.81-158.10 ppm and 158.86-
150.79 ppm. It proves tautomeric transitions in DMSO-d®
solutions. Besides, the signal of the atom of the aniline
fragment deshielded as a result of the electron effect of
the amino group C! proves hydrolytic cleavage of the
pyrimidine cycle.

Mass-spectra (EI) of compounds (2.1, 2.4, 2.6, 2.12,
2.13, 2.14, 2.16, 2.17) were characterized by high mo-
lecular ions [M]". It is important to note that a donor
or acceptor affecting the aryl substituent in position 2
had a significant influence on the directions of fragmen-
tation. Thus, for compounds containing a donor sub-
stituent (2.1, 2.6, 2.12, 2.17) two parallel directions of
fragmentation were observed. The first one was caused
by breaking N(2)—C(3) and C(5)-N(1) bonds followed
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Table 1
The physico-chemical data of [2-(3-aryl-1H-1,2,4-triazol-5-yl)phenyl]amine (2.1-2.17)
. Calculated Molecular
° [0) 4 0, -
Compd. R M.p.,°C Yield, % N (%) formula Found, N (%) LC-MS, m/z
2.1 H 188-190 99.2 23.71 C.HN, 2373 237 [M+1], 238 [M+2]
22 2-F 195-197 89.6 22.04 C,.H, FN, 22.07 255 [M+1], 256 [M+2]
2.3 2-Cl 156-158 92.8 20.70 C,,H,,CIN, 20.73 271 [M+1], 273 [M+3], 274 [M+4]
24 2-Br | 143-145 92.9 17.78 C,H,BrN, 17.75 316 [M+1], 317 [M+2]
25 2-CF, | 201-203 90.7 18.41 C,oH, N, 18.38 305 [M+1], 306 [M+2]
26 | 2-OCH, | 135-136 90.6 21.04 C,.H,.N,0 21.06 267 [M+1], 268 [M+2]
2.7 3-F 215-217 938 22,04 C.H, FN, 22,01 255 [M+1], 256 [M+2]
2.8 3-Cl 196-197 95.5 20.70 C,,H,,CIN, 20.67 271 [M+1], 273 [M+3], 274 [M+4]
29 3-Br | 196-197 96.6 17.78 C,.H, BN, 17.81 316 [M+1], 317 [M+2]
210 | 3-CF, | 237-239 94.2 18.41 C,.H, F.N, 18.45 305 [M+1], 306 [M+2]
211 | 3-OCH, | 177-179 95.5 21.04 C,.H,.N,0 21.09 267 [M+1], 268 [M+2]
2.12 4-CH, 166-168 97.6 22.38 CsHN, 22.35 251 [M+1], 252 [M+2]
2.13 4-F 209-211 93.4 22.04 C,H,.FN, 22.01 255 [M+1], 256 [M+2]
2.14 4-Cl | 289-291 97.3 20.70 C,H,CIN, 2073 271 [M+1], 273 [M+3], 274 [M+4]
2.15 4-Br 216-218 98.4 17.78 C,,H,,BrN, 17.76 305 [M+1], 306 [M+2]
2.16 4-CF, 252-253 94.1 18.41 CsHy F3N, 18.39 305 [M+1], 306 [M+2]
217 | 4-OCH, | 206-207 913 21.04 C,.H,.N,0 21.01 267 [M+1], 268 [M+2]
Table 2
'"H NMR-spectra of [2-(3-aryl-1H-1,2,4-triazole-5-yl)phenyl]amine (2.1-2.17)
'HNMR, & ,J(H
Compd. (ppm), J (Hz)
NH (bs) H-3, (d) H-5, (t) H-6, (d) [ NH,(bs) | H-4,(t) 3-Ar
2.1 14.48/14.20 7.78(7.7) 7.14(7.5) 6.83(7.7)| 6.72 |6.63(7.4)|8.09(d,7.0,2H,H-2",6"),7.49 (m, 3H, H-3'4’5")
8.11 (t,J=7.3 Hz, 1H, H-6%), 7.50 (bs, TH, H-4"),
2.2 14.36 7.87 7.15(7.2) 6.85(8.1)| 6.75 |[6.65(7.3) 7.35 (m, 2H, H-3". 5')
7.33-7.22(m, 7.92(d,J=6.7Hz, 1H,H-6"),7.43 (d,J=7.4Hz,
23 1391 780(7.2) | S Gy |67481)| 626 |658(7.3)| 1 LG0T 0 e Jn 73 He 1, 15
8.07 -7.69 (m, A
24 14.40 3H, H-3, H-3',6") 7.14 (6.6) 6.82(8.0)| 6.76 [6.63(7.3)|7.60-7.27 (m,2H, H-3", H-4")
2.5 14.49 7.84 (m, 4H, H-3,H-3'56"), 7.17 (t, 1H, H-4°), 6.74 (m, 3H, H-4,5,6)
8.24(d,J=6.9Hz, 1H, H-6'), 7.05 (m, 3H, H-3",
2.6 13.54 8.05 (7.5) 737 (7.7) 6.75(8.1)| 6.29 |[6.59(7.4) 4,5Y),3.98 (s, 3H, OCH,)
7.83 (m, 2H, H-2,6"), 7.54 (dd, J= 13.8, 7.2 Hz,
2.7 14.42 7.94(7.5) 7.14(7.2) 6.84(8.1)| 6.71 |6.62(7.2) 1H, H-5"), 7.26 (t, J = 8.0 Hz, 1H, H-4")
8.10 (s, TH, H-2"),8.06 (d, J =
28 - 7.88(7.8) 70176 [682(82)| 671 [660(74) 55 e S o s
8.24 (s, 1H,H-2)),8.08 (d, J = 7.7 Hz, TH, H-6)),
2.9 14.15 7.75 (6.2) 7.08 (7.2) 6.79(7.8)| 6.26 [6.59(7.3)|7.49(d,J=6.8Hz 1H,H-4"),7.35(t,J=7.5Hz
1H, H-5")
210 |1461/1430] OVeNaPSON | 24370 les3(72)| - 661 (74|54 - 830(m 2H H-2.61,7.70 (m, 3H, H-3,
3-Ar H-4°,5")
7.64(d,J=7.6Hz, 1H,H-6"),7.59 (s, TH, H-2"),
2.11 - 7.83(5.8) 7.08 (7.5) 6.94 (8.0) - 6.59(7.4)|7.36 (t,J=7.9Hz 1H,H-5"),6.79 (d, /=8.1 Hz,
1H, H-4), 3.83 (s, 3H, OCH,)
Overlaps on 8.03 (m, 3H, H-3,H-2",6"),7.33 (d,/J=7.2 Hz,
2.12 - 3-Ar 7.25(6.9) 7.06(7.4)| 6.22 |6.88(6.9) 2H, H-3',5"), 2.37 (s, 3H, CH.)
8.13(t,J=6.7Hz,2H,H-2°,6"),7.34 (t, /=
2.13 14.36 7.83(7.3) 7.15(7.3) 6.85 (7.8) - 6.64 (7.0) 7.7 Hz 2H, H-3'5°)
8.30(d,J=7.1Hz 2H,H-2'6"),7.85(d, 2H, J =
2.14 - 8.11 (7.0) 7.57 (7.0) 7.16 (7.0) 6.84-6.63 7.1 Hz, 2H, H-3'5)
7.85(d, J=8.0Hz, 2H,H-2",6"),7.66 (d, J =
2.15 - 7.62 (8.0) 7.15(7.3) 6.85 (8.0) - 6.63 (7.3) 7.9 Hz, 2H, H-3'5")
216 [146014.23] OVeIEPSON | 71176) |68207.5)| 673 |660(7.4) |52 (SO%J =8.0Hz2H, H-2'6), 7.74 (m, 3H, H-3,
8.10(d,J=8.4 Hz,2H,H-2'6,7.09 (d, J =
217 - 8.04 (7.6) 7.29 (7.5) 7.13(7.9) - 6.96 (7.0) 8.5 Hz, 2H, H-3",5"), 3.83 (s, 3H, OCH,)
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Table 3

BC NMR-spectra of [2-(3-aryl-1H-1,2,4-triazole-5-yl)phenyl]amine (2.1-2.17)

Compd.

“CNMR, & (ppm), J (Hz)

triaz.
c3

triaz.
C-5

C1

C-5

C3

C-4

C-6

C-2 3-Ar

s

160.73

154.13

147.44

129.20

126.44

116.50

115.28

108.96 | 131.40 (C-1,3,4,5), 127.47 (C-2,6)

[NEIN

162.81

154.66

146.83

129.72

124.59

116.02

115.16

159.30 (C-2), 131.12 (C-5), 130.32 (C-4), 127.18 (C-6),

10926 | 176 36 (C3)

161.74

156.78

147.02

131.47

126.83

116.55

115.81

132.48 (C-2), 130.64 (C-1, 3), 130.44 (C-6), 130.00 (C-4),

109.90 127.57 (C-5

24

159.40

154.54

146.80

130.33

126.99

116.01

115.11

133.54 (C-3), 131.54 (C-1), 131.27 (C-5), 131.01 (C-6),

107.95

25

158.89

154.83

147.10

13144

126.54

116.14

115.07

C-
127.47 (C-4),121.00 (C-
C-

132.27 (C-5), 132.06 (
129.26 (C-6), 126.67 (C-

,130.81 (C-4), 130.30 (C-1),

(C-
107.37 123.87 (q, J = 276.9 Hz, CF,)

2.6

160.58

150.79

146.33

130.71

120.30

115.53

115.03

156.45 (C-2), 129.14 (C-
115.79 (C-1),110.97 (C

128.91 (C-4), 127.93 (C-5),

112.80 55.05 (OCH,)

2.7

158.10

154.18

147.50

130.97

127.65

116.60

115.60

109.28 ,131.34 (C-1), 122.43 (C-6),

2.8

158.15

157.65

147.40

131.12

125.86

116.46

115.56

134.01 (C-3), 132.99 (C
127.77 (C-4), 124.88 (C

110.02 ,130.61 (C-5), 129.17 (C-2),

29

159.32

155.84

147.28

131.58

127.33

116.53

115.56

134.12 (C-1
125.12 (C-6

130.68 (C-
122.50 (C

108.54 , 130.46 (C-2), 129.04 (C-4),

2.10

158.93

155.64

146.96

132.10

126.86

116.06

115.04

1
2
2
3
6
-3
162.88 (C-3), 133.00 (C-5
-2
-1
-6
5
-3
-5

130.27 (C-1
123.78 (C-3), 122.06 (C-2

129.79 (C-5), 129.33 (C-6), 124.99 (C-4),

)
)
)
)
)
)
)
)
)
)
)
)
107.83 ;

2.1

161.50

154.15

147.09

130.42

127.79

116.50

115.35

159.87 (C-3), 130.05 (C-1, 5), 118.81 (C-6), 115.69 (C-4),

108.571171 .58 (C-2), 55.43 (OCH,)

2.12

157.36

152.59

142.28

130.12

127.57

118.37

113.39

)
)
)
)
),
),
),
),
),
116.44 (C-4),112.96 (C
)
),
),
),
),
),
)
)
)

139.31 (C-4), 130.12 (C-1), 129.32 (C-3,5), 126.03 (C-2,6),

1106415091 (CH,)

2.13

159.35

155.65

146.72

130.02

127.17

116.11

115.26

108.00 | 162.68 (C-4), 130.45 (C-1), 128.09 (C-2,6), 115.70 (C-3,5)

2.14

161.94

157.48

146.98

130.48

125.65

116.05

115.09

108.76 | 134.10 (C-1, 4), 128.81 (C-3,5), 126.41 (C-2,6)

2.15

162.65

158.86

146.74

130.87

124.77

116.14

115.23

110.90 | 131.49 (C-3,5), 131.14 (C-2,6), 129.88 (C-1), 122.00 (C-4)

2.16

160.38

155.44

146.81

130.33

126.74

116.08

114.96

137.89 (C-1), 128.52 (C-4), 127.62 (C-3,5), 125.29 (Ph C-2,6),

107.78 1 154,25 (CF.)

217

158.56

157.08

141.31

130.60

119.67

114.86

114.73

110.02 | 161.05 (C-4), 128.26 (C-2,6), 121.24/120.53 (C-1), 55.74 (OCH,)

by formation of [M—N,|* fragmental ion; the second one
by breaking N(1)-N(2) and C(3)-N(4) followed by for-
mation of [M—o-NH,C,H,CN]" ion (m/z 118). At the
same time for compounds with an electron acceptor sub-
stituent (2.4, 2.13, 2.14, 2.16) only fragmentation by
N(1)-N(2) and C(3)-N(4) bonds followed by formation
of [M—o-NH,C,H,CN]™ ion (m/z 118) was typical. More-
over, all compounds studied formed [M—o-NH,C,H,-CHN]"~
ion (m/z 119). As we consider, formation of alternative
ions with m/z 119 and 118 may be explained by exis-
tence of 1,2,4-triazol in the gas phase as two tautomer
forms (A and C).

The spectral data of 10.1-10.6 presented allowed to
prove the structure of the given compounds, but for un-
deniable elucidation of the nature of the molecule for-
med, as well as for clarification of a tautomeric form
in the crystal state the X-ray structural study for com-
pound 2.15 was used.

All non-hydrogen atoms of molecule 2.15 with the
exception of fluorine atoms lie in the plane within 0.02 A
(Fig. 1). Planar conformation is stabilized by the N4-
H4Nb...N3 intramolecular hydrogen bond (H...N 2.05
A N-H...N 126°) and the H14...N1 and H10...N3 at-
tractive interactions (H...N are 2.59 A and 2.60 A, re-
spectively, compared to the van der Waals radii sum [31]

2.67 A); it may not be considered as hydrogen bonds
due to too small bond angles (99° and 101°, respecti-
vely, Fig. 1). In the crystal phase molecules 2.15 form
corrugated chains along the [0 1 0] crystallographic di-
rection due to formation of N2-H...N4’ (0.5-x, y-0.5, z)
H...N 2.01 A N-H...N 161°. The participation of the
lone pair of the N4 atom in this hydrogen bond results
in pyramidal configuration of the amino group (the sum
of bond angles centered at the N4 atom is 335°). The
neighbouring chains are bonded by the N4-H4Na...N1’
(-x, 0.5+y, 0.5-z) intermolecular hydrogen bond (H...N
2.43 AN-H...N 135°).

Thus, it was shown that 2-aryl-[1,2,4]triazolo[ 1,5-
c]quinazolines under the action of nucleophilic agents

Fig. 1. The molecular structure of compound 2.15 according
to X-ray diffraction data.
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Fig. 2. The results of studying the hypoglycemic activity
of [2-(3-phenyl-(2.1) 3-(2-R-phenyl)-(2.2-2.6)-1H-[1,2,4]triazolo-5-yl)phenyllamines.
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Fig. 3. The results of studying the hypoglycemic activity

of [2-(3-phenyl- (2.1) 3-(3-R-phenyl)-(2.7-2.11)-1H-[1,2,4]triazolo-5-yl)phenyl]amines.

undergo hydrolytic cleavage followed by formation of
[2-(3-aryl-1H-1,2,4-triazol-5-yl)phenyl]amines. The pro-
totropic azole-azole tautomery has been also proven us-
ing physicochemical methods. We noted that the com-
pounds synthesized exist as A-forms in crystals and as
the equilibrium system of A and C-forms in dimethyl-
sulfoxide solutions and the gas phase.

2.2. Hypoglycemic activity

The results of the preliminary hypoglycemic activi-
ty assay are presented in Fig. 2-4. Thus, [2-(3-phenyl-
1H-[1,2,4]triazolo-5-yl)phenyl]amine (2.1) decreases the
blood glucose level of normoglycemic rats within the
whole experiment. The glucose level was also lowered
by injection of compounds 2.2, 2.3 and 2.5 containing
fluorine, chlorine and trifluormethyl substituents in po-
sition 2 of the 3-phenyl fragment (Fig. 2). At the same

time compounds containing 2-bromphenyl (2.4) and
2-methoxyphenyl (2.6) moieties in position 3 of the tri-
azole cycle increased the glucose level within the whole
experiment.

Translocation of substituents in the phenyl moiety
from o- (compounds 2.2-2.6) to m- (2.7-2.11) position
significantly changes the action of compounds (Fig. 3).
Thus, most effective glucose lowering agents were com-
pounds 2.8 and 2.9 containing chlorine and bromine. At the
same time compounds with 3-fluoro- (2.7), 3-trifluoro-
methyl (2.10) and 3-methoxyphenyl (2.11) increased the
blood glucose level.

Further modification of the compounds synthesized,
namely translocation of substituents of the phenyl moi-
ety from position 3 (2.7-2.11) to position 4 (2.12-2.17),
also led to ambiguous results. Experimental data have

6.5 —— Intact
6 \ . B 21
5.9 \.\ —A— 212
| & |

. \&*y/ o 213
4.5 N 214
4 % —@— 215
35 . ¢ —e— 216
3
25 = . =,éf///*—l
2

Initial level 2h 4h 6h 8h

Fig. 4. The results of studying the hypoglycemic activity

of [2-(3-phenyl-(2.1) 3-(4-R-phenyl)-(2.12-2.16)-1H-[1,2,4]triazolo-5-yl)phenyllamines.
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Table 4

Results of the specific pharmacologic action evaluation of the compounds synthesized
(oral test for glucose tolerance)

Initial Glucose Glucose Glucose Glucose
Compd. glucose levelin | %increase | levelin | %increase | levelin | %increase | levelin | % increase
level 15 min 30 min 60 min 120 min
Control 5.94+0.1 7.7£0.3 30.5+4.4 8.7+0.2 47.3+2 9.4+0.1 58.6+4.7 6.8+0.2 15.7+2.2
Intact 5.6+0.3 7.5£0.3 35.6+6.2 7.8£0.4 39.9£7.9 6.8+0.3 23.3%7.72 5.5+0.2 -0.03+6.4°
Metformin 200 | 5.5+0.2 6.8+0.1 22.9+2.2 7.5+0.1 37.0+2.9° 7.1+0.2 29.6+1.7° 6.7+0.3 | 22.2+1.8%®
Metformin 50 5.5+0.3 6.1+£0.5 9.3+2.7° 7.4%0.5 33.0+1.5° 7.6x0.6 36.5+4.2° 5.9+0.4 5.9+3.0°
Gliclazide 50 5.7+0.1 7.7+0.1 34.5+4.8 7.920.1 37.3+£3.0° 7.3£0.3 27.8+3.02° 6.2+0.1 7.7£3.1
2.1 5.3%+0.1 7.1£0.1 34.8+1.8 8.1+0.1 52.6+2.3 7.1£0.2 34.9+3.3° 6.1+£0.3 15.1+4.5
2.8 6.1+0.1 7.4+0.1 20.8+0.9 8.3+0.7 35.7+8.8 6.9+0.1 13.7+0.8° 6.7+0.2 9.3+2.2
2.12 5.6+0.5 8.1+0.4 46.4+8.4 8.7+0.6 55.9+4.6 9.3+0.7 66.415.3 7.7£0.5 38.6+5.7°
2.14 5.5+0.1 7.0£0.3 27.7£3.7 7.5£0.5 36.1£6.5 7.7£0.3 39.3+3.6° 5.8+0.2 5.4+1°
@ significant differences (p<0.05) compared to the control group of rats;
b significant differences (p<0.05) compared to the intact group of rats.
shown that some compounds (2.12, 2.14) significantly Table 5

decrease the level of glucose, but other 2.13, 2.15 and
2.16 have quite opposite type of action (Fig. 4).

Thus, the preliminary screening conducted showed
that among the compounds synthesized the most ac-
tive were 2.1, 2.8, 2.12, 2.14. It was found that anilines
2.8 and 2.12 in the phenyl moiety contained a chlorine
atom. At the next stage of our investigation the hypo-
glycemic action of compounds 2.1, 2.8, 2.12, 2.14 was
studied using the glucocorticoid-induced insulin resis-
tance model. Resistance to insulin was formed by the
injection of dexamethasone.

Evaluation of the specific hypoglycemic action (oral
test for glucose tolerance) in conditions of glucocorti-
coid-induced insulin resistance showed that compounds
2.1,2.8, 2.14 exhibited the hypoglycemic action, which
was comparable to the activity of the reference-drugs
“Metformin” (in the doses of 50 and 200 mg/kg) and
Gliclazide (in the dose of 50 mg/kg, Tab. 4). At the same
time compound 2.12 was inactive in the assay mentioned.

Further investigation of compounds 2.1, 2.8, 2.12,
2.14 in rats with glucocorticoid-induced insulin resis-
tance using the rapid insulin test (Tab. 5) allowed to

Results of the specific pharmacologic action evaluation
of the compounds synthesized (rapid insulin test)

-, % decrease
Initial glucose | Glucose level
Compounds . - of the glucose
level in 30 min
level

Control 5.7+0.2 4.3+0.1 -24.6+1.1°
Intact 5.7+0.1 2.3£0.1 -60.4+0.9°
Metformin 200 5.6+0.2 3.6x0.1 -34,6+3.7%
Metformin 50 5.2+0.2 3.7£0.2 -29.8+3.3°
Gliclazide 50 5.4+0.2 3.5+0.2 -34.94+2.8%®
2.1 5.4+0.2 4.0+0.1 -25.7+3.6°
2.8 5.0+£0.5 3.6£0.8 -45.4+1.3%
2.12 5.0+0.3 3.3£0.2 -27.3+2.8°
2.14 5.4+0.4 3.2+0.1 -40.443.7%

@ — significant differences (p<0.05) compared to the control group
of rats; ® - significant differences (p<0.05) compared to the intact
group of rats.

obtain results, which were concordant with the data of
the previous experiments and showed that compounds
2.8 and 2.14 exhibited the hypoglycemic action at the

Table 6

Results of the specific pharmacologic action evaluation of the compounds synthesized (adrenaline test)

Compounds Initial glucose level Gl.ucose Igvel % increase of the Gl'ucose Igvel % increase of the
in 30 min glucose level in 30 min glucose level
Control 5.1£0.1 12.4+£0.5 144.2+7.9° 16.7£0.2 228.9+6.1°
Intact 5.6+0.2 11.5+0.4 104.8+2.72 13.7+£0.6 144.345.7°
Metformin 200 6.7+£0.2 9.6+0.2 42.2+2 8% 10.9+0.1 63.3+4.9%
Metformin 50 5.5+0.1 6.7£0.2 21.2+43.1% 10.6x0.2 92.2+4.9%
Gliclazide 50 6.0£0.1 7.7+£0.2 28.4+5.9% 10.1£0.2 66.4+4.4%
2.1 5.1+0.1 9.8+0.3 93.4+1.8% 8.8+0.7 73.5+10.3%
2.8 6.4+0.1 7.9+£0.3 23.54+2.9% 9.2+0.4 43.8+2.8%
2.12 7.1£04 13.8+2.4 94.5+24.4 17.5+3.3 147.3+£33.8
2.14 6.3x0.3 9.4+0.5 50.5+12.9% 12.2+0.7 93.9+5.2%

2 - significant differences (p<0.05) compared to the control group of rats; ® - significant differences (p<0.05) compared to the intact

group of rats.
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level similar to the reference drugs. Thus, the hypogly-
cemic activity of [2-(3-chloro-1H-[1,2,4]-triazole-5-yl)
phenyl]aniline (2.8) exceeded the action of Gliclazide
by 10.5-15.6%.

We noted that [2-(3-chloro-1H-[1,2,4]-triazole-5-yl)
phenyl]amine (2.8) exhibited a high hypoglycemic ac-
tivity in rats with glucocorticoid-induced insulin resist-
ance using the adrenaline test. Thus, compound 2.8 ex-
ceeded the action of the reference drugs by 19.5-48.4%
(Tab. 6).

CONCLUSIONS

According to the data of the specific pharmacologic
action evaluation of the compounds synthesized (oral
test for glucose tolerance, rapid insulin test and adrenaline
test) the hypoglycemic action of 2-(3-aryl-H-1,2,4-tria-
zol-5-yl)phenyl]amines (2.1, 2.14) in the dose of 10 mg/kg
is not inferior to the action of the reference drugs Met-
formin (in the doses of 50 and 200 mg/kg) and Gliclazide
(in the dose of 50 mg/kg), moreover compound 2.8 ex-
ceeds the activity of the drugs mentioned above.
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rigPONITUYHE POILWEMIEHHA NIPUMIOUHOBOIO LIUKNY

B 2-APUN-[1,2,4]TPUA30IO[1,5-c]XIHA3ONIHAX: ®ISUKO-XIMIYHI BMTACTUBOCTI

TA NNOMIKEMIYHA AKTUBHICTb CUHTE3OBAHUX CMOJTYK

C.B.XonodHsik, K.lN.Lla6enbHuk, I.O.XKepHoesa, T.FO.Cepzeeea, B.B.ls4yk, O.F0.Bocko6OUHIK,
C.l.KoeaneHko, C.[.TpxeuyuHckul, C.I.Okoeumud, C.B.lluwkiHa

Knroyoei cnoea: 2-apun-[1,2,4]Jmpuasono[1,5-c]xiHa3oriHu; 2idponimuyHe po3WernieHHs;
2inoanikemiyHa akmugHicmb

lNokasaHo, wo 2-apurn-[1,2,4Jmpuasono[1,5-c]xiHa3orniHu nid Gicto HyKneoginbHUX peaceHmis (2idpa3uH
eidpam, 2idpokcud abo menunam Hampito, Kucrioma xsopucmogolOHesa) niddarombcs 2i0pOoimu4YHoO-
My PO3WENIeHHIO 3 yMBOPEeHHsM 2-(3-apun-1H-1,2,4-mpua3on-5-in)gpeHinjamirie. 3anponoHosaHi
onmumaribHi yMO8U CUHME3y: X/I0pucmogodHes8a Kucsioma, crnupmo-8o0He cepedosuwie, memrie-
pamypa 90-95°C, mpusanicme 60 xeunuH. BcmaHoerneHo, wo 3a 3arnporoHo8aHuUx yMo8 CUHMe3y
He criocmepizaembCsi Cymmegoa20 8riugy 3aMiCHUKa MOSIOXKEHHS 2 mpua30sioxXiHa30miHo8020 UUKITY
Ha mpusarnicmb peakuyii ma eauxodu KiHuyesux npodykmig. IHOugidyarbHICMb CUHME308aHUX COMYK
nidmeepoxxeHa xpomamomac-criekmpomempieto, bydosa — ennemeHmHumM aHanizom, 'H, *C AMP-,
Mac-criekmpamMu ma PeHmeaeHOCMPYKMypPHUM aHaslizoM. 3a 00rnomMo20or ¢hi3uKo-XiMiHHUX Memodie
0b2pyHmoeaHa a3os1-a30/ibHa (MPomomporHa) maymomMepis CUHMe308aHuX croryk. [Toka3aHo, wo
8 posduHax [MCO ma ea3zoeil ¢pasi 2-(3-apun-1H-1,2,4-mpuason-5-in)¢beHinjamiHu nepesaxHo ic-
Hytomb y guanadi A ma C-¢popm, modi Sk y KpucmaniyHit pewimuyi icHytome y guensidi A-¢gpopmu.
BcmaHoerneHo, wo 2-(3-apun-1H-1,2,4-mpua3son-5-in)gpeninjamiHu (2.1, 2.8, 2.14) e do3i 10 ma/ke
rpu 8U3Ha4yeHHI crieyugidyHol hapmakonoaiyHol akmueHocmi, a came opalslbHOMy mecmi mosnepaHm-
Hocmi 0o emoko3u (OTTT)), KopomKomy iHCYliIHOBOMY ma adpeHarniHO80My mecmi He MocmynarmsCcs
3a einoasiikeMiyHOK akmuegHicmio peghepeHc-ripenapamam «MemagbopmiHy» (0o3a 50 ma 500 ma/ke)
ma «lniknasudy» (dosa 50 me/ke).

r’MaPONIMTUYECKOE PACLUEMNNEHUWE MUPUMUONHOBOIO LIMKIA
2-APUN-[1,2,4]TPUA30JO[1,5-c]IXUHA3ONIMHOB: ®U3UKO-XUMUYECKUE CBONCTBA

WU r’MNOrMMKEMUYECKASA AKTUBHOCTb CUHTE3UPOBAHHbIX COEAUHEHUA
C.B.XonodHsik, K.lN.lLla6enbHuk, I A.)KepHoea, T.FO.Cepzeesa, B.B.Us4yk,
A.l0.BockoboliHuk, C.U.KosaneHko, C.A4.TpxeyuHckutl, C.U.Okosumsiil, C.B.LuwkKuHa
Knroueenbie cnoesa: 2-apun-[1,2,4Jmpuasonof1,5-c]xuHa3onuHbl; 2uGpoIumMuUYecKoe pacuernsieHue;
eurnoanukemu4yeckasi akmueHOCMb

B npedcmasneHHol pabome rnokaszaHo, ymo 2-apun-[1,2,4]Jmpuasono[1,5-c]xuHasonuHbl nod dedi-
cmeueM HyKeogurbHbIX peazeHmos (2udpasuH audpam, 2uGpOoKcUd Hampus unu Memusnam Ha-
mpusi, Kucrioma xsopucmogo0opodHasi) nodeepaaromces 2udponumuUYecKoMy pacuwienseHuro ¢ obpa-
308aHuem 2-(3-apurn-1H-1,2,4-mpua3orn-5-un)peHunjamuHos. [NpednoxeHbl onmumarbHbIe yCrio8ust
CuHmMe3sa: xsiopucmosodopodHas Kucrioma, crupmo-8odHasi cpeda, memnepamypa 90-95°C, npo-
domkumernibHocmb 60 MUHYm. YcmaHO08/1eHo, 4Ymo 8 rnpedriOXeHHbIX yC/108USIX CUHMe3a He Habiio-
0aemcsl 3Ha4uUMesIbHO20 8/IUSIHUSI 3aMEeCmMUMErsi MOofIoXKeHUs1 2 mpua3uHOXUHa30/1uUHOB8020 UuK/ia
Ha npodormKuUMenbHOCMb peakyuu U 8biX00bl KOHEYHbIX POOyKmMos. MHAusUdyaibHOCMb CUHMEe3U-
po8aHHbIX coeduHeHuUl nodmeepxxdeHa xpomamomac-criempomempueli, CmpoeHUe — 3r1IeMeHMHbIM
aHanusom, "H, *C SMP-, macc-criekmpamu U peHmaeHoCcmpyKmypHbIM aHanu3om. C ucrnonb3oea-
HUeM U3UKO-XUMUYecKux Memodo8 060cHo8aHa a3os1-a30/ibHasi (MPomMompornHas) maymomepus
CUHMe3upoeaHHbIx coeduHeHuU. Noka3zaHo, ymo e pacmeopax [AMCO u easzoeoli ¢ghase 2-(3-apur-
1H-1,2,4-mpua3sorn-5-un)beHunjamuHbi ernagHbiM obpasom cyuecmeayrom g sude A u C-gpopm, moe-
0a Kak 8 Kpucmarudeckol pewemke e sude A-¢popmbl. YecmaHosneHo, ymo 2-(3-apun-1H-1,2,4-
mpua3son-5-un)peHurnjamuHsi (2.1, 2.8, 2.14) e 0o3e 10 me/ke rpu ouyeHke auroanukemudeckol
aKkmueHocmu 8 oparibHOM mecme morsepaHmHocmu K entokose (OTTI), KOpOMKOM UHCYTUHOB0OM U
adpeHanuHo8OM mecme He ycmyrnarom o 2unoaauKkeMu4eckol akmueHocmu peghepeHc-npenapa-
mam «MemcepopmuHy» (0o3a 50 u 500 me/ke) u «nukna3udy» (0o3a 50 ma/ke).
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DEVELOPMENT OF THE SPECTROPHOTOMETRIC
METHOD FOR QUANTITATIVE DETERMINATION OF
METRONIDAZOLE IN CAPSULES
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Pathological conditions of the digestive system are quite common nowadays and rank first among
other human diseases. Increasingly, both newly-diagnosed and recurrent cases of stomach ulcers,
as well as duodenal ulcers are recorded. Among solid drug dosage forms capsules are considered
to be the most rational since the drug substance exhibits a low degree of dispersion, which leads to
better absorption, resists additional negative impact in the production process, as well as possesses
a lower damaging action on the mucous membranes of the digestive tract, etc. Thereby capsules are
more and more often recommended for use by preference. Therefore, developing a feasible method
of quantitative determination of metronidazole in capsules — the method of spectrophotometry in the
ultraviolet region of the spectrum has become particularly urgent since high performance liquid chro-
matography recommended by the BP and USP is not used widely in Ukraine. The object of research
was metronidazole capsules. The research has found that the excipients have little effect on the
absorption spectrum of metronidazole obtained by extraction with 0.1 M hydrochloric acid solution
from the content of capsules. The test solution has been proven to be complied with the Beer-Lambert-
Bouguer law within the concentration range of 0.5-10°% — 3.0-10°%. The certification of the method
developed on the model mixtures and a production sample has confirmed its correctness. The average
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results uncertainty ¢ in the former case was 0.11%, whereas in the latter it constituted 0.70%.

Pathological conditions of the digestive system are
quite common nowadays and rank first among other hu-
man diseases. Thus, the most common of these is ulcer
of the stomach and duodenum [5, 7, 10, 12]. As recom-
mended by the Maastricht consensus two lines of therapy
containing metronidazole are used for treatment of this
disease [14, 16-18]. Among solid drug dosage forms
capsules are considered to be the most rational since
they have several significant advantages, including high
bioavailability, increased therapeutic effect, reduction
of the damaging action on the mucous membranes of
the gastrointestinal tract, prolongation of the action to
reduce a negative impact on the drug substance in the
production process, etc. [8, 16].

First of all, the necessary condition for safe use of
medicines is the existence of quality control methods
available in each particular region. The State Pharma-
copoeia of Ukraine (SPhU) recommends to determine
the quantitative content of metronidazole capsules by
using the liquid chromatography method [3]. However,
it should be noted that for Ukraine this method is not
widely available because of the high cost of the analysis
and impossibility of providing the drug quality control
laboratories with chromatographs on a large scale [9].

The aim of our paper was to develop more avail-
able method for determining the quantitative content of
metronidazole in the form of capsules by spectropho-
tometry in the ultraviolet region of the spectrum.

Materials and Methods

The substance of metronidazole (manufacturer: Luotian
Hongyuan Biochemical Co., LTD, China, batch 08111803)
and “TRIKACIDE” capsules containing 500 mg of met-
ronidazole (manufacturer: Pharmascience Inc., 6111, Royal-
maunt Avenue, Montreal, Quebec, Canada, batch 6452653)
meeting the requirements of the SPhU were chosen as
the objects of study.

Such analytical equipment as an “Evolution 60S”
Spectrophotometer (USA), AB 204 S/A METTLER
TOLEDO analytical balance, as well as glassware for
measuring, class A (first class), and reagents meeting
the requirements of the SPhU was used in the study.

The method of study was absorption spectropho-
tometry in the ultraviolet and visible regions by the
method of standard.

All solutions were prepared in accordance with the
SPhU requirements [2, 3, 6, 11, 13, 18, 19].

Construction of the Calibration Curve. Place 0.1000
(accurate weight) of metronidazole standard sample (SS)
in a 100.0 ml volumetric flask, then dissolve in 0.1 M
hydrochloric acid solution, dilute with the same solvent
to the volume and mix thoroughly. Take the aliquot of
0.5 ml; 1.0 ml; 1.5 ml; 2.0 ml; 2.5 ml; 3.0 ml with a pi-
pette in a 100.0 ml volumetric flask, dilute to the volu-
me with 0.1 M hydrochloric acid solution and mix.

Assay of Metronidazole in Capsules. Place the ac-
curate weight of the content of 20 capsules equivalent
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Fig. 1. The effect of excipients on the UV absorption spectrum of the extract from the metronidazole capsules content.

to 0.1000 g of metronidazole (approximately 0.1209 g)
in a 100.0 ml volumetric flask, add 50 ml of 0.1 M hy-
drochloric acid solution, shake for 15 min, dilute with
the same solvent to the volume. Filter the solution ob-
tained, reject the first and the last portions of the filtrate.
Take the aliquot of 1.0 ml of the solution obtained, place
in a 100.0 ml volumetric flask and dilute with the same
solvent to the volume. Measure the absorbance on a
spectrophotometer at the wavelength of 277 nm in a
cell with the layer thickness of 10 mm. In parallel, per-
form the measurement of the metronidazole standard
sample solution.

Preparation of Metronidazole Standard Sample So-
lution. Place 0.1000 g of metronidazole standard sam-
ple in a 100.0 ml volumetric flask, dissolve in 0.1 M
hydrochloric acid solution, and dilute with the same
solvent to the volume. Take the aliquot of 1.0 ml of the
solution obtained and place in a 100.0 ml volumetric
flask and dilute with the same solvent to the volume.

Preparation of Placebo Solution. Place 90.50 mg of
microcrystalline cellulose, 7.00 mg of silicon dioxide
and 7.00 mg of magnesium stearate in a 100.0 ml volu-
metric flask, and dissolve in 0.1 M hydrochloric acid
solution, mix thoroughly, dilute with the same solvent
to the volume. Filter the solution obtained, reject the
first and the last portions of the filtrate. Take the ali-
quot of 1.0 ml of the solution obtained in a 100.0 ml
volumetric flask and dilute with the same solvent to the
volume.

Compensation solution. 0.1 M solution of hydro-
chloric acid.

Calculation formula:

A-mg;-100.0-100.0-1.0- 7 . caps.
A Megps-1.0-100.0-1000

where: 4 — is absorbance of Test solution; A, — is ab-
sorbance of Standard solution; m,,, — is the weight
amount of the drug studied; m , — is the weight amount

X, mg=

of the standard sample; m,,, . — is the average mass
of the content of 20 capsules in the batch under study.

Results and Discussion

As a solvent 0.1 M hydrochloric acid solution was
chosen, which the world’s leading Pharmacopoeias [3,
11, 15, 20] recommend to use for the assay of metroni-
dazole in the substance and the dosage forms.

First of all, the influence of excipients on the ab-
sorption spectrum of metronidazole was determined. In
order to do that, the absorption spectra of the metroni-
dazole standard solution, the extract from the content
of capsules and placebo solution were compared. The
UV absorption spectrum of the extract of the content of
metronidazole capsules almost coincides with the UV-
spectrum of the metronidazole standard sample solu-
tion. The influence of optical absorption of the placebo
solution on absorption of the extract solution from the
capsules content is very insignificant at the analytical
wavelength of 277 nm in the medium of 0.1 M hydro-
chloric acid solution (Fig. 1).

It has been found that the graph of dependence of
the absorbance of metronidazole solution on its concen-
tration is linear at the wavelength of A =277 nm (Fig. 2).
The compliance of the test solutions with the Beer-Lam-
bert-Bouguer law is observed within the concentrations
from 0.5-10% to 3.0x103%. The average value of the
specific absorbance in the experiment was 363.

The method for quantitative determination of met-
ronidazole in capsules proposed was assessed on model
mixtures. The results are presented in Tables 1 and 2.
The uncertainty of the average result € = 0.11% meeting
the requirements of the SPhU.

The results of quantitative determination of metroni-
dazole in capsules on the production sample of the drug
and metrological characteristics obtained from the statis-
tical processing of the measurement results, are presented
in Tables 3 and 4 [1-3, 4, 6]. In this case, the uncertainty
of the average result € meets the SPhU and is 0.70%.
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Fig. 2. The graph of dependence of absorbance on the concentration of metronidazole
solution in 0.1 M hydrochloric acid solution.

Table 1
The results of quantitative determination of metronidazole in model mixtures
Metronidazole The weight amount Absorbance of Absorbaqce of the
of the metronidazole . metronidazole Found, g
taken, g metronidazole
standard sample, g standard sample
0.383 0.383 0.1000
0.384 0.383 0.1003
0.384 0.383 0.1003
0.1000 0.1000 0.389 0.388 0.1001
0.390 0.388 0.1004
0.389 0.388 0.1001
Table 2

Metrological characteristics of the average results of quantitative determination of metronidazole in capsules.

Testing on model mixtures

v X S? S S, A, A, €, %
5 0.1002 0.0000000184 | 0.0001356 0.00005535 0.0002732 0.0001115 0.11
Table 3

The results of quantitative determination of metronidazole in capsules on the production sample

The metronidazole The weight amount Absorbance of the
. Absorbance of . Found, g
capsules content of the metronidazole . metronidazole _
metronidazole (m, . =0.6045)

taken, g standard sample, g standard sample am.

0.1212 0.387 0.382 0.5032
0.1205 0.385 0.382 0.5043
0.1216 0.1000 0.381 0.382 0.4959
0.1210 ’ 0.378 0.382 0.4953
0.1213 0.378 0.382 0.4945
0.1211 0.381 0.382 0.4983

Table 4

Metrological characteristics of the average results of quantitative determination of metronidazole in capsules.
Testing on the production sample

s? S

5

A

X

A, € %

0.4986

0.00001787

0.004227

0.001726

0.00852

0.003477

0.70
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Thus, these results confirm the possibility of quan-
titative determination of metronidazole in capsules by
the method proposed.

CONCLUSIONS

1. The characteristics of metronidazole solution meeting
the requirements of the method of spectrophotometry
have been confirmed.

2. The insignificant effect of the excipients on
absorption of metronidazole in capsules has been
found.

3. The method for quantitative determination of met-
ronidazole in capsules by spectrophotometry in the ul-
traviolet and visible regions of the spectrum has been
developed for the first time.
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PO3POBKA CNEKTPO®OTOMETPUYHOI METOAUKU KINTbKICHOO BUSHAYEHHSA

METPOHIOA30IY B KATMCYIAX

O.C.l'onosyeHko, B.A.leopeisiHy, A.B.Muzanb

Knroyoei cnnoea: MempoHidas30s; Karcynu; cnekmpoghomomempis; KiflbKiCHe 8U3Ha4YeHHSI

Mamonoeii opaaHie mpaesneHHs € 0ocumb MOWUPEHUMU Ha Cb0200Hi ma nocidarome nepuwi mMicus
cepel iHWUX 3axeoprosaHb fto0UHU. Bece yacmiwe ¢hikcytombcesi sunadku siK ernepuie susierieHux 8u-
paskosux deghekmis wiryHka ma deaHadusimurnasoi Kuwku, mak i ix peuudusu. Ceped meepoux
nikapcbKux ¢popMm Karicynu egaxarome Halbinbw payioHanbHUMU, OCKINIbKU fliKapCbKa peqyosuHa
mae marsy OucrepcHicmb, WO CrPUSIE KpawoMy 8CMOKMYy8aHH0, He niddaembcsi 00amKko8oMy He-
2amugHOMYy erifiugy 8 npoueci sUPObHUUMEa, YUHUMb MEHWY NowkKodxyearbHy dito Ha criu308i 060-
JIOHKU WITyHKOBO-KUWKOB020 mpakmy mowio. 3a paxyHOK Ub020 8ce Yyacmilwe peKkomeHOyrmb 3a-
cmocogysamu came Karcyrnu. Y 38’a3Ky 3 UM akmyasnabHUM cmarsio numaxHs po3pobku 0ocmyrnHO20
MemoQdy KifbKICHO20 8U3Ha4YeHHs1 MempoHiOas30sly 8 Karicysax — Mmemody criekmpoghomomempii 8
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ynbmpacdbioriemosit obriacmi criekmpa, OCKiflbKU 8UCOKoeghekmueHa piOuHHa xpomamozepacpisi, pe-
komeHOoeaHa BP ma USP, He Habyna wupokoeo 3acmocyeaHHs1 8 YkpaiHi. O6’ekmom A0CsliOXeHHS
byrio obpaHo Karcynu mempoHida3osny. B xo0i docnidxeHHs1 CmaHo8r1eHo, Wo O0rNOMIXKHI pevyo8UHU
YUHAMb He3Ha4yHUU 8riu8 Ha CrieKkmp roanuHaHHs PO34UHYy MempoHiAa3osy, OmpUMaHO20 WIIIXoM
ekcmpakuii 3i emicmy karicyn 0,1 M po34uHOM Kucriomu xropucmogoOHesoi. [JosedeHo nidnopsokKy-
8aHHs1 00C1iOXKyB8aH020 po34uUHy 3akoHy byeepa-Jlambepma-bepa 8 mexax koHueHmpauyit 0,5 10°% —
3,0-10*%. Amecmau,is po3pobrieHoi MemoOuKu Ha MOOeSIbHUX CyMiwax ma CepitiHOMYy 3pa3sKy rnpe-
napamy nidmeepdouna ii KopekmHicmb. HegusHa4eHicmb cepedHb020 pe3yribmamy & 8 Nepuwomy eu-
nadky cmaHosuna 0,11%, a y dpyeomy — 0,70%.

PA3PABOTKA CNEKTPO®OTOMETPUYECKOWN METOAUKU KONMUYECTBEHHOIO
OMNPEQJENEHUA METPOHUOA3OINA B KAMNCYNAX

O.C.l'onoeyeHko, B.A.eopausiHy, A.B.Muzanb

Knroveenie crioea: MempoHUOa30si; Karcyrsibl; CriekmpogomomMempusi; KOJlU4eCcmeeHHoe
onpederneHue

lMamonoeauu opaaHo8 nuujesapeHus Sesmces 00CmamoYyHO PacrnpoCcmMpaHeHHbIMU Ha Ce200HSW-
Hul OeHb U 3aHUMarom rnepebie Mecma cpedu Opyeaux 3abonesaHuli Yerioeeka. Bee yawe ukcupy-
romcs crydau Kak ernepeblie rnosisUsWUXCs i138eHHbIX 0eghekmoes xeryOka u 0eeHaduyamurnepcmHou
KUWKU, mak u ux peyudusnsl. Cpedu meepObix 5iekapcmeeHHbIX popM Karcyribl cHumaromes Haubo-
Jiee payuoHalslbHbIMU, MMOCKOJIbKY JIeKapCmMeeHHOE 8EU,eCM80 UMeem MasieHbKY OUCepCHOCMBb,
Ymo criocobcmeyem ny4duwiemMy 8cachi8aHuro, He rnodsepaaemcsi OOMOIHUMETbHOMY Hea2amueHOMY
8/1USHUK 8 fipoyecce npousgodcmea, umeem boree HU3Koe rospexodaroujee delicmeue Ha Criu3u-
cmbie 0060104KU XXesTyOOYHO-KULEYHO20 mpakma u m. 0. B ces3u ¢ amum ece Yauie peKoMeHAyom
ucrnosb3o8ame UMEHHO OaHHy0 ¢hbopmy. [1oamomy akmyarbHbIM S18/15€mcsi 80rpoc paspabomku 0o-
cmyrnHo2o memoda Koru4ecmeeHHo20 orpedeneHus MempoHudasosna 8 Karicysax — Memooda Crek-
mpogomomempuu 8 yrnbmpaghuoriemosgoll obsiacmu criekmpa, rnocKosbKy 8bICOKOIghheKkmueHas
JKUOKOocmHasi xpomamoepadghusi, pekomeHoosaHHasi BP u USP, He umeem wiupoKoz2o npuMeHeHusl
8 YkpauHe. O6bekmom uccriedosaHusi cmaru Kancynbl MempoHudasona. B xo0e uccrnedosaHus
yCmaHoB/1eHO, YMO 8CrIoMo2ameribHbIe 8eu,ecmea He3Ha4umerbHO /1USIomM Ha criekmp rnoanouwje-
Husi pacmeopa MempoHudasosa, Moy4YeHHO20 MymeM Kecmpakyuu u3 cooepxxumoeo karcyn 0,1 M
pacmeopom Kucromsi x1o0pucmogodopodHol. [JokazaHo Nod4YUHEHUE uccriedyemMoao pacmeopa 3a-
KoHy byeepa-Ilambepma-bepa 6 epaHuyax koHyeHmpayul 0,5-10°% — 3,0-10°%. Ammecmauyus
paspabomaHHol MemoOuKU Ha MOOEsIbHbIX CMeCSIX U cepuliHoM obpasue ripenapama noémeepoursiu
ee KoppekmHocmb. HeonpedeneHHOcmb cpedHez0 pe3ynibmama € 8 epe8oM cryyae cocmasurna
0,11%, a so emopom — 0,70%.
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Creation of drugs for treating hypertension, namely the combined tablets based on antihypertensive
agents of different pharmacological groups, is very important for domestic pharmaceutical science
and practice. According to the results of the previous studies the composition and technology of the
combined tablets “Amlopamide” for treating hypertension have been developed. As active ingredients
these tablets contain amlodipine besylate, lisinopril dehydrate and indapamide. The excipients are
microcrystalline cellulose, lactose monohydrate, potato starch and calcium stearate. The aim of this
work was to study the physical and chemical, pharmaceutical and technological parameters, as well as
microbiological purity of the combined tablets during storage. The modern methods of testing are
used to determine stability of “Amlopamide” tablets obtained by direct compression in accordance
with the State Pharmacopoeia of Ukraine. To determine the shelf life of the combined antihypertensive
tablets “Amlopamide”, as well as to study their stability, different batches of the drug were kept in
different containers at a temperature of (20+5)°C. The control of the drug stability was performed
according to all parameters: appearance, the average tablet weight, disintegration time, dissolution,
uniformity of dosage units, identification, the assay content of active substances and microbiological
purity. The results of the experimental studies have shown that during storage for 27 months at a
temperature of (20+5)°C the samples of the combined tablets “Amlopamide” in all containers used by
all parameters meet the requirements of normative documents and State Pharmacopoeia of Ukraine
(SPhU). It has been determined that the shelf life of the tablets is 2 years while storing at room

temperature.

Despite the obvious progress in development of drug
therapy for treating hypertension this pathology is the
most common cardiovascular risk factor in developed
countries, including in Ukraine. One of the key links in
achieving the target level of blood pressure (BP) in pa-
tients with hypertension is creation of fixed drug com-
binations, which considerably facilitate the process of
achieving target BP, increase the activity of each drug
compared to monotherapy, reduce the probability of
side effects, increase compliance of patients to treat-
ment and simultaneously reduce the cost of it [6, 9, 10].
According to the results of the previous studies together
with employees of “CPP “Red Star” PJSC (Kharkov)
the composition and technology of the combined three-
component tablets under the conditional name “Amlo-
pamide” for treating hypertension have been developed.
As active ingredients these tablets contain amlodipine
besylate (calcium channel blocker), lisinopril dehydrate
(ACE inhibitor) and indapamide (thiazid-like diuretic).
The excipients are microcrystalline cellulose, lactose
monohydrate, potato starch and calcium stearate [4]. In
the abovementioned context, creation of domestic com-

bined drugs for treating hypertension is rather relevant
for domestic pharmaceutical science and practice.

The quality control carried out in the technologi-
cal processes of production of drugs guarantees the ef-
ficiency and safety of their use. At the present stage of
development of domestic pharmaceutical industry and
with introduction of the rules of good manufacturing
practice (GMP) in the pharmaceutical enterprises of
Ukraine the approaches to the quality control of drugs
change. Standardization of the medicines developed,
as well as determination of stability, conditions and the
shelf life are important stages of their introduction into
production [1, 5].

The aim of this work was to study the physical and
chemical, pharmaceutical and technological parameters,
as well as microbiological purity of the combined tab-
lets during storage.

Experimental Part

To determine the stability of “Amlopamide” tablets
obtained by direct compression the methods of physi-
cal and chemical (high performance liquid chromato-
graphy), pharmaceutical and technological, biological
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studies were used in accordance with the State Phar-
macopoeia of Ukraine (SPhU) by standard practice [1].
The quality control was performed according to the fol-
lowing parameters: appearance, identification, the aver-
age tablet weight, the loss on drying, friability, micro-
bial purity, etc.

For identification and quantitative determination of
active substances of the combined tablets “Amlopami-
de” the method of high performance liquid chromato-
graphy (HPLC) was used. This method allows deter-
mining compounds in very low concentrations. Deter-
mination of active ingredients — amlodipine besylate,
lisinopril dehydrate and indapamide in the composition
of drugs are mainly carried out by chromatographic
and spectrophotometric methods [7, 8]. The presence
of three active substances in the drug studied has de-
termined the need for development of identification
and quantitative determination methods, which allow
to identify all active ingredients in tablets. Chromato-
graphic analysis was performed on an Agilent 1100 lig-
uid chromatograph with an UV-detector. To determine
lisinopril in “Amlopamide” tablets the buffer solution
with pH 7.0: acetonitrile R — water of chromatographic
grade R (20:15:65) was used as a mobile phase; to de-
termine amlodipine and indapamide the buffer solution
with pH 7.0: acetonitrile R — water of chromatographic
grade R (20:28:52) was used [2].

To provide the uniformity of dosage units (UDU)
the content of active substances in a dosage unit in the
batch must be within the narrow limits of the label claim.
The UDU was studied by the method of direct deter-
mination according to the method of the SPhU for the
presence of the labeled amount of active substances in
the composition of the combined drugs [1]. Statistical
processing of the results obtained was performed ac-
cording to the SPhU (n = 5).

Results and Discussion

To determine the shelf life of the combined antihy-
pertensive tablets “Amlopamide”, as well as to study
their stability, different batches of the drug were kept
in different containers at room temperature (20£5)°C.
The following types of containers were used: polymer
jars for packaging of drugs with the first opening (TU U
00481318.001-98); blisters based on PVC film (GOST
25250-88) and printed lacquered aluminium foil (TU
48-21-270-88); amber glass jars of BDS-10-27.5-OC-1
type (TU 64-2-239-79) with stretched lids of type 1,2
(OST 64-2-87-81). The control of the drug stability was
performed according to all parameters: appearance, the
average tablet weight, disintegration time, dissolution,
uniformity of dosage units, identification, the assay con-
tent of active substances and microbiological purity.

By appearance “Amlopamide” tablets are round,
biconvex tablets of a white colour to white colour with
a yellow tint. The observations showed the absence of
such phenomena as stratification tablets, split edges,
change of the tablet surface in colour. Determination of
average tablet weight of the samples was conducted ac-
cording to the requirements of the SPhU (of 20 tablets.
Deviations in determining the average weight were not

more than £7.5%. It corresponds to the existing require-
ments.

The experimental results of studying the quality in-
dicators of “Amlopamide” tablets developed are given
in Table.

The results given in Table have shown that the com-
bined tablets “Amlopamide” developed during storage
at the temperature of (20+£5)°C studied in all containers
give positive results by all parameters. It should be not-
ed that at room temperature the tablets tend to increase
in disintegration time. It is related to the fact that in the
course of time the frame of the coat is thickened, and
the penetration time of water through the capillaries of
the micropores of the porous body increases, but during
storage for 2 years and 3 months this parameter corre-
sponds to the requirements of the SPhU.

Identification of active substances of the tablets was
carried out using HPLC. The studies conducted have
shown that on the chromatogram peaks and the reten-
tion times of the test solution were the same as peaks
and retention times of standard solutions. While study-
ing the quantitative content of the active substances of
the combined tablets “Amlopamide”, namely lisinopril
dehydrate (calculated with reference to lisinopril), am-
lodipine besylate (calculated with reference to amlodi-
pine) and indapamide (calculated with reference to 100%
substance), varies within the permissible limits (£10%)
during the whole period of storage [2].

The “Dissolution test” is the most important para-
meter in the study of kinetics of the active substances
release from tablets. To study the release of active sub-
stances from “Amlopamide” tablets dissolution test for
solid dosage forms was applied using a device with the
blade [1]. Quantitative determination of active ingredients
every 10 min for 60 min was performed using HPLC,
water R was used as the dissolution medium. The studies
have shown that release of lisinopril dehydrate (calcu-
lated with reference to lisinopril), amlodipine besylate
(calculated with reference to amlodipine) and indapamide
(calculated with reference to 100% substance) regard-
less of the shelf-life occurs within 80-95% for 45 min,
and it meets the requirements of the SPhU [1].

The experimental data obtained on studying UDU
of “Amlopamide” tablets indicate that by the quantita-
tive content of active substances this dosage form stand
the test for “Uniformity of dosage units” in accordance
with the SPhU.

The microbiological purity test has shown that there
are no bacteria of Enterobacteriaceae, Staphylococcus
aureus, Pseudomonas aeruginosa families in the tab-
lets. The viable aerobic microbial count of bacteria and
fungi complies with the requirements of the SPhU for
drugs for internal use [1, 3].

The results of the experimental studies have shown
that during storage for 27 months at a temperature of
(20+5)°C the samples of the combined tablets “Amlo-
pamide” in all containers used by organoleptic, phar-
maceutical and technological parameters, as well as
microbiological purity meet the requirements of norma-
tive documents and SPhU.



The results of studying the stability of “Amlopamide” tablets during storage at the temperature of (20+5)°C

Table

The name Shelf life, months
of parameters The norm by QCM Polymer jars Blisters Amber glass jars of BDS type
by QCM 2 | 24 | 27 12 | 24 | 27 12 24 27
Appearance White, round, biconvex tablets
antlﬁcgtlon On the chromatogram of the test solution obtained under the conditions of quantitative determination the retention times of peaks for lisinopril,
isinopril L - . S o . . . .
Amlodipine amlogllplng and indapamide are the same as the retention times of peaks for lisinopril, amlodipine and indapamide on the chromatogram of the standard
Ind id solution with the accuracy of +3%
ndapamide
Average tablet from 0.133 t0 0.147 0.1385+ 0.1405+ 0.1401=x 0.1403=x 0.1395=+ 0.1400=x 0.1403= 0.1390=x 0.1393=+
weight ) ) 9 0.0266 0.0040 0.0132 0.0093 0.0095 0.0090 0.0092 0.0181 0.0193
Disintegration not more than 15 min 3.2+0.3 4.5+0.2 5.1£0.3 4.0£0.4 4.3%0.2 5.0+0.4 3.9+0.3 4.5%0.2 5.3+0.2
Uniformity of The acceptance value for
d . the first 10 units should be | Satisfied Satisfied Satisfied Satisfied Satisfied Satisfied Satisfied Satisfied Satisfied
osage units
not more than 15
Dissolution for 45 min at least 75% 93.2+1.5 89.7+2.2 85.6+2.7 93.7+14 90.9+1.0 86.8+1.5 91.9+0.5 85.8+0.8 84.6+1.3
Microbiological |bacteria not more than 1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000 <1000
purity fungi not more than 100 <100 <100 <100 <100 <100 <100 <100 <100 <100
The quantitative in a tablet
content: from 0.0045 0.0050+ 0.0049+ 0.0051=+ 0.0048=+ 0.0049+ 0.0050=+ 0.0048=+ 0.0051=+ 0.0050=+
Lisinopril t0 0.0055 g 0.0001 0.0002 0.0001 0.0002 0.0001 0.0001 0.0002 0.0001 0.0001
Amlodipine from 0.0045 0.0048+ 0.0050+ 0.0049+ 0.0050=+ 0.0049+ 0.0050=+ 0.0049+ 0.0050=+ 0.0051=+
t0 0.0055 g 0.0002 0.0001 0.0002 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Indapamide from 0.00225 0.00249+ 0.00252+ 0.00248=+ 0.00251=+ 0.00260=+ 0.00258=+ 0.00251+ 0.00262+ 0.00250+
10 0.00275 g 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001 0.00001

Note:n =5.P =95%.
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CONCLUSIONS

The influence of storage conditions and types of con-
tainers on the quality of the combined antihypertensive
tablets “Amlopamide” has been studied. The stability of
organoleptic, pharmaceutical and technological, as well

as microbiological parameters of tablets during storage
for 27 months in amber glass jars, polymer jars and blisters
at room temperature (20+£5)°C has been experimentally
proven. It has been determined that the shelf life of the
tablets is 2 years while storing at room temperature.
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BUBYEHHA CTABINIbHOCTI KOMBIHOBAHUX AHTUTINEPTEH3UBHUX TABJNTIETOK

Y NPOLIECI 3BEPIFAHHA

O.M1.Cmpineub

Knroyoei cnnoea: kombiHogaHi mabnemku,; amnoouriH; iHoanamio; ni3uHonpus; mepmiH
npudam+Hocmi; cmabinbHicmb

CmeopeHHs nikapcbKux 3acobig 01151 iKkyeaHHs apmepianbHOI 2inepmeH3sii, a came KoMbiHo8aHUX
mabriemok, Ha OCHO8I aHMug2inepmMeH3U8HUX PEYOBUH PI3HUX hapMaKOoaiuHUX 2pyrn € 8e/IbMU akK-
myarnbHUM 07151 8iMmYU3HSIHOI thapmayesmuyHOT HayKu | npakmuku. 3a pesynbmamamu rnonepeoHix
odocnidxeHb 6yno po3pobrieHo cknad i mexHonoeito KoMbiHo8aHUX aHmueainepmeH3usHUX mabremok
«Ammonamiox. Y sskocmi Oitodux pedosuH mabnemku Marome amnoouniHy 6e3unam, fisuHonpusny
Oueidpam ma iHOanamid. Y cknadi AOrnoMiXKHUX PEYOBUH — MIKpOKpUCMariiyHa uesno3a, 1akmoau
MOHO2IOpam, Kpoxmarb KapmorisHul i kanbyiro cmeapam. Mema pobomu — 8U84EHHST i3UKO-Xi-
MIiYHUX, ¢hapMaKko-mexHOI02i4HUX MOKa3HUKI8 ma MikpobionoziyHoi yucmomu KombiHogaHux mabirie-
mok 8 npoueci 3bepieaHHs. [ns susHa4yeHHs1 cmabinbHocmi mabnemok «Amnonamio», ompumMmaHux
MemoOOM rpPsMO20 rpecysaHHs, bynu sukopucmaHri cy4yacHi memoodu OocriidxeHb y 8idrnosiOHocmi
0o sumoe A® YkpaiHu. [Jns ecmaHoeneHHs: mepMiHy npudamHocmi mabriemok ma 8us4eHHs cma-
binbHocmi cepii npenapamy 6ynu 3aknadeHi Ha 36epicaHHs 8 PiI3HUX yrakKosKkax rnpu memrepamypi
(20+£5)°C. KoHmposb cmabinsHocmi npenapamy rnpoe8oousiu 3a HacCmyrnHUMU XapakmepucmuKkamu:
308HIWHIl 8uansad, cepedHss Maca mabnemok, Yac posnadaHHs, PO34YUHEHHS, 0OHOPIOHICMb d030-
8aHUX 00UHuUUb, iBeHmudbikauiss ma KinbKicHUl emicm Giro4UX pe4O8UH, MiKpobiosioaiyHa Yyucmoma.
Pesynbmamu docnidxeHb nokasarnu, o 8 rpoueci 3bepicaHHs npomsicomM 27 micsyie npu memrepa-
mypi (20+5)°C 3pasku kombiHosaHux mabnemok «Amnonamio» 8 ycix sukopucmaHux yrnakoekax 3a
8cima rnokasHukamu gidrnoegidarome euMo2am HopMamueHoi dokymeHmauii ma J®Y. BcmaHoerneHo
mepmiH npudamHocmi mabnemok — 2 poku rpu 36epieaHHI Npu KiMHamHit memnepamypi.

U3YYEHUE CTABUITIbHOCTU KOMBUHUPOBAHHbIX AHTUTMNEPTEH3UBHbLIX TABJIETOK
B MNMPOLIEECCE XPAHEHUA

O.l1.Cmpuney

Knroyeenie cnoga: koMbUHUpO8aHHbIe mabriemku; amnodurnuH, uHdanamuod; IU3UHOMNPUI; CPOK
XpaHeHusi; cmabunibHoCMb

CosdaHue nekapcmeeHHbIXx cpedcme 01151 IeHeHUs1 apmepuarnbHOU 2unepmeH3uu, a UMeHHO KoMbU-
HUpOBaHHbIX Mabriemok, Ha 0CHOB8e aHMU2UMNepmMeH3UBHbIX 8ELECME Pa3HbIX (hapMaKoIo2u4YecKux
epynn sen1s1emcsi O4eHb akmyarsbHbIM 051 omedYecmeeHHoU thapmauesmuyeckol HayKu U npakmu-
Ku. 3a pesynbmamamu npedbidywux uccrnedogaHul bbinu paspabomaHbl cocmasg U mexHonoaus
KOMOUHUpPOBaHHbIX aHmMuaunepmeH3usHbix mabremok «Amnonamud». B kasecmee Oelicmsyroujux
sewiecme mabnemku codepxxam amnoounuHa besunam, nuauHornpuna ouaudpam u uHoanamuo.
B cocmase scriomoeameribHbIX 8eWecms — MUKPOKpUCMariudeckas Uessosa, j1akmosbl MOHO-
a2udpam, Kpaxmars kapmogesbHbIU U Kanbyus cmeapam. Lienb pabomel — usydeHue ¢husuKo-xumuyde-
CKUX, QbapMaKO-mMexHOI02U4YeCKUX rokazamersned U MUKpobuoio2u4ecKol Yucmombl KOMOUHUPOBAHHbIX
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mabrniemok 8 rpouecce xpaHeHus. [ns onpedeneHus cmabunbHocmu mabnemok «Ammionamudy,
rony4YeHHbIX MemodoM MPSMOZ0 rpeccosaHus, ObiIu UCMOIb308aHbl COBPEMEHHbIE MemMOOb! UCCIIe-
dosaHull 8 coomeemcmeuu ¢ mpebogarHusmu '@ YkpauHbl. [ns ycmaHO8MeHUsT cpoka XpaHeHUst
mabnemok u usy4yeHuss cmabunbHOCMu cepuu rnpenapama Obifiu 3a5oXeHbl Ha XpaHeHuUe 8 pas-
HbIX yriakoskax rpu memnepamype (20+5)°C. KoHmpornb cmabunsHocmu ripenapama nposoousnu
o crnedyruwum xapakmepucmukam: éHelWHUU 8ud, cpedHsIsl Macca mabriemok, epeMsi pacradeHus,
pacmeopeHusi, 00HOPOOHOCMb 003UPOBaHHbLIX eOUHUL, UudeHmuuUKayusi U KOriu4ecmeeHHOoe Co-
OdepxaHue delicmasyoujux seuwecms, MUkpobuonoauyeckas yucmoma. Pe3ynbmamsi uccriedogaHull
riokasarsiu, 4mo 8 rpouecce XpaHeHuUs1 Ha MPomsixeHUU 27 mecsues npu memnepamype (20+5)°C 06-
pasubl KOMOUHUPOBaHHbIX Mabriemok «Ammnonamud» 80 8CeX UCMOMb3yeMbiX yrnakoskax rno ecem ro-
Kaszamesiam coomeemcmayrom mpebosaHusiM HopMmamueHoU GoKyMeHmauuu u @Y. YecmaHoeneH
CPOK xpaHeHusi mabrnemok — 2 2o0a rnpu xpaHeHuu rnpu KOMHamHouU memnepamype.
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This article presents the results of the study of the process of extraction of biologically active sub-
stances from the flowers of Calendula officinalis using pressure enhanced solvent extraction. The
Timatic Micro laboratory extractor with the volume of 0.5 | designed for laboratory use when working
with small amounts of the solvent and the product was used. The principle of its operation is based
on a double action of pressure — low pressure and percolation of the plant raw material. It is possible
to use various types of solvents (alcohols, water, glycerol, oils). The effect of the raw material parti-
cle size, the time of extraction, the number of cycles on quality parameters of the product has been
studied. As a result of our studies, it has been found that the completeness of the BAS extraction is
greatly influenced by the number of working cycles, as well as the time of the extraction process. The
time of compression/decompression of the system was affected to a lesser extent. Thus, the optimal
parameters of the calendula flowers extraction process are: extractant — 70% ethanol, degree of the
plant raw material fineness — 3-5 mm, the ratio of the raw material to the extractant— 1:10, the extrac-

tion time — 5 hours, and the number of cycles — 75.

Calendula tincture is a well known drug that is in
constant demand from buyers due to low prices and a
wide range of the pharmacological action. Pot marigold
possesses the anti-inflammatory, antibacterial, wound
healing, spasmolytic, hypotensive and sedative proper-
ties, increases the metabolic function of the liver. A wide
therapeutic activity of calendula is explained by the pre-
sence of a considerable number of carotenoids, flavonoids,
salicylic acid, vitamins and other compounds [8-11].

At chemical and pharmaceutical enterprises Calen-
dula tincture is obtained by simple maceration or perco-
lation with 70° ethanol [1, 3].

These methods of tincture production do not meet
modern requirements since the time required to obtain
the finished product is long enough, and the plant raw
material is exhausted only by 70% [2, 3, 5, 7].

Pressure enhanced solvent extraction takes the con-
ventional solvent based extraction technology to a new
level. This extraction technology effectively combines
the use of solvents and elevated pressures to provide su-
perior yields of high quality extracts from naturally oc-
curring materials [4].

Extraction is carried out by the combined effect of
compression/decompression and forced percolation of the
solvent under pressure through the raw material layer. The
extraction cycle alternates between dynamic phases ob-
tained via a programmed pressure and static phases for
transfer of the desired extract into the solvent [4, 6, 12].

Experimental Part

Calendula flowers (Calendula officinalis L) were se-
lected as the study subjects [2, 10].

The process of extraction of calendula flowers by
pressurized solvent extraction (PSE) was investigated,
and the technology for obtaining of calendula tincture
using a 0.5 | Timatic Micro extractor was developed.

The experiments on studying the effects of the par-
ticles size, the extraction time and the number of the
working cycles on the yield of extractive substances were
conducted.

To study the effect of the extraction time on the yield of
extractives 50+0.5 g of the powdered calendula flowers
was loaded in the extractor, filled with 70° ethyl alco-
hol (the ratio of the raw material to the extractant was
1:10), left for 1 hour for swelling and then extracted for
60, 120, 180, 240, 300, 360, 420 min. The parameters
of the extraction process are shown in Tab. 1.

While studying the effect of the number of working
cycles on the yield of extractives the following param-
eters of extraction given in Tab. 2 were used.

After extraction the resulting extract was drained
and clarified for 48 hours in the refrigerator at 8-10°C.
Then the extract was filtered, and a dry residue was ob-
tained.

The samples obtained were tested according to the
requirements specified in analytical normative documents
(AND) [2, 10].

Results and Discussion

The completeness and speed of extraction of the ac-
tive ingredients from the plant raw material depend on
technological properties of the material, difference in
concentrations, the time of extraction, the nature of the
extractant and other factors, which should be conside-
red in the extraction process.

The particle size affects the extraction process be-
cause it determines the phase interface between the ma-
terial and the extractant. The effect of the degree of the
raw material fineness on extraction of Calendula flow-
ers was studied (Fig.).

The results showed that the most complete yield of
extractive substances from the raw material was for par-
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Table 1

The parameters of the extraction process

Equipment Timatic Micro, 0.5 |; Filter bag, 100 mcm
The set Compression — 8 min,
parameters decompression — 8 min

Temperature - 20°C, pressure — 5 bar

Time of extraction | 1-6 hours

T 5 TS
Calendula flowers Humidity — 8+0.3%, particle size

3-5 mm, 50+0.5 g each batch

Table 2

The parameters of the extraction process

No. of the
experiment

1 Compression — 8 min, decompression - 5 min
2 Compression — 5 min, decompression - 5 min
3 Compression — 5 min, decompression — 2 min
4 Compression — 2 min, decompression — 2 min
Temperature — 20£1°C, pressure — 5 bar

The set parameters

Time of
extraction
Calendula

flowers

4-6 hours

Humidity — 8+0.3%, particle size - 3-5 mm,
50+0.5 g each batch

28

27 4

26 A

Exstractive substances, %

25 T T T T
1 2 3 4 5
Size of particles, mm

Fig. The yield of extractives of Calendula flowers
depending on the size of particles.

Table 3
The effect of the extraction time on the yield of
extractives
Time (.)f N”f“ber of Dry residue, %
extraction working cycles
60 4 0.94+0.03
120 8 1.02 £0.04
180 11 1.13+£0.05
240 15 1.25+£0.04
300 19 1.31£0.05
360 22 1.48%0.03
420 26 1.56%0.03

ticles with the size of 1 mm (28.15+0.38%). However,
excessive grinding leads to contamination by ballast sub-
stances and causes difficulties in the product purifica-
tion. The raw material with the particle size of 3 to 5 mm
has the value of this index with the difference in bias bet-
ween 27.11+0.47% and 26.08+0.42%, respectively. Based
on the results of the research we believe that to use the
plant raw material with the particle size of 3-5 mm is
the most optimal.

For our further studies a small Timatic extractor from
Tecnolab (Perugia, Italy) was used. For industrial ex-
tractions the firm manufactures a larger Timatic extrac-
tor (200 1). The advantages of these extractors are their
relatively low cost and further maintenance support by
the manufacturing company.

Timatic is a solid-liquid extractor used for indus-
trial production of herbal extracts. According to the ma-
nufacturer, percolation is achieved by alternating the dy-
namic phase, during which a pre-set pressure is genera-
ted, followed by the static phase, so that the solvent pen-
etrates into the plant cells and releases again. The pres-
sure phase prevents the formation of channels, as well
as partial over-saturation of the solvent. Another advan-
tage of this equipment is that it can be used for many
different liquid solvents. It is semi-automatic, easy to
handle, with a well designed display, with an automatic
warning system and an automatic cleaning programme.

The effect of the extraction time on the yield of ex-
tractives. Selection of the optimum extraction time is
required to obtain economically profitable tinctures on
an industrial scale. The experimental results of studying
the extraction time impact on the yield of extractives
are shown in Tab. 3.

The extraction rate was lower than expected. Ac-
cording to the requirements of AND the dry residue con-
tent in the calendula tincture should be not less than 1.7%.
In the extracts obtained this parameter was in the range
of 0.94-1.56%, and it did not satisfy the requirements.
Of the possible explanations there is a rather small num-
ber of compression-decompression working cycles. The
next step of our research was to study the effect of com-
pression-decompression cycles on the yield of a dry residue.

The effect of the number of working cycles on the
yield of extractives. The process parameters, i.e. the com-
pression time, the decompression time and the number
of cycles were varied (Tab. 2). The experimental results
are shown in Tab. 4.

It was noted that of all parameters the number of
working cycles had the greatest impact on the extraction
process, while the time of compression/decompression

Table 4

The effect of the number of working cycles
on the yield of extractives

Working cycle/ Number of working cycles /
Time of Dry residue, %

extraction, h 240 300 360

1 19/ 23/ 27/
1.29+0.04 1.55+0.04 1.76+0.03

2 24/ 30/ 36/
1.51+0.03 1.76 +£0.05 1.95+0.03

3 35/ 43/ 51/
1.68+0.04 1.96%0.05 2.17+0.04

4 60/ 75/ 90/
1.88+0.05 2.21+0.04 2.28+0.05
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Table 5
The results of determination of the calendula tincture quality indicators
Parameter Calendula tincture Requirements of AND
Description A yellowish-brown liquid |a yellowish-brown liquid
Dry residue,% 2.21+0.05 not less than 1.7 %
Alcohol content % 69.00+1.84 the final alcoho! concentration is not less than 69 per cent
of that of the initial extraction solvent
Heavy metals Corresponds not more than 0.001%
Thin-layer chromatography Corresponds according to the SPhU
maximum 0.05 % v/v of methanol and maximum
Methanol and 2-propanol Corresponds 0.05 % v/v of 2-propanol
Microbiological purity Corresponds not more than 1,000 bacteria and 100 fungi

had no significant effect. Thus, the optimal parameters
of the calendula flowers extraction process have been
suggested; they are: extractant — 70% ethanol, degree
of the plant raw material fineness — 3-5 mm, the ratio of
the raw material to the extractant — 1:10, the extraction
time — 5 hours, and the number of cycles — 75.

Thus, with such parameters of the technological pro-
cess the time extraction (compared to 48 hours in conven-
tional percolation) significantly reduces, and the yield
of extractives increases by 5%

The tincture obtained was tested for compliance with
the requirements of AND: description, the content of al-
cohol (not less than 65%), heavy metals, dry residue (not
less than 2.1%) and microbiological purity. The results
are presented in Tab. 5.

According to the research results the indicators of
quality of the product obtained meet the requirements
of AND.

CONCLUSIONS

The process of extraction of biologically active sub-
stances from the flowers of Calendula officinalis using
pressure enhanced solvent extraction has been studied.
The effect of the raw material particle size, the time of
extraction, the number of cycles on quality parameters
of the product has been determined. Thus, the optimal
parameters of the calendula flowers extraction process
are: extractant — 70% ethanol, degree of the plant raw
material fineness — 3-5 mm, the ratio of the raw material
to the extractant — 1:10, the extraction time — 5 hours,
and the number of cycles — 75.
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OOCNIOXEHHA NPOLECY EKCTPAKLUII KBITOK KANIEHOYNU NI TUCKOM

F0.B.lOduHa

Knroyoei crnoea: KaneHdyna nikapcbka, Hacmouika; mexHOornozaisi; ekcmpazyeaHHsi rid muckom
HasedeHi pe3ynbsmamu OocioxxeHHs rpouecy susy4eHHs BAP 3 k8imok kaneHOynu rikapcbKoi 3 8u-
KopucmaHHSIM iHmeHcugikosaHo2o Mmemody ekcmpakuii nid muckom. [Npu pobomi sukopucmosysa-
nu nabopamopHul ekcmpakmop Timatic Micro o6’emom 0,5 n1, npu3dHa4yeHul 0551 nabopamopHo20

8UKOpUCMaHHS rpu pobomi 3 He8erTUKUMU KiflbKOCMAMU PO34YUHHUKa i npodykmy. MMpuHyun tozo Oif

rpyHmMyemsbcsi Ha noo8iliIHOMY 8Mniu8i MUCKY — 3HUXEHHI MUCKY i MepKonsuii poCIUHHOI CUPOBUHU.
Moxxrnuee sukopucmaHHs pi3HUX murlie PO34UHHUKIG (criupmie, eodu, eniyepuHy, onii). byrno eugyeHo
8r1/1U8 PO3MIPy YaCmMUHOK CUPOBUHU, Yacy ekcmpakuil, yucra poboyux YUKIie Ha MoKasHUKU SSKocmi
ompumaHo20 npodykmy. B pedynbmami ocnidxxeHb byrio 8CmaHOB/IEeHO, WO Ha MO8HOMY 8UJTyYEH-
Hs1 BAP b6inbwul ennue YuHUMb KirbKicmbe poboYuX UUKIII8, @ MaKoX 4Yac rpouecy ekcmpakuii. Yac
Komnpecii / 0ekomnpecii cucmemu Mag HeaHaqyHuU ennus. [Npu ubomy 6yrnu ecmaHo8eHi onmumaris-
Hi napamempu eedeHHs1 rpoyecy ekcmpakuii Keimok kaneHAynu: ekcmpazeHm — 70% emaHor, cmy-
MiHb MoOPI6HEHHS POCIUHHOI cuposuHU — 3-5 MM, criiegiOHOWeHHS cuposuHU 0o ekcmpazeHmy 1:10,
yac ekcmpakuii — 5 200UH, KiflbKicmb pobo4yux yukrnie — 75.

M3YYEHUE NMPOLIECCA 3KCTPAKLUWU UBETKOB KANEHAOYNbI NOA4 OABINEHUEM
F0.B.KOduHa

Knroyeenlie cnoea: KaneHdyna nekapcmeeHHasi; Hacmouka, mexHOos102usi; 3KCmpaKkyusi rnod
daeneHuem

lMpusedeHbl pe3ynbmamel uccriedogaHus rpouyecca ussrnedyeHuss BAB u3 ysemkoes kaneHOyrbl fe-
KapcmeeHHOU C Ucrofb308aHUeM UHMeHCcUULUpo8aHHO20 Memoda aKcmpakyuu nod 0aeneHuem.
Bbin ucnonb3oeaH nabopamopHbil skempakmop Timatic Micro o6bemom 0,5 1, npedHa3Ha4eHHbIU
0151 nabopamopHO20 UCronk308aHus npu pabome ¢ HeboNbWUMU KorludecmeamMu pacmeopumerisi
u npodykma. lNpuHyun e2o delicmeusi OCHOB8aH Ha OBOUHOM 8030elicmeuu 0asieHUsT — MOHUWXEeHUU
0asrieHUs U NepKosyuu pacmumesibHO20 Cbipbsi. BO3MOXHO ucronb308aHuUe pasiudyHbIX muros pac-
meopumened (crnupmos, 800bI, anuyepuHa, macna). bbino usyyeHo enusHue pasmepa Yacmuy, Cbi-
PbS1, 8pEeMEeHU 3KcmpaKkyuu, Yucnia paboyux YUKII08 Ha rnokasamersiu Ka4ecmea rosy4eHHo20 rnpooyK-
ma. B pesynbmame uccriedogaHutl bbIsio ycmaHo8r1eHo, Ymo Ha rosiHomy u3enedeHusi bAB 6onbuwee
8/lusIHUE OKa3blgaem Koruyecmeo paboyux YUKIo8, a makxe epemMs rpouecca skcmpakuyuu. Bpems
Komrpeccuu/0eKkoMrpeccuu cucmeMbl 0Kasblgasio HeaHadumersibHoe ernusiHue. [pu amom bbinu ycma-
Ho8/IeHbl onmuMalsibHble napamempbl 8e0eHUS npoyecca 3KCmpakyuu Ueemkos KaneHOyrbl: 9KC-
mpazeHm — 70% amaHors1, cmeneHb U3MEeIbYeHUSI pacmumeribHO20 Chipbs — 3-5 MM, COOMHOWeHUe
Cbipbsi K akcmpaceHmy 1:10, epemsi akcmpakyuu — 5 yacos, Kornudecmeo paboyux yuknog — 75.
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This article describes the physical technology for obtaining surface antigens with protective properties
from Bordetella pertussis microbial cells in the absence of additional use of chemical and synthetic
substances. The mechanical destruction of cell membranes of microorganisms was carried out under
mild conditions using low power low-frequency ultrasound, it allowed not to damage the protective
bioactive substances. Ultracentrifugation of microbial ultrasound desintegrates and the subsequent
gel — chromatographic separation allowed to obtain a protective antigen with the molecular weight
of ~ 8.1 kDa and significantly enhance its specific weight from (62.5+£9.1%) to (86.2+4.6%) (P<0.05).
The study of toxicity in the test of the mice weight changes showed the presence of pathogenicity
factors in the entire antigenic complex and in the fractionated component with the weight of ~ 3.0 kDa.
And the purified native antigen with the weight of ~ 8.1 kDa in the calculated dose (160 mg) did not
contain toxic compounds. The antigen with the molecular weight of ~ 8.1 kDa showed no histamine-
sensitizing and dermonecrotic properties. While studying immunogenicity of the fraction with the
weight of ~ 8.1 kDa a strong direct correlation was found between increase of vaccination antigen
doses and the corresponding increase of the immunity intensity of vaccinated animals. It indicates the
specificity of the results obtained and the protective activity of this fraction. The percentage of survived
mice vaccinated by the native antigen with the molecular weight of ~ 8.1 kDa 1.9 times exceeded the

percentage of animals vaccinated by the standard industry sample of pertussis vaccine.

Nowadays commercial drugs of acellular pertussis
vaccines manufactured by various countries (Japan, France,
UK, etc.) are usually obtained using chemical methods
that have significant drawbacks: difficult set-up because
of the necessity to carry out multistage operations of
isolation and purification of bacteria cell structures, and
the chemical structure of the isolated antigens can change
under the influence of reagents.

Physical methods of antigens obtaining are considered
as possible alternative technologies. They are attractive,
first of all, by the fact that their implementation is achieved
under standard conditions and avoids the need to re-
move extracting agents from the isolated composite
structures of pathogenic bacteria. This opens the pros-
pect of obtaining permanent components with a high
protective activity. Ultrasound disintegration plays the
major role in the mechanical destruction of the micro-
organism cell walls for extracting protective bioactive
substances; it also allows to break microbial cells while
keeping their intercellular content [5].

The aim is to create the technology for obtaining
surface antigens with protective properties from pertus-
sis pathogen microbial cells by ultrasound in the ab-
sence of additional use of chemical and synthetic sub-
stances.

Materials and Methods

Isolation of native pertussis antigens was carried out
from the production strain of Bordetella pertussis No.267
provided by “Biolik” CJSC (now “Pharmstandard — Bio-
lik” JSC) by the physical method. Destruction of micro-

bial cells was performed by low-frequency ultrasound,
followed by ultracentrifugation of desintegrates, filtra-
tion, concentration and fractionation of the antigenic
complex by gel-chromatography (the equipment of the
company LKB, Sweden).

The degree of disintegration of B. perertussis cells
was controlled by the following parameters: decrease
of the optical density of the microbial suspension was
measured by Densi-La-Meter, and the total protein con-
centration was measured by Lowry (a set by “Simko LTD”,
Lviv) [6].

The biochemical analysis of the antigenic drugs ob-
tained from pertussis pathogen microbial cells was carried
out at the Department of Biochemistry of the Kharkiv
National Medical University. In the filtrate the amount
of total protein was determined by Lowry method. Then
precipitation and hydrolysis of protein were performed.
In the hydrolysate the content of carbohydrate com-
pounds, lipids and nucleic acids was determined.

Toxicity of the antigen substances studied was eva-
luated according to the WHO recommendations and ““Ana-
lytical documentation for the pertussis suspension” us-
ing the following tests:

1) the test of weight changes in mice with calcula-
tion of the absolute and relative increase of the body
weight [1, 7-8];

2) the test on the presence of the dermonecrotic
effect determined by intradermal introduction of the
drugs studied to guinea pigs weighing 300 g and rabbits
weighing 2 kg in the dose of 0.2 ml. The end result of
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Fig. The specific weight of fractions with a different molecular weight by low-frequency ultrasound.
A - in the absence of additional ultracentrifugation of microbial disintegrates.

the experiment was assessed in 96 hours by the pres-
ence or absence of necrosis at the injection site [1];

3) the histamine-sensitizing test of purified antigens
with calculation of HSD (the histamine-sensitizing dose)
and HSD; (the estimated dose sensitizing 50% of the
animals) indices [1, 7-8].

Immunogenicity of the antigenic drugs under re-
search was studied according to the WHO recommen-
dations in intracerebral infection of animals with a viru-
lent pertussis culture (strain No.18323) [7].

Experiments on animals were conducted in compli-
ance with the requirements of the Directive of the Euro-
pean Parliament “On the protection of animals used for
scientific purposes” (2010/63/EU), in accordance with
the Declaration of Helsinki of the World Medical Asso-
ciation (WMA), recommendations of the code of ethics
(1985) in the section “International Guiding Principles
For Biomedical Research Involving Animals” and the
Law of Ukraine “On protection of animals from cruel
treatment” No.3447-1V (20006).

All experiments were repeated 3-4 times. Statistical
processing of the experimental results was performed
using the programme packages Excel 2003 and “Bio-
stat-4”. To characterize the reliability of the results ob-
tained the parametric criteria were used with determi-
nation of the mean value (M) and its standard deviation
(£m). To assess the reliability of differences between
figures of the control and experimental groups the Stu-
dent t-test correlation method was used [2-3].

Results and Discussion

The treatment of the B.pertussis microbial mass
when using low-frequency ultrasound was 7 hours since
exactly this exposure was considered to be enough to
provide a significant result of disintegration of pertus-
sis pathogen microbial cells: within the first 6 hours
disintegration of the industrial strain did not occur, but
longer treatment (8 hours) allowed to statistically unre-
liable increase the number of the isolated intracellular
complexes.

Chromatographic fractionation of the disintegrated
pertussis pathogen microbial mass allowed to isolate both
high- and low-molecular complexes, among which an-
tigens with the molecular weights of ~ 8.1 kDa domi-

B — after ultracentrifugation of microbial disintegrates.

nated, and high-molecular antigens with the molecular
weights over 1.000 kDa were present in small amount
(Fig.).

Purification of the desintegrate by ultracentrifuga-
tion significantly affect the ratio of the isolated fractions.
The fraction specific weight of ~ 8.1 kDa increased by
1.4 times (from 62.5+9.1 to 86.2+4.6, P<0.05), and the
total percentage of fractions with the lower molecular
weight reduced by 3.3 times, i.e. the ratio of fractions
(>1000 kDa, ~ 8.1 kDa, <3.0 kDa) before ultracentrifu-
gation in relation to decrease of the molecular weight
was 1:9.5:4.7, and after it — 1:20:2.2.

The chemical structure of the desintegrate, super-
natant after centrifugation of the samples, as well as the
corresponding samples of antigenic fractions with the
molecular weights over 1000 kDa, ~ 8.1 kDa, ~ 3.0 kDa
are represented as mixtures where proteins dominate;
carbohydrates and lipids are found in much lower con-
centrations, and nucleic acids are present only in the
hundredths parts of microgram. The antigenic fraction
with the molecular weight of ~ 8.1 kDa contains 85%
of protein, 7.9% of carbohydrates and 7.1% of lipids.
Ultracentrifugation of the desintegrate affects their ra-
tio in the faction. Thus, antigens with the molecular
weight of ~ 8.1 kDa obtained by ultracentrifugation
contained 1.3 times less carbohydrates and 7.5 times
less nucleic acids. When comparing indicators of sepa-
rate purified components some differences were found:
in the fraction with the weight of ~ 8.1 kDa there were
more protein structures (1.8 times), as well as lipids and
carbohydrates (1.6-1.8 times) than in a high-molecular
antigen with the weight of more than 1000 kDa.

When studying reactogenicity of the entire unfrac-
tionated antigen complex in the test of weight changes
in mice with calculation of absolute and relative in-
crease in the body mass there was the death of mice
within 3 days of observation. It can indicate the pres-
ence of pathogenicity factors in this complex drug. After
vaccination of laboratory animals with antigenic frac-
tions with the molecular weight of ~ 8.1 kDa in the
calculated dose (160 mcg) the increase in mice weight
was (66.6+4.2) % of the weight increase of animals in
the control group, i.e. within the requirements of nor-
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mative documents for vaccine drugs [1]. The study of
toxicity of the compound with the molecular mass of ~
3.0 kDa showed that this fraction significantly inhibi-
ted the animal mass growth. It is assumed that during frac-
tionation of the entire antigenic complex its toxic com-
pounds remain in the low-molecular fractions (~ 3.0 kDa).

When studying the dermonecrotic activity of the frac-
tion with the molecular weight of ~ 8.1 kDa, in the dose
being 1.7 times higher than the calculated one the necrotic
skin injuries of animals were not observed. It indicates the
absence of the dermonecrotic factor in the given drug.

According to the WHO recommendations the his-
tamine-sensitizing test reflects reactogenicity of acel-
lular vaccines most accurately [7-8]. To compare the
results the corpuscular pertussis vaccine (produced by
“Biolik” CJSC) was used. As a control ISS-5 (the in-
dustry standard sample: pertussis vaccine calibrated by
L.A.Tarasevich's DISC according to the international
standard) and saline solution (placebo) were used. The
histamine-sensitizing of antigens with the molecular
weight of ~ 8.1 kDa in the vaccinated dose contain-
ing 160 mcg of protein showed no sensitizing effect in
mice: the average HSD index values were 16.7 times
less 0.5 (control value of HSD index corresponding to
the low-toxic level). These fractions showed a signifi-
cantly lower histamine-sensitizing activity compared to
other antigens and a corpuscular pertussis vaccine.

The methodical peculiarity of the study of immuno-
genic properties of antigenic fractions is introduction of
the virulent culture of Bordetella pertussis No.18323 in
the infected dose 0f 476.2 LD, and increase of the number
of mice in each experimental group from 16 to 20 ac-
cording to the recommendations [4]. As a control ISSS-
42-28-89-01 P (the industry standard sample) was used.

According to the results of studying immunogenici-
ty of the fraction with the molecular weight of ~ 8.1 kDa it

has been found that increase of the antigen dose leads to
increase of the immunity intensity of the vaccinated ani-
mals. Thus, mice vaccination with the specified fraction
in amounts of 25 mcg/dose, 18 mcg/dose and 12 mcg/dose
causes the protective effect in (71.7+5.8)%, (26.7+£5.7)%
and (18.3£5.0)% cases, respectively (p — the rank corre-
lation coefficient — 1). A strong direct correlation indi-
cates the specificity of the results obtained and the pro-
tective activity of the faction specified. The percentage
of survived mice vaccinated by the native antigen with
the molecular weight of ~ 8.1 kDa 1.9 times exceeded
the percentage of animals vaccinated by the standard
industry sample of pertussis vaccine.

CONCLUSIONS

1. Disintegration of B.pertussis microbial cells when
using low power low-frequency ultrasound has allowed
identifying native chemically unmodified biologically-
active substances. By chromatographic separation of the
disintegrate the protective antigen with the molecular
weight of ~ 8.1 kDa has been obtained in a dominant
amount of (62.5+9.1%), and an additional ultracentri-
fugation has increased its specific weight by 1.4 times
(86.2+4.6%), P<0.05.

2. The purified fraction with the weight of ~ 8.1 kDa
has no toxic, dermonecrotic and histamine-sensitizing
properties.

3. The antigenic component with the molecular weight
of ~ 8.1 kDa in the dose of 25.0 mcg provides the sur-
vival of mice after their infection with virulent culture
of Bordetella pertussis No.18323 in (71.7+5.8) % cas-
es. It proves its protective properties.

4. Application of physical factors without chemicals
while isolating surface antigens of B. pertussis micro-
bial cells can serve as a benchmark in developing tech-
nologies for obtaining native prototypes of candidate-
vaccines, which are not modified by extractants.
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CcnocCib OTPUMAHHA HATUBHOI'O MPOTEKTUBHOIO KALLJTKOKOBOIO AHTUTEHY 3A
OOrNMOMOroro HU3abKO4YACTOTHOIO YIIbTPA3BYKOBOIO YNUHHUKA

O.10.IcaeHko

Knroyoei crioega: ynbmpa3seyk; chpakuis; aHmueeH, akyuHa, iMyHo2eHHicmb,; Bordetella pertussis
OnucaHa ¢hidudHa mexHoro2isi 00epXKaHHS MOBEPXHEBUX aHMUZEHI8 3 MPOMEKMUBHUMU &/1acmugocmsi-
MU 3 MIKPpOBHUX KIimuH 36yOHUKa Kallroka rpu 8iocymHocmi 000amkKo8020 3aCmocCy8aHHS XiMiYHUX
i cuHmemuy4Hux pe4osuH. MexaHiyHe pylHy8aHHS KIimuHHUX 060TOHOK MiKpoopaaHiamy 30ilicHro8a-
J10Cb 8 WadHoMy pexxumi 3a O0NOMO20t0 HU3bKOYacmMomHO20 yibmpa3seyKy Marol momy»xxHocmi, uwo
0038071UIT0 HE MoWKOOUMU NpomeKkmuegHi 6ioroaidyHo akmueHi pe4o8uHU. YibmpaueHmpugyayeaHHs
MIKpOOHUX yribmpa3gyKkogux 0e3iHmezpamie ma HacmyrHe eeflb — XxpoMmamozpacghidyHe po30ineHHs
00380s1UIU OMpuUMamu fMPOMeKMUBHUU aHMuUaeH 3 MOJIEKYISAPHO Macoro ~ 8,1 k[Ja ma docmosip-
HO 36inbwumu toeo numomy eaey 3 (62,5+9,1%) do (86,2+4,6%) (P<0,05). Bug4yeHHs1 moKcu4HOCMi
8 mecmi 3MiHU Macu Muwel rnokasaso HasieHICmb ghakmopie namoaeHHOCMi 8 YirnioMy aHmu2eHHOMY
Komriniekci ma y ¢hpakuyioHogaHoMy KOMIoHeHmi 3 macoro ~ 3,0 klJa, a oyuweHuli HamusHuUl aHmu-
eeH 3 macoro ~ 8,1 k[la 8 pospaxosaHit 003i (160 MK2) He MiCMU8 MOKCUYHUX CrioryK. AHmMu2eHHUU
KOMMOHeHm 3 MOJreKyrnspHot mMacor ~ 8,1 k[Ja He nposiernsg gicmamiH-ceHcubinizyodux ma oep-
MOHeKpomu4Hux enacmusocmed. pu susdYeHHi iMyHO2eHHOocmi ¢hpakuii 3 macoro ~ 8,1 k[Ja ecma-
HOBIEHO CUbHUU rPsIMUl KOpenauitHul 38’a30K MiX 36irbWEHHSM WerneabHOi 003U aHmueae-
Hy ma 8i0r1ogiOHUM 3binbWEeHHSIM Harnpy>XeHocmi iMyHimemy y 8aKUUHO8aHUX MeapuH, W0 8Ka3ye
Ha crieyugidyHicmb odepxaHuX pesyrbmamig ma rnpomeKkmugHy akmueHiCmb 3a3HaqyeHoI ghpakuyil.
Bidcomok muwed, wo 8uxusu, SKUX 8aKyuHy8anu HamusHUM aHMU2eHOM 3 MOJIEKYIISIPHOK Macok
~ 8,1 k[Ja nepebinbwue 8i0COMOK meapuH, WerneHuUx aay3e8um cmaH0apmMHUM 3pa3KoM Kallsio-
Koeoi eakyuHu, 8 1,9 pasu.

Cnocob NONY4YEHNA HATUBHOIO NMPOTEKTUBHOIO KOKINMKOLWWHOINO AHTUIEHA

C NomMouWbO HU3KOYACTOTHOIO YNIbTPA3BYKOBOI'O ®AKTOPA

E.FO.UcaeHko

Knrodesnbie criosa: yribmpassyk; hpakyus; aHmuzeH, sakyuHa, UMMyHo2eHHocmb, Bordetella
pertussis

OnucaHa u3uyeckasi mexHos102us Moy4eHUs: MO8EePXHOCMHbLIX aHMU2EHO8 C MPOMeKMUBHbLIMU
ceolicmeamu U3 MUKPOBHbIX Kriemok 8036yOumeris KOK/rwa rnpu omcymcmeuu O0nMoIHUMEeTbHO20
MPUMEHEeHUs1 XUMUYECKUX U CUHmemu4eckux eewiecms. MexaHu4yeckoe paspyweHuUe KiemoYHbIX
0607104eK MUKpPOOp2aHU3Ma OCyUecmernsnock 8 Wadsauwem pexume ¢ MOMOWbHO HU3KOYacmomHO20
ynbmpasasyka mMasaol MowHOCmu, 4mo no3eosuso He rnospedums rnpomekmusgHble 6uooau4yecKu
aKkmueHble geujecmsa. YnbmpaueHmpugyaupogaHue MUKpObOHbIX yribmpa3syKoeblx 0e3uHmeepa-
moe u rnocnedyroujee 2ernb-xpomamoepaghudeckoe pa3desieHue Mo3eonusio rnoay4yums MpomeKmus-
HbIU aHmMueeH ¢ MoreKynsapHou maccol ~ 8,1 k[Ja u docmoeepHoO ysenu4ume €20 yOesibHbIl 8eC C
(62,5+£9,1%) 0o (86,2+4,6%) (P<0,05). 3ydyeHue mokcu4HOCmMu 8 mecme U3MeHEeHUsI Macchbl Mblliel
rokasaro Hanu4ue ¢hakmopos namo2eHHOCMU 8 UesIoM aHmu2eHHOM KOMIIIEKce U 80 (hpakyUuoHU-
posaHHOM KomroHeHme ¢ maccol ~ 3,0 k/a, a o4uweHHbIlU HamueHbIl aHmueeH ¢ maccol ~ 8,1 k[la
8 pacdyemHou dose (160 mMKa) He codepkasl MOKCUYECKUX cOeQUHeHUlU. AHmMuU2eH ¢ MOMeKynspHoU
maccol ~ 8,1 k[Ja He posernsi 2ucmaMuH-CeHCUbUIU3UPyroUWUX U O0epMOHEKPOMUYECKUX ceolicms.
[pu usy4eHuuU umMmyHo2eHHocmu ¢hpakyuu ¢ maccold ~ 8,1 k[]la ycmaHoereHa cunbHas rnpsmas Kop-
pensiyuUOHHas ces3b Mex0y yeermudyeHuUeM rnpueu8oyHoU 003bl aHmMuU2eHa U Coomeemcmeyrouwum
yeenu4yeHuUeM HarnpsekeHHoOCmu UMMyHUMema y 8aKUUHUPOBAHHbIX XUBOMHbIX, YMO yKa3bieaem Ha
crneyughuyHOCMb rosyHeHHbIX Pe3ysibmamos U MPOMeKMmMUBHY akmueHOCMb yKa3aHHOU hpakyuu.
lpoueHm ebiKUBLWIUX Mbiuwel, KOmOopbIX 8aKUUHUPO8aIU Hamu8HbIM aHmMuU2eHOM C MOJeKynsapHOU
maccol ~ 8,1 k[]a npeabicur MPoUeHm XU80MHbIX, MPUBUMbIX ompacsiesbiM cmaHOapmHbiM 0bpa3-
UOM KOK/oWHOU eaKUuHbl, 8 1,9 pasa.
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Currently some success has been achieved when using liposomes in development of new drugs with
various actions. Scientists have demonstrated the use of phospholipids as the raw material for pro-
duction of liposomes. Supercritical fluids are used for producing multilayer, large and small monolayer
liposomes. The size and behaviour of liposomes are determined primarily by the presence of a closed
membrane wall. As a result, liposomes remain undamaged under various unfavourable conditions,
and their membrane is capable to self-regenerate after its structural damages. A positive factor is that
flexibility and fluidity of the bilayer give liposomes a high ductility. An important task in development
of the liposomal drug technology is to determine the critical parameters that affect obtaining of stable,
well characterized liposomal dispersions in large quantities. Critical parameters of the production
technology of Lesfal liposomal drug for injection have been determined. It has been found that the
most critical step is to obtain a lipid film. The main factors affecting formation of impurities in the pro-
cess of producing liposomes of Lesfal drug for injection are time; temperature and the vacuum level.
The critical parameters for these factors such as time (45 min), temperature (43°C), the vacuum level
(not less than 14 gPa) have been determined. They are the optimal values for producing a lipid film
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for Lesfal liposomes.

Currently some success has been achieved when using
liposomes in development of new drugs with various
actions. Scientists have demonstrated the use of phos-
pholipids as the raw material for production of lipo-
somes [5, 13].

As a rule, in the technology of liposomal products
a liposome membrane is formed from the same phos-
pholipids found in the composition of biological mem-
branes, i.e. phosphatidylcholine, phosphatidylethanola-
mine, phosphatidylserine. It allows to achieve complete
biocompatibility of liposomes [3, 12].

Various methods are used for liposome production.
For example, liposomes can be produced by ultrasound,
dehydration / rehydration, etc. According to the method
of dehydration/rehydration, a lipid is dissolved in an
organic solvent (chloroform, dichloromethane, metha-
nol, or ethanol), then the solution is evaporated, for in-
stance, in a rotary evaporator. Water and buffer solu-
tion are added to the lipid film formed on the wall of
the evaporating flask resulting in multilayer liposomes.
Monolayer liposomes are produced by subsequent ul-
trasonic treatment of the lipid suspension [6, 9, 11].

Lately, the technology of supercritical fluids has been
applied for liposome production. These methods allow
producing multilayer, large and small monolayer lipo-
somes. The size and behaviour of liposomes are deter-
mined primarily by the presence of a closed membrane
wall. Despite the molecular thickness (approximately
4 nm), the lipid bilayer is distinguished by the remarkable
mechanical strength and flexibility. As a result, liposomes
remain undamaged under various unfavourable condi-
tions, and their membrane is capable to self-regenerate
after its structural damages. A positive factor is that flexi-

bility and fluidity of the bilayer make liposomes highly

plastic [7, 8].

Taking the above into account an important objec-
tive for development of the technology of liposomal drugs
is to determine the critical parameters affecting produc-
tion of stable, well-characterized liposomal dispersions
in large quantities [10]. Sterile medicines require par-
ticularly serious attitude to ensure quality.

Critical parameters for the technology of a drug for
injection using essential phospholipids, which may in-
fluence on the strength of the lipid film, and, as a result,
on reproducibility from batch to batch, functional cha-
racteristics and quality of the product, are:

* the mixing time;

* the rate of the mixer when Lipoid EPCS 100 and
excipients are dissolved;

» the pH of solutions, the quantitative content of phos-
phatidylcholine, lysophosphatidylcholine and ben-
zyl alcohol;

» the time and storage temperature of the drug solu-
tion before bottling;

» temperature at the stages of technological process;

» formulation under the nitrogen atmosphere;

» sterility of the primary package;

» aseptic filling of the drug.

The most critical stage is production of a lipid
film [2].

The aim of the work is to determine critical para-
meters of the production technology of Lesfal liposo-
mal drug for injection.

Materials and Methods

Ethanol determination was performed by gas chro-
matography (SPhU, 2.2.28) [4] on an Aglient 7890N gas
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Fig. Integration of the peaks of phosphatidylcholine.

chromatograph with a flame-ionisation detector under

the following conditions:

* a HP-INNOWax fused silica capillary column with
the size of 30 m % 0.25 mm covered with a layer
of polyethylene glycol with the layer thickness of
0.25 pum;

e the column temperature: 100°C;

* the injection temperature: 230°C;

* the detector temperature: 250°C;

* the split ratio: 1:25;

» the carrier gas: helium for chromatography R;

» the flow rate: 0.7 mL/min.

The content of ethanol in 1 mL of the drug (X,), mg,
was calculated using the equation:

v Simy110-P S, -my-P )
> 5,-100-1-10-100 S, -10000 °

where: S, — is the average area of the peak of ethanol in
the chromatogram obtained with Reference solution (b);
S, — is the average area of the peak of ethanol in the
chromatogram obtained with Test solution; m, — is the
weighed amount of ethanol used for preparation of Refe-
rence solution (b), mg; P — is the content of the major
substance in ethanol used for preparation of Reference
solution (b), %.

Determination of phosphatidylcholine and lysophos-
phatidylcholine was performed by liquid chromatogra-
phy (SPhU, 2.2.29) [4] on an Aglient 1200 liquid chro-
matograph with an ultraviolet detector under the follow-
ing conditions:

* the steel column with the size of 250%4.6 mm packed
with Kromasil Si sorbent with the particle size of 5 um,
or equivalent meeting the requirements of the chro-
matographic system suitability;

* the mobile phase: isopropanol-n-hexane—water R
(67:16.5:16) ultrasonically degassed;

e the flow rate: 1.0 mL/min;

e detection: at 205 nm;

* the column temperature: 40°C;

* the volume of injection: 10 pL for determination
of phosphatidylcholine; 50 pL for determination of
lysophosphatidylcholine.

Before the analysis the chromatographic column was
equilibrated with the mobile phase in the volume of not
less than 300 mL.

Reference solutions (a) and (b) were chromatographed.

The retention time of the peak of phosphatidylcho-
line is about 10 min; the retention time of the peak of

rence solution (a) and the peak of lysophosphatidyl-

choline in the chromatogram obtained with Refe-

rence solution (b).

The content of lysophosphatidylcholine in 1 mL of
the drug (X,), mg, was calculated using equation 2:

S, -my-50-P-p S, -m,-P-p 5
© S, -100-m,-100 S, -m,-200° )

where: S — is the average area of the peak of lysophos-
phatidylcholine in the chromatogram obtained with Refe-
rence solution (b); S, — is the average area of the peak of
lysophosphatidylcholine in the chromatogram obtained
with Test solution; m, — is the weighed amount of lyso-
phosphatidylcholine used for preparation of Reference
solution (b), mg; m, — is the weighed amount of the drug
used for preparation of 7est solution, g; P — is the con-
tent of the major substance in lysophosphatidylcholine
used for preparation of Reference solution (b), %; p —is
the density of the drug.

The content of lysophosphatidylcholine per 1 mL of
the drug should be:

* not more than 4 mg at the time of release;
* not more than 6.62 mg on the expiration date.

Evaporation of the alcoholic solution of Lipoid
EPCS 100 was performed on a BUCHI rotary evapo-
rator R-215 using the nitrogen blanketing. This rotary
evaporator comprises the following major components:
a vacuum controller, a flask rotation speed controller
and a vapour temperature sensor, a water-bath, a vacu-
um pump. Temperature and the vacuum level are auto-
matically maintained in the equipment.

Results and Discussion

During the experiment when evaporating the alco-
holic solution of Lipoid EPCS 100 the following para-
meters were changed: 1) the time of evaporation at con-
stant temperature and the vacuum level, 2) the tempera-
ture at vacuum of 20 gPa and the time of 45 min, 3) the
vacuum level at constant temperature and time. The re-
sults of the study are presented in Tab. 1, 2, 3.

As shown by the data from Table 1, with the time of
evaporation from 35 to 45 min the content of lysophos-
phatidylcholine impurity is within the allowed limit range,
but the content of ethanol does not comply with the spe-
cification. The data from Tab. 2 indicate that the results
are best approximated to the optimal ones at the tem-
perature of 43°C and the time of 45 min, however, the
content of lysophosphatidylcholine is at the upper limit,
and the content of ethanol is too high. The required con-
tent of impurities in the drug is achieved at the given
values of time, temperature, and at the vacuum level of
12 and 14 gPa (Tab. 3).

4
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Table 1
Determination of the optimal time for production of a lipid film
Experiment Temperature. °C | Vacuum. aPa | Time. min Content of impurities Content of ethanol
No. P ! 9 ! (not more than 4.0 mg/mL) | (not more than 5.02 mg/mL)
1 40 20 35 0.8 12.6
2 40 20 40 0.9 8.5
3 40 20 45 3.6 7.7
4 40 20 50 4.7 7.2
5 40 20 60 6.4 6.3
Table 2
Determination of the optimal temperature for production of a lipid film
Experiment Temperature. °C | Vacuum. aPa | Time. min Content of impurities Content of ethanol
No. P ! 9 ! (not more than 4.0 mg/mL) | (not more than 5.02 mg/mL)
1 40 20 45 3.6 7.7
2 41 20 45 4.0 6.7
3 43 20 45 4.0 6.5
4 45 20 45 5.8 2.0
5 50 20 45 6.5 1.1
Table 3
Determination of the optimal vacuum for production of a lipid film
Experiment Temperature. °C | Vacuum. aPa | Time. min Content of impurities Content of ethanol
No. P ! '9 ! (not more than 4.0 mg/mL) | (not more than 5.02 mg/mL)
1 43 20 45 4.0 6.5
2 43 18 45 4.2 5.8
3 43 16 45 4.3 5.0
4 43 14 45 3.3 4.2
5 43 12 45 3.3 3.0
Table 4
The optimal parameters for production of a lipid film
Temperature. °C Vacuum, gPa, Time. min Content of impurities Content of ethanol
P ! Minimum ! (not more than 4.0 mg/mL) (not more than 5.02 mg/mL)
43 14 45 3.3 42

The optimal parameters of production of a lipid film
are given in Tab. 4.

Taking into account the physical and chemical pro-
perties of Lipoid EPCS the terminal sterilization of the
drug is impossible. Sterilization was performed by filtra-
tion through a 0.1 um filter, which is acceptable accord-
ing to the requirements of the SPhU, article Methods
of Preparation of Sterile Products. The drug was asep-
tically filled in the volume of 5.0 mL into dark-glass
ampoules previously blown with sterile nitrogen [1].

The material of ampoules (glass of hydrolytic class
1) was selected according to the requirements of the

SPhU, article 3.2.1 Glass Containers for Pharmaceuti-
cal Use.

The preliminary stability study of the drug has con-
firmed suitability of the primary package.

CONCLUSIONS

1. The major factors that affect formation of impuri-
ties when producing liposomes of Lesfal drug for injec-
tion are time, temperature and the vacuum level.

2. The critical parameters for these factors such as
time (45 min), temperature (43°C), the vacuum level (not
less than 14 gPa) have been determined. They are the opti-
mal values for producing a lipid film for Lesfal liposomes.
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BU3HAYEHHA KPUTUYHUX NAPAMETPIB TEXHONOI OTPUMAHHSA NPENAPATY
«JIECOAIIb»

r.lI.bopwescbkuti

Knroyoei cnoea: ninocomu; mexHosoeis; KpumuydHi napamempu aupobHuymea

Y menepiwHilt yac 0ocsigHymi nesHi ycrixu rnpu 8UKOpUCMaHHi finocoM y CMeOpeHHI HO8UX rliKap-
CbKUX ripernapamie pi3Hoi cripsmosaHocmi Oii. BueHUMU 0osedeHO 3acmocysaHHs1 ¢hocghoninidie e
sIKOCMi cUpPOBUHU 01151 Mpu20myeaHHSs flinocom. Halibinbw Yacmo 07151 ompuMaHHS JTiNoCoM 8UKOpPUC-
mOo8yrmb MEeXHOII0&2it0 HaOKPUMUYHUX POo34UHI8. 3a ii ornomMozor MoxHa ompumMamu bazamouwiaposi,
geriuKi i OpibHi oOHOowWwaposi ninocomu. Po3mipu ninocom i ix nosediHka su3Ha4arombCs, Hacamre-
ped, HasiBHICMIO y HUX 3aMKHymoi MembpaHHOI 06010HKU. BHacnidok yboe2o sinocomu 36epizaroms
uinicHicme fpu pi3HUX Hecripusmaueux ymoeax, a ix membpaHa mae 30amHicmb 00 caMOB8iOHO8-
JIEHHS MPpU CIMPYKMYyPHUX MOWKOOKEHHSX. [To3umusHUM ghakmopom € me, wo eHy4qKicmb biwapy i
lioeo nnuHHicmb Hadarome J1inocomMam 8UCOKOI nnacmuyHocmi. Baxnugum 3agdaHHSIM ripu po3pobui
mexHos1o2ii ninocoMarnibHUX rpernapamie € 8U3Ha4YeHHsT KpUmuUYHUX rnapamempie, SKi eniuearomb
Ha ompumaHHs1 cmabinbHUXx, 00bpe xapakmepu3o8aHuXx flirnocomaribHUX OuCnepcill y 8eUKUX Kirlb-
Kocmsx. BusHayeHi Kpumuy4Hi napamempu mexHorozii ompuMaHHs iH’eKyiliHo20 n1irnocomMarnbHO20
npenapamy «Jflecehanby». BcmaHoeneHo, wo Halbinbw Kpumu4yHor € cmadid ompumMaHHs ninidHor
rinieku. OCHOBHUMU ¢hakmopaMu, W0 8r/iuearmb Ha YymeOopeHHsT OOMIWOK y NMpoueci ompuMaHHS
niinocom iH’ekyitiHo2o npenapamy «Jfleccpanb», € Yac, memrnepamypa i pieeHb 8akyymy. BusHa4yeHi
Kpumud4Hi napamempu daHux ¢hakmopig: Yac (45 xe8), memnepamypa (43°C), seniuduHa 8akyymy (He
meHwe 14 alla), siki € onmumanbHUMU 0515 IPoUecy ompuMaHHs NiridHOI rieKu inocoM rnpenapamy
«Jlecgpariby.

= 0 0 N SR W

OMNPEQJENEHUE KPUTUYECKUX MAPAMETPOB TEXHOINOIMHM NMNONMYYEHUA NPEMAPATA
«JIECO®AIIb»

I UN.bopweeckuli

Knroueenle crioea: fiunocomMbl; MexHOI02uUsi; Kpumuyeckue napamempsl npou3sodcmea

B Hacmosiwee epemsi docmuzHymbi orpederieHHbIe ycriexu rnpu UCronb308aHUU fUIoCoOM 8 co30aHuu
HOBbIX JIEKapPCMBEHHbIX npernapamos pasiudyHoU HarpasneHHocmu delicmeusi. Y4eHbie dokasanu
rnpumeHeHue ¢ghocghonunudos 8 kadecmee Cbipbsi Orid rpuaomosrneHus nunocom. Haubonee 4acmo
01151 r1o/1y4eHUsI JIUMOCOM UCIOMb3YHM MEeXHOI02UK C8ePXKPpUMUYecKUx pacmeopos. C eé noMouwlbto
MOXHO r10/Ty4UMb MHO20C/I0UHbIE, KPYIHbIe U Merlkue 0OHOC/IOUHbIE IUMNOCOMbI. Pa3mepb unocom
u ux rnosedeHue onpedenaomcs, npexoe 8ce2o, HaU4YUeM y HUX 3aMKHymou membpaHHoU 060-
JI04KU. B pesynbmame 3mozo funocomMbl COXpaHsom UerioCmHOCMb Mpu pasiuyHbIx Hebrnazonpu-
SIMHbIX YCriogusix, a ux membpaHa obriadaem criocObHOCMbIO K CaMOB0OCCMAaHOBIIEHUIO MPU CIMPYK-
mypHbIX nospexoeHusix. [NonoxumensHbIM ¢hakmopoMm sierisiemcs: mo, 4Ymo 2ubkocms 6UCIos U e2o
mekKy4yecmb ripudarom JiunocoMam 8bICOKYH rnaacmu4yHocms. BaxHol 3adadvel npu paspabomeke
MmexHO/102uU 1UNOCOMaribHbIX Mpenapamos s6/semcs ornpedesieHUe KpUmu4yeckux rnapamempos,
8IUSIOWUX Ha MoflyYeHuUe cmaburibHbIX, XOPOWO Xapakmepu3yeMbiX JTUMocoMarbHbIx ducrnepcull
8 bonbwux Konuyecmesax. OnpedeneHbl KpUMU4YecKue napamMempbl MEXHOI02uU Moy4YeHUsT UHb-
EeKYUOHHO20 NUMocoMaribHo20 rpenapama «Jflecganby». YcmaHoeneHo, 4Ymo Haubonee Kpumu4HouU
sensgemcsi cmadusi nonydeHusi nunudHou rnneHku. OCHOBHbIMU thakmopamu, eusoWuMu Ha 06-
pasoeaHue npumeceli 8 npoyecce noy4eHuUs1 UMNOCOM UHBbEKUUOHHO20 npenapama «Jleceharnby,
S6M15I0MCs 8peMsi; memriepamypa U yposeHb 8akyyma. OnpedernieHbl Kpumuyeckue rnapamempsl
OaHHbIX hakmopos: 8pems (45 muH), memnepamypa (43°C), ypoeeHb 8akyyma (He meHee 14 2lla),
Komopsble 518151mces onmumarbHbiMu 07151 poyecca rnosy4YeHus aunudHoU MIeHKU JIUrnocoM npe-
napama «Jleccharby.
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On the example of Klimased drug with the purpose of choosing the analytical equipment for quality
control of combined drugs of the plant origin the study on major functional and performance characteristics
(design qualification) of the equipment used according to pharmacopoeial requirements(SPhU and USP)
and the target analytical tasks has been conducted. It allows to select equipment for an enterprise.
A comparative analysis of functional and technical specifications of the devices to perform analysis of
the combined drugs from the medicinal plant raw material by the method of thin-layer chromatography
has been conducted. It has been experimentally proven that the configuration of the chromatographic
chamber does not affect the result of the analysis, chambers manufactured by Sorbfil are more
affordable by economic indicators. When analysing the medicinal plant raw material and drugs from
it the TLC and HPTLC plates on all substrates with an UV indicator can be used, it is advisable to
make the final choice by economic components or their availability. Characteristics of the devices
for applying solutions of chromatograms have revealed that when choosing microsyringes the best
indicator is its volume. When comparing devices for detecting or quenching fluorescence manufactured
by Sorbfil (Russia) and Spectroline (USA) it has been proven that each of the devices studied can be
used to identify chromatographic zones. The manufacturer Spectroline has the quality certificate ISO
9001:2008 and is more affordable, therefore, it is superior to irradiator UVS-254/365 manufactured
by Sorbfil. Among the devices for spraying chromatograms the sprayers of GGB (USA) have a
comfortable design and a suitable volume, but by cost they are much more expensive than sprayers
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of Sorbfil (Russia). It is advisable to make the final choice based on the economic component.

A key element in organization of production and
quality management is the quality control system, and
one of its main objectives is to obtain reliable results
during the analysis. Such results are only possible when
using laboratory equipment with the required technical
characteristics and correct functioning.

Equipment qualification is a necessary preliminary step
for validation/verification of analytical methods [1, 4, 8].

The aim of our paper was to qualify the laboratory
equipment used in the analysis of a multicomponent herbal
drug Klimased by thin-layer chromatography (TLC).

Materials and Methods

When evaluating the quality of Klimased drug accord-
ing to its Drug Master File (DMF) such physical and
physicochemical methods of analysis as TLC, HPLC,
GC, etc., were used.

On the example of Klimased drug with the purpose
of choosing the analytical equipment for its quality control
the study of major functional and performance charac-
teristics (design qualification) of the equipment used ac-
cording to pharmacopoeial requirements (SPhU and USP)
and the target analytical tasks were conducted. It allows
to select equipment for an enterprise [2, 3, 6, 7, 9].

In the process of our study the propositions of manu-
facturers that supply analytical equipment used to iden-
tify the active substances of the drug under research (TLC)
to the pharmaceutical market of Ukraine were analyzed.

Results and Discussion

The results of analysis of the requirements of the
SPhU and USP to the equipment used in the TLC me-

thod in the qualitative analysis of Klimased are given
in Tab. 1.

A comparative analysis of functional and technical
specifications of the devices to perform analysis by the
method of thin-layer chromatography is given in Tab. 2.

As Tab. 2 shows, a comparative analysis of func-
tional characteristics of the chromatographic chambers
of different manufacturers (Sorbfil, Russia and GGB,
USA) has found that the size of the plate affects the
choice of chambers for conducting the experiment. The
Latch-LID Chromatotanks model (27x7%26 cm) manu-
factured by GGB (USA) is optimal when using the TLC
plates with the size of 20x10 (for simultaneous analysis
of many samples). It has been experimentally proven
that the configuration of the chromatographic chamber
does not affect the result of the analysis [5]. Chambers
manufactured by Sorbfil are more affordable by eco-
nomic indicators.

Comparative characteristics of analytical and high-
performance plates for TLC of such manufacturers as
Sorbfil (Russia), Macherey-Nagel (Germany), Merck (Ger-
many) have found that as a sorbent all plates contain
silica gel, which is selective in separation of compounds
containing various functional groups of the medicinal
plant raw material (the medicinal plant raw material and
drugs with the medicinal plant raw material) [5, 6, 8].
The plates under research contain aluminium, polyethy-
lene terephthalate, glass as a substrate, each of them has
advantages (inert glass material, aluminium and poly-
ethylene terephthalate are easy to use) [5, 6]. When ana-
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Table 1

Qualification of equipment for TLC analysis of Klimased drug (requirements of the SPhU and USP)

Equipment Requirements of the SPhU | Requirements of the USP

The stationary phase consisting of a suitable material applied in the form of a standardized
thin layer and fixed on the base (plate) made of glass, metal or plastic
To use plates made in industrial conditions is permit- | To use plates made in industrial condi-
ted if they comply with the requirements of section |tions is permitted
4.1.1. «Reagents», as well as “System suitability test”
described in a separate article. It is recommended to

TLC or HPTLC plates determine convergence of R, values

The substrate is made of glass, metal or plastic, coat-
ed with a layer of silica gel with a suitable thickness
and particle size for HPTLC plates — 2-10 um and for
common TLC plates — 5-40 um. If necessary, the par-
ticle size is indicated after the name of the sorbent in
the tests where it is used. The sorbent may contain an
organic binding substance

The average particle size for HPTLC
plates — 5 um, for TLC plates 10-15 um

Micropipettes,
microsyringes,
calibrated capillaries

Devices suitable for applying solutions

Manual, semi-automatic or automatic de-
vices for applying samples. A template
for drawing zones manually at specific
intervals, measuring the distance and
assisting in labelling can be addition-
ally used

Chromatographic
chamber

The container with a tight fitting lid and a flat bottom

or a bottom with two troughs made of

an inert transparent material corresponding to the size of the plates used

Developing devices or
reagents

Suitable devices used to transfer reagents on the plate by spraying, vapour treatment or im-
mersion that provide, if necessary, heating to detect the compounds separated

Devices for detecting or
quenching fluorescence

Requirements are not given

The UV light source for examining in the
short-wave (254 nm) and long-wave
(365 nm) light

Documentation

For example, photographs or computer files can be
used for documenting the chromatograms detected

A suitable device to register the chro-
matograms detected

Table 2

A comparative analysis of functional and technical specifications of the devices for TLC analysis and their cost

Equipment Name Description Cost
1 2 3 4
Chromatographic chamber
Chromatographic chamber with a
dividing ledge for plates of 10x10 cm. 2 000 RUB
The size — (150x120x80 mm) . )
Chromatographic chamber for plates Chambers are.n)a.de of chemically resistant glas§.
Sorbfil, They have a dividing ledge at the bottom for fixing
Russia of 1 5?” > cm. plates and saving the eluent. Chambers are supplied 2850RUB
The size — (150x120x80 mm) . . ’
- with a ground lid
Chromatographic chamber for plates
of 15x15 cm (glued with silicone). 1600 RUB
The size — (190x195x65 mm)
Heavy glass of the design is suitable for regular use
for many years. The design is sustainable against acci-
dental contact due to the weight (about 15 feet) and
the flat bottom. A clear glass allows to inspect easily
Chromatographic chamber with a flat t_he contents of the cha_m!oer from all sjdes. A ﬂat_
GGB, USA | bottom (Latch-LID Chromatotanks). l'g provides rellgb!e fit, itis mafje of m.'”f glass with 156.28 $
The size — (27x7x26 cm) edges beveleq inside qnd outside avq|d|ng all sharp
edges. The unique design of self-locking has the cor-
responding latches on the lid and the chamber and
allows the structure when closing the chamber with
the lid be firmly in position. Metal components of the
mechanism-latch lid are made of stainless steel
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Table 2 continued
1 2 3 4
This model can place up to two plates and is suitable
for storing small amounts of test solvents (when select-
ing the optimal solvent in the process of studying the
unknown substances).
A smaller cubic size of the chamber makes it faster and
Chromatographic chamber witha | more evenly saturate the atmosphere with solvents and
flat bottom, 10 cm Thinline (Latch- | use a smaller volume of the solvent. A clear glass allows to
Lid Chromatotank unit/Tank - Lid, inspect easily the contents of the chamber from all sides. 93.89§
intended for plates of 10x10 cm or | Aflat lid provides reliable fit, it is made of milk glass with
10x5 cm. The size - (12x6.4x11.5) | edges beveled inside and outside avoiding all sharp edges.
The unique design of self-locking has the corresponding
latches on the lid and the chamber and allows the structure
when closing the chamber with the lid be firmly in position.
Metal components of the mechanism-latch lid are made of
stainless steel
TLC or HPTLC plates
Sorbfil PTLC-P-A (10x10), 50 ps Analytical, without an UV indicator. 1480 RUB
o Particle size: 5-17 um.
Sorbfil PTLC-P-A (10x15), 50 ps The substrate material - PET film (polyethylene 2200RUB
Sorbfil PTLC-P-A (10x20), 50 ps terephthalate) 3350 RUB
Sorbfil PTLC-P-A-UV (10x10), 50 ps__| Analytical, with an UV indicator (254 nm). 1680 RUB
Sorbfil PTLC-P-A-UV (10x15), 50 ps | Particle size: 5-17 um. 2 580 RUB
Sorbfil PTLC-P-A-UV (10x20), 50 ps | The substrate material - PET film 3800 RUB
Sorbfil PTLC-P-V (10x10), 50 ps High-performance, without an UV indicator. 2100 RUB
Particle size: 8-12 pm.
Sorbfil PTLC-P-V-UV (10x10), 50 ps E}%E:E_e\;_fﬁwance’ with an UVindicator. 2300 RUB
Sorbfil, Particle size: 8-12 um.
Russia, Sorbfil PTLC-P-V-UV (10x15), 50 ps The substrate material — PET film 3590 RUB
Krasnodar [ sorbfil PTLC-AF-A (10x10,50 ps | Analytical, without an UV indicator. 1480 RUB
Sorbfil PTLC-AF-A (10x15), 50 ps Particle size: 5-17 pm. 2200 RUB
Sorbfil PTLC-AF-A (10x20), 50 ps The substrate material - aluminium foil 3350 RUB
Sorbfil PTLC-AF-A-UV (10x10), 50 ps | Analytical, with an UV indicator (254 nm). 1680 RUB
Sorbfil PTLC-AF-A-UV (10x15), 50 ps | Particle size: 5-17 um. 2 580 RUB
Sorbfil, PTLC-AF-A-UV (10%20), 50 ps | The substrate material - aluminium foil 3800 RUB
Sorbfil, PTLC-AF-V (10x10), 50 ps High-performance, without an UV indicator. 2100 RUB
Particle size: 8-12 um.
Sorbfil, PTLC-AF-V (10x15), 50 ps The substrate material — aluminium foil 3300 RUB
Sorbfil, PTLC-AF-V-UV (10x10), 50 ps | High-performance, with an UV indicator. 2300 RUB
Particle size: 8-12 um.
Sorbfil, PTLC-AF-V-UV (10x15), 50 ps | The substrate material — aluminium foil 3590 RUB
Macherey- TSP Analytical, with an UV indicator (254 nm).
Nagel, SD”CGF/%r\t)gf(();g)rgzﬁ(\)I;Ug]sRA;\/l Particle size: 5-17 pm. 1300 UAH
Germany 254 2P The substrate material — aluminium foil
Analytical, with an UV indicator (254 nm). 1868.0
Silica gel 60 F,, (10x10), 25 ps Particle size: 10-12 pm. ]
i UAH
The substrate material — glass
Analytical, with an UV indicator (254 nm).
,(\SA:rrrimlzn Silica gel 60 F,, (10%x20), 50 ps Particle size: 10-12 pum. 23%40
y The substrate material — glass
High-performance, with an UV indicator (254 nm).
Silica gel 60 F,;, (20x10), 50 ps Particle size: 5-6 um. 4585 UAH
The substrate material - glass
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Table 2 continued
1 | 2 | 3 | 4
Device for applying
M-1, volume - 1 ul, without guiding (1 ps) 2 750 RUB
M-1H, volume - 1 pl, with guiding (1 ps) Calibration mi;rosyringes are des'igned for 3570 RUB
;orbﬁl, M-10, volume - 10 ul, without guiding (2 ps) metered app!ylng standard solutions and 3740 RUB
ussia - — dosed analytical samples on the plates.
M-10H, volume - 10 pl with guiding (2 ps) The needle has a brushed straight cut 5170 RUB
M-50, volume — 50 ul, without guiding (1 ps) 4 000 RUB
A microsyringe with a fixed needle, caliber
705N, volume - 50 pl 225 (225/51/2) 574.50 UAH
Hamilton, A microsyringe with a fixed needle, caliber
Switzerland 701N, volume - 10 ul, 26s (265/);1/2) 4000 RUB
A microsyringe with a fixed needle, caliber
702N, volume - 25 pl, 225 (225/51/2) 470.50 UAH
Devices for detecting or quenching fluorescence
CM-10, a cabinet with 4W combined lamp The multifunctional cabinet that is
(365 nm with 300uW/cm?, 254 nm with specifically designed for use with Spectroline
310 pW/cm?). UV lamps. It is made of aluminium coated 450%
The size: 22.9%30.5x16.5 cm. with polyurethane lacquer.
The weight: 3.2 kg A protective coating against UV-radiation
Spectroline, |CM-10 a cabinet with 6W combined lamp is built in the vinyl window for looking at
USA (365 nm with 350pW/cm?, 254 nm with chromatograms. The vinyl window increases
390 pW/cm?). contrast between fluorescence area and the
The size: 22.9x30.5x16.5 cm. background, reducing eye fatigue. 510$
The weight: 3.4 kg The cabinet can be ordered separately or
with 4-/ 6-cotton lamp, that absorbs in the
short-wave and long-wave regions
Irradiator UVL -254/365 The emission source:
The supply voltage: 220V Luminescent ultraviolet lamp KLC 9/UV 13023.00
Sorbfil, Power consumption, VA: not more than 30 {365 nm -1 ps UAH./
Russia The size: 32x20%x27 cm. Mercury germicidal lamp DKB 9 254 nm -1 ps 38800 RUB
The weight: 5 kg The size of TLC plates is not more than -
1515 cm
Developing devices
Sprayer with a bulb, Sorbfil. A sprayer is intended for applying a
The sizes: height — 170 mm, diameter of the | developing reagent on chromatographic
Sorbfil, sprayer — 26-30 mm. plates. 280.80 UAH
Russia A glass atomizer of the sprayer contains /1200 RUB
system and container for solution in the
same body and placed on a PVC bulb
Sprayer unit, volume — 10 ml A screw design prevents «reverse spray- 117.75$
, ing»; made of borosilicate glass. Change-
GGB,USA | SPrayerunit, volume - 50 m| able sprayer. The opportunity of choos- | 117.75$
; _ ing a sprayer of the appropriate volume.
Sprayer unit, volume =125 m| The devicg operates at low air pressure 17755

lysing the medicinal plant raw material both analyti-
cal (TLC) and high-performance (HPTLC) plates can

be used, they

differ mainly in the size of the particles.

During routine analysis the use of TLC plates with the
particle size of 5-17 pm is enough. The presence of an

UV indicator

is important when choosing plates since

in the pharmaceutical analysis of various classes of

biologically a

ctive substances (BAS) of the medicinal

plant raw material detection of many compounds oc-
curs in UV light. Therefore, when analysing the medici-

nal plant raw

material and drugs from it the TLC and

HPTLC plates on all substrates with a UV indicator can

be used. It is advisable to make the final choice based
on the economic component or availability of plates.

Characteristics of the devices for applying solutions
of chromatograms have revealed that when choosing mic-
rosyringes the best indicator is its volume. The volume
of 10-50 pl is optimal for the analysis of the medicinal
plant raw material.

When comparing devices manufactured by Sorbfil
(Russia) and Spectroline (USA) for detecting or quenching
fluorescence it has been shown that each of the devices
studied can be used to identify chromatographic zones.
The manufacturer Spectroline has the quality certificate
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ISO 9001:2008 and is more affordable, therefore, it is supe-
rior to an UVS-254/365 irradiator manufactured by Sorbfil.

Comparative characteristics of the devices for spraying
chromatograms (Tab. 2) have found that sprayers of GGB
(USA) have a comfortable design and a suitable volume,
but by cost they are much more expensive than spray-
ers of Sorbfil (Russia). It is advisable to make the final
choice based on the economic component or availabil-
ity of devices.

CONCLUSIONS

On the example of Klimased drug with the purpose of
choosing the analytical equipment for quality control of
combined drugs of the plant origin the major functional
and performance characteristics (design qualification)
of the equipment used according to pharmacopoeial re-
quirements (SPhU and USP) and the target analytical
tasks has been studied. It allows to select equipment for
an enterprise.
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KBANI®IKALIA TWX-OBNAOHAHHA, WO 3ACTOCOBYETLCA B AHANI3I KOMBIHOBAHUX
POCIIMHHUX NMPENAPATIB

B.K.5lkoeeHko, K.O.Xoxnoea

Knroyoei crnioea: cucmema KOHmMporo skocmi; papmakonelHul aHanis; TLLIX-06rnadHaHHS;
Knimaced

Ha npuknadi npenapamy Knimaced 3 memoro subopy aHanimu4yHo20 obriadHaHHs1 0715l po8eOeHHSs
KOHMPOIo IKocmi KOMOiHO8aHUX JliKapCbKUX 3ac0obi8 POC/TUHHO20 MOX0OXXeHHST A0CidXeHi 20510~
8HI QbyHKUiOHabHI | eKkcriyamauilHi xapakmepucmuku (kearnicbikayis dusatiHy) obnadHaHHSs, siKe
sukKopucmosyemsbcs 8idrnogidHo 0o hapmakonelHux sumoe (APDY i USP) i nocmaeneHux aHanimuy-
Hux 3aedaHb, W0 0o3e8osse rnposecmu subip obnadHaHHS Ons nidnpuemcmesa. [NposedeHo nopie-
HAMbHUU aHani3 ¢hyHKUiOHanbHUX | MexHIYHUX xapakmepucmuk npunadie 0511 BUKOHAHHS aHani3y
KoMb6iHOo8aHUX rpernapamig 3 JliKkapCbKOoi POCTUHHOI CUPOBUHU MeMOOOM MOHKOWapos8oi XxpoMamo-
epadpii. ExcnepumeHmarnbHO 008e0eH0, W0 KOHbigypauiss XxpoMamoepaghiyHOI kKamepu He eriueae
Ha pe3ynbmam aHarisy, 3a €KOHOMIYHUM MOKa3HUKOM bifibli G0CmynHUMU € Kamepu 8upobHuymea
Copbabin. lNpu aHanisi nikapcbkoi pocriuHHoI cuposuHu (JIPC) i npenapamig 3 JIPC moxyms 6ymu eu-
kopucmaHi TLLX- i BETLLX-nnacmuHKu Ha ecix nidrnoxkax 3 Y®-iHdukamopom, ocmamoyHul subip 0o-
UirnbHO MPo8oOUMU 3a eKOHOMIYHOK CK1adoeor Hu ix docmyrHicmio. Xapakmepucmuka rnpucmpois
Orid HaHEeCEeHHS1 PO34YUHI8 XpoMamoepaM 8usi8usa, W0 onmuMarbHUM MOKa3HUKOM rpu eubopi mi-
Kpowpuuige € tio2o 0b6’em. lNpu nopieHsIHHI npucmpoie Orisi susienieHHs1 abo 2aciHHs ¢hriyopecueHuil
supobHuymea Copbapin (Pocis) i Spectroline (CLLA) ecmaHosneHo, wo 6ydb-akul 3 0ocnidxysaHuUx
npunadie Moxe 6ymu sukopucmaHul 011 8USIBIIEHHS XpoMamoepaghidHuX 30H. BupobHuk Spectroline
mae cepmucpikam sikocmi ISO 9001:2008 i 3a uiHoro 6inbw docmyrHul, Wo € to2o nepesazoro Had
onpomiHogadyem YO C-254/365 supobHuymea Copbapin. Ceped npucmpoig 055l 06rpucKy8aHHs Xpo-
Mamoeapam 3py4Hy KOHCMPYKUiro i nompibHul o6’em marome nynbeepuzamopu GGB (CLLUA), ane 3a
8apmicmio 80HU € 3Ha4HO O0pPOoXYuUMU 3a nynbeepuzamop Copbghin (Pocis). OcmamoyHul eubip
OouinbHO MPo8oduMuU 3a eKOHOMIYHOK CK1ado8o1o.

KBATTUOUKALNA TCX-OBOPYOOBAHUA, MTPUMEHAEMOIO B AHATTU3E
KOMBUHUPOBAHHBIX PACTUTENBbHbBIX NMPEMAPATOB

B.K.5lkoeeHko, E.A.Xoxnoea

Knroveenle criosa: cucmema KOHmMpoOsisi kKadecmea; aHanu3; TCX-obopydosaHue; Knumaced

Ha npumepe npenapama Knumaced ¢ yernbto 8bibopa aHanumu4ecko2o obopydosaHusi 05isi KOHMPO-
J19 Ka4ecmea KOMOUHUPOBaHHbIX JIEKaPCMBEHHbIX MPenapamos pacmumeribHO20 MPOUCXOXOeHUSs
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rposedeHbl Uccedo8aHust M0 U3yHEeHUK OCHOBHbIX (DYHKUUOHasIbHbIX U 3KCr/lyamauyUOHHbIX Xxapak-
mepucmuk (keanugukayusi dusaliHa) 060pydoeaHUsi, KOMOPOE UCIMOb3Yemcs 8 COOMeemcmeauu ¢
mpebosaHusmu chapmakonel (APY u USP) u nocmasneHHbIM aHanumu4yeckum 3adaHusiM, Ymo r1o-
3eor155em riposecmu 8bibop 0bopydoeaHusi 0nis npednpusmus. [TpoeedeH cpasHUMeEsbHbIU aHanu3
bYHKUUOHAaIIbHbIX U MEXHUYECKUX Xapakmepucmuk rnpubopoes Oris 8bINOIHEeHUs] aHanu3a Kombu-
HUPOBaHHbLIX rpenapamos U3 JIeKapCme8eHHO20 pacmumesibHO20 Chipbsi MEmMOOOM MOHKOCIOUHOU
Xpomamoepacghuu. IkcriepumeHmaribHO oKa3aHo, Ymo KoHguaypayus xpomamozpaghuyeckol Ka-
Mepbl He eriusiem Ha pe3yrbmarm aHanu3a, o 3KOHOMUYEeCKUM riokazamersm 6onee docmyrnHbIMU
sensomes kamepbl npouzeodcmea Copbapun. lNpu aHanuse JIPC u npenapamos u3 JIPC mo2ym
b6b6imb ucnonb3osaHbl TCX- u BOTCX-nnacmuHku Ha ecex nodrnoxkax ¢ YO-uHOUKamopoM, OKOHYa-
mersibHbIl 8bI60P LyenecoobpasHO MPo8oOUMb MO 3KOHOMUYECKOU cocmaensrowel unu ux éocmyr-
Hocmu. Xapakmepucmuka rnpubopos 051 HaHeCEHUsI Ppacmeopo8 xpomMamozpaMmM rokasana, 4mo
onmumaribHbIM floKasamereM rpu ebibope Mukpownpuya siensgemcs e2o obbem. [lpu cpasHeHUU
npubopos 05151 06HapyXXeHUs1 unu 2aweHusi QryopecueHyuu npousgodocmea Copbgun (Poccusi) u
Spectroline (CLLA) nokasaHo, 4Ymo kKaxObili U3 uccredyeMbix npubopos mMoxem 6bimb UCMIOMb30-
eaH 011 8bisi8rIeHUsT xpoMamozpaghuyeckux 30H. Npouseodumenes Spectroline umeem cepmudbu-
kam ka4yecmea ISO 9001:2008 u no ueHe 6oree docmyrieH, Ymo S1esiemcsi €20 npeuMyuecmeom
neped obnyyamenem Y®C-254/365 npouzsodcmea Copbgusn. Cpedu npubopos 0518 OrnpbICKU-
g8aHuUs xpomamoepamMm yOOOHY KOHCMPYKYU U nodxo0sawul obbem umerom ryrnbeepu3amopbl
GGB (CLLIA), Ho no cmoumocmu OHU 3Ha4uUmernbHO Oopoxe rnyrnbeepudamopos Copbgpurn (Poccus).
OKoH4YamersibHbIl 8b160p UernecoobpasHo Mpoeodumse Mo SKOHOMUYECKOU cocmasssoued.
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The article is devoted to peculiarities of risk management in pharmacy. The sources and objects of
the risk with their division into internal and external ones have been studied. For each of the risk fac-
tors those components of the organization being affected at first have been defined. Therefore, the
internal factors include the level of management, the stage of the life cycle of the organization, its
financial condition, production and innovation potential, the quality management system, etc. The ex-
ternal factors include the impact of public health policies, domestic and international law, the political
and economic situation in the country, etc. The data of literature regarding methods of risk manage-
ment has been summarized. The methods, which are proposed for use in risk management, have
been determined. Thus, the most common version of the classification, which is the most appropriate
for practice activity, includes evasion, dispersion, compensation and location. In our opinion, limitation
as a way to manage certain forms of risk should be added.

Risk management is aimed at reducing the level of
losses associated with economic risks. Methods and
measures for prevention and management of unexpect-
ed situations are based on the results of planning and
economic activities of the organization, determination
and risk assessment, economic analysis of the potential,
the internal and external environment of the enterprise,
the current legislation. Therefore, risks are an integral
part of the enterprise’s strategy, and they deserve spe-
cial attention for study [2-8].

In view of the aforesaid the aim of our study is the
peculiarities of risk management in pharmacy.

Materials and Methods

The objects of the research are theoretical and me-
thodological principles of risk management in the phar-
maceutical branch. General scientific and special methods
of the system analysis and the analytical method were
used in our work.

Results and Discussion

All the factors determining the level of risk are usu-
ally divided into two groups — objective (external) and
subjective (internal) ones [2, 9, 10]. Objective factors
are not connected directly with a particular enterprise.
Subjective factors directly characterize the company.
These groups of factors are closely related and interact
with one another. For risk assessment and decision-
making it is necessary to have full information regard-
ing the internal and external environment and risk car-
riers. According to the abovementioned the analysis,
which allows obtaining information about the sources
of risk, conducting their identification and classifying

them by the degree of impact, is carried out. The sourc-
es of risks associated with the activity of pharmaceuti-
cal organizations are shown in Fig. 1.

Each of these factors has a specific influence on the
organization, refers to different areas and has different
frequency of manifestations, and most importantly — dif-
ferent degrees of impact. The following table discloses
the relationship of risk sources and objects which are
under their influence (Table).

In real business situations various ways of risk ma-
nagement affecting all directions of activity of the com-
pany can be used. Despite the large number of publica-
tions on this problem there is no unified approach to the
classification of methods of risk management among ex-
perts [2, 3, 4, 6, 7, 11-17]. One of the variant that are
used in business practice is division of risk management
methods into four types: avoidance, minimization, diver-
sification, and limitation. Another variant of the clas-
sification includes the following kinds: evasion, dissi-
pation, compensation and localization. In our opinion,
it is advisable to use the second variant, but also to in-
clude the method of limitation, which comprises setting
the maximum volume of commercial transactions per
a counterparty, the maximum size of stocks, the maxi-
mum time limit or loan amount provided to the coun-
terparty, the maximum amount of the borrowed funds.
This addition is because the aforementioned method
is widely used by pharmaceutical companies as a cri-
sis management measure. The most common methods
used in pharmaceutical organizations are presented in
Fig. 2.
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METHODS OF RISK MANAGEMENT

Fig. 1. The sources of key risks.
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Methods of risk management.
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Table

Typical risk sources and objects for a pharmaceutical organization

Typical sources of risk

| The object of the risk impact

Internal factors

The production potential

Performance indicators; assets; resources; terms and schedule; ecology

Personnel

Organization resources; quality of products; standards of the customer
service; terms and schedule; reputation

Intellectual capital

Income, performance; the level of introduction of new technologies; the
product policy; reputation

Finances

Income, profit, the property status, costs, staff; terms and schedule, success-
ful management performance (survival, effectiveness); solvency; resources

The stage of the life cycle of the organiza-
tion, technologies, products or services

Financial and economic indicators, income; costs

Logistic system

Costs, the customer service standards, reputation, commercial secret

Information systems

The stability and efficiency of the subsystems of the organization;
intangible assets (reputation)

The level of management

Quality of products and services; performance management; professional
liability

Innovations

Profit, performance, intangible assets (reputation); ecology

External factors

The level of incomes

Income; the assortment and product policy; the pricing policy

The level of solvency patients, pharma-
cies, distributors, healthcare facilities and
other healthcare institutions

Income; the assortment and product policy; the pricing policy

The economic situation of the country,
region

Gains; income; expenditure (for activities); staff; performance; solvency of
the organization; resources

The level of bureaucracy and corruption

Gains; successful management indicators (existence and survival)

Legislation

Profit; costs; staff; resources; indicators of economic performance;
successful management indicators (existence and survival)

International law

Gains; expenditure (for activities); staff; the product policy; the pricing
policy; the manufacturing and innovative potential of the organization

The political situation

Gains; expenditure (for activities); performance management success
(survival)

The quality of suppliers’ work

The production subsystem of the organization; the logistic subsystem
organization; intangible assets (reputation)

The potential of bank system

The innovation potential; solvency of the organization; costs; indicators of
economic performance; successful performance management

The state policy in the field of Health and
Social Welfare

Gains; successful performance management (effectiveness)

The level of competition

Gains; indicators of economic performance; successful performance
management (effectiveness)

Social and cultural factors

Income; the product and assortment policy

The formation of labour resources, their
number and quality of training

Gains; the innovation potential; the intellectual capital; indicators of eco-
nomic performance; successful performance management (effectiveness);
intangible assets (reputation)

The technological structure of the country

Innovation potential; indicators of economic performance

Infrastructure

Gains; staff; indicators of economic performance; successful performance
management (effectiveness)

The structure and level of morbidity

Income; the product and assortment policy

Demographic factors

Income; the product and assortment policy

The natural environment

The assets; resources; performance; ecology

Risk management can be carried out on the basis of

be developed. The above methods of risk management

specially created programmes. After identifying nega-
tive trends and factors a complex of measures that are
used for correction of the business unit activity should

are the basis for formation of this complex. The final step
is to compare the results of risk management with pre-
dicted indicators, i.e. controlling of risk management.
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CONCLUSIONS

Summarizing the data the conclusion can be made
that the system ensuring stability of the organization exi-
stence in difficult market conditions should have such
component as risk management within its general struc-
ture.

The key conclusions:

1. The structure of sources of risk for a pharmaceu-
tical organization with their division to internal and ex-
ternal ones has been created.

2. The relationship of risk sources and objects (com-
ponents and indicators of the organization’s activity)
being under their influence has been shown.

Further refinement of the list of objects is the basis
for development of risk management standards in the
pharmaceutical business.

3. The literature data regarding the methods of risk
management have been summarized. Methods of risk
management for a pharmaceutical company have been
determined.
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BMBYEHHS NIAXOAIB A0 YNPABIIHHA PU3UKOM Y ®APMALLT

O.M.€emyweHko

Knroyosi cnoea: pusuk-meHedxmeHm; Oxxepena pu3uky; 06’ekmu enusy pusuky; hapmauyesmuyHi
opeaHizauji

Cmammio npucesHeHo ocobrnueocmsm pusuk-meHedxmeHmy y chapmadii. [JocnidxeHi Oxepena ma
06°ekmu 8rinusy pusuKy 3 po3rnodisiomM ix Ha 8HympiluHi ma 308HiWHI. 151 KOXXKHO20 3 pU3UKOYymeop\to-
gasilbHUX thakmopie 8i00KpeMIIeHi mi MoKa3HUKU ma ckrnadoesi opaaHisauil, wo nidnadaroms nid ernniue
y nepuwly yepay. Tak, 00 6HympiwHix ¢hakmopig 8iOHOCAMb pieeHb MEHeXMeHMY, emarl XUmmego20
YUKy opeaaHisauil, if piHaHcosul cmaH, supobHUYUl ma iHHo8auiliIHUl rnomeHuiarn, cucmemy yrpas-
JIIHHS IKicmo mowo. [Jo 308HIWHix ghakmopig 8idHOCsMb 8riug depxasHoi MNoslimuKuU 8 2asy3i 0xo-
POHU 300p08’s, BIMYU3HAHE ma MiXXHapOOHe 3aKoHO0asCcmeo, rMosliMmuYHUl ma eKOHOMIYHUU cmaH
KpaiHu mouwjo. Y3azarnbHeHi daHi nimepamypu 8i0HOCHO Memodig yrpasriiHHs pu3ukamu. BusHadeHi
Memoou, Wo nPOonoHymMbcsi 0711 BUKOPUCMAaHHS 8 cucmeMi yrpasniHHs pusukamu ¢hapmayesmud-
HoI opeaHi3auii. Tak, Haldacmiwe 3ycmpidyaembcs i € 6inbw adekeamHuUM 00 npakmuy4Hoi Oisirib-
Hocmi eapiaHm Kracugpikauji, SKuli 6KroYae: yxuneHHsl, ducunauiio, KOMneHcauito ma siokarnizaujio
ma 00 sikoeo, Ha Haw rnoassid, cnid ofamu niMimyeaHHs1 1K IHeCmpyMeHm, wo 00380715€ yripasnismu
nesHUMU chopmamu PU3UKy.
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MU3YYEHUE NOAXOO0B K YNPABNEHUIO PUCKOM B ®APMALIUU

E.H.EemyweHko

Knroveenle criosa: puck-MeHedXXMeHM; UCMOYHUKU pucKka; 06beKmbl 8rUsHUS pucka;
hapmayesmuyeckue opeaHu3ayuu

Cmambs nocesiujeHa 0CobeHHOCMSIM PUCK-MeHeOXXMeHmMa 8 chapmauuu. ViccriedoeaHbl UCMOYHUKU
u 06bekmabl 8030elicmausi pucka ¢ pacrpederieHUeM Ux Ha 8HympeHHUe U eHewHue. [ns kaxdozo
u3 puckoobpasyrouux hakmopos 8bidenieHbl me cocmaesnsruue opaaHu3ayuu, Komopbie nodeep-
2aromcs 8/UsIHUIO 8 rnepsyto o4epedb. Tak, K 8HympeHHUM hakmopam OMmHOCSM ypogeHb MeHeO-
JKMeHma, amari XXU3HEeHHO20 UYUKJia op2aHu3ayuu, ee ghuHaHCcoB80€e COCMOsIHUE, MPouU3800CMEEHHbIU
U UHHOBaUUOHHbIU MomeHuyuari, cucmeMy yrpasneHusi kaiecmeom u op. K eHewHUM ¢hakmopam om-
Hocsim enusiHue 2ocydapcmeeHHOU rnonnumuku 8 obrnacmu 30pasooxpaHeHUsl, 0me4ecmeeHHoe U
Mex0yHapoOHOe 3aKoHOOameribCmeo, MOoAUMUYECKoe U 9KOHOMUYECKOE MOIOXEeHUe cmpaHbl U m. 1.
O606uieHb! daHHbIe rumepamypbl OMHocUMesbHO Memodoes yripasneHus puckamu. OnpedenieHb! Me-
moOdkl, npednasaembie 07151 UCMOIb308aHUS 8 cuCmMeMe yrnpas/ieHusl puckamu ghapmayesmuyeckol
opeaHusayuu. Tak, Jyauwe ecee2o scmpedaemcs U sienssemcs Haubornee adekeamHbiM OIS fpaKmu-
Yyeckol desimeribHOCMU makoU 8apuaHm Kraccugukauyuu, Komopabll 8krodyaem 6 cebsi yKIIoHeHue,
pacceusaHue, KOMeHcayUo U JIoKanusauur, U K Komopomy, Ha Haw 8325150, criedyem dobasumb
nuMumuposaHue Kak UHCmpyMeHm, Mo3eonsiowull yrnpaesnsame orpedeneHHbIMU ¢hopmamMu pUCKa.
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The marketing research of antidiabetic drugs presented at the pharmaceutical market of Ukraine has
been conducted. The product range of the group of antidiabetic drugs has been studied according
to the ATC classification, manufacturing countries and dosage forms. According to the results of the
analysis 49 drugs based on insulin and its analogues for injection, and 157 oral hypoglycemic drugs
have been characterized. It is noted that insulins are unevenly divided by the duration of action. Most
insulin drugs are presented by human insulin. Oral hypoglycemic drugs are characterized by a high
saturation within subgroups. Drugs of aldose reductase inhibitors (Isodibut under the trade name
Isodibut®) and other medicines, including 8 herbal medicines, are also used for treatment of diabetes.
It has been found that 68% of antidiabetic drugs are imported from 21 countries of the Eurasian
and South American continents. India occupies the leading positions. A wide range of antidiabetic
drugs is presented by Germany, Poland, France, Denmark and Italy. The range of domestic drugs
for treating diabetes is formed by 12 manufacturers. Domestic manufacturers offer only generic
replacement of some active substances. At the pharmaceutical market of Ukraine antidiabetic drugs
are available in the form of tablets, granules, powders, solutions and suspensions for injection. The
research performed has shown that the market of antidiabetic drugs is characterized by heterogeneity
of product groups, high concentration and monopolization of production, low competition and a small

share of production of drugs attributable to domestic producers.

Diabetes is recognized as infectious epidemic of the
XXI-th century, it takes the third place of the world’s pre-
valence after cancer and cardiovascular diseases. The num-
ber and prevalence of people with diabetes is increas-
ing rapidly. According to the International Diabetes Fe-
deration (IDF) in 2013 about 381.8 million people in the
world had diabetes, and till 2035 this index will increase
by 55% up to 591.9 million [6]. Recent data indicate
that people in the countries with low and middle income
represent the largest share of the epidemic (80%), and
this disease affects much more people of the working age
than previously thought. The largest number of people
with diabetes is of the age from 40 to 59 years. According
to the WHO data, two new cases of diabetes are diagnosed
every six seconds, and one person dies because of its
complications [8, 11]. In 2013, diabetes caused about
5.1 million of deaths [12]. According to the WHO in 2030
diabetes will be the seventh leading cause of death [9, 13].

According to the Ministry of Public Health of Ukraine
in 2013 the number of patients with diabetes was over
1.3 million people, 212 134 of them require daily injec-
tions of insulin [2]. Increase in prevalence of diabetes
in Ukraine reached 26% in the last 5 years [5]. A signifi-
cant growth in the number of new registered cases of
diabetes (primary disease) of the Ukrainian population
is also observed: from 194.8 per 100 thousand of the
population in 2005 to 249.8 in 2010, i.e. 23.7% within
last 5 years. However, the number of patients is increas-
ing mainly due to diabetes mellitus type 2 [4].

In connection with the abovementioned our country
intensively searches not only more effective methods of

diagnosis and treatment, but also more perfect organi-
zational methods of treatment. It creates the opportuni-
ty to reduce the incidence of adverse long-term compli-
cations on the basis of improving detection of diabetic
patients. Nowadays, one of these activities being of a
special attention is the rational use of modern methods
of treatment and extension of the range of antidiabetic
drugs [15].

Materials and Methods

The aim of this study was to conduct the market-
ing analysis of the range of antidiabetic drugs presented
at the pharmaceutical market of Ukraine. The object of
the study was the information concerning the market
structure of antidiabetic drugs registered in Ukraine.
The graphical methods and analysis are used in the ar-
ticle.

To solve this goal the study of a conjuncture of do-
mestic market of antidiabetic drugs was conducted. Ac-
cording to the results of the analysis the assortment of
medicines of the Ukrainian pharmaceutical market was
described.

Results and Discussion

According to the international ATC classification
antidiabetic drugs are referred to group A “Medicines
affecting the digestive system and metabolism” and
constitute a subgroup A10 “Antidiabetic drugs” [3]. Ac-
cording to the State Register of Medicines of Ukraine
[1] it has been found that as of 01.10.2014 antidiabetic
drugs comprise 206 trade names (without regard to the
amount in the pack) among 12 745 medicines regis-
tered in Ukraine. This group includes 49 drugs based
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Fig. 1. The diagram of the ratio of antidiabetic drugs depending on the manufacturing country.

on insulin and its analogues for injection and 157 oral
hypoglycemic drugs.

Only some representatives of each ATC-group for
treating diabetes are registered at the pharmaceutical
market of Ukraine. It should be noted that insulins are
unevenly divided by the duration of action: 16 short-
acting drugs, 14 drugs of the medium duration, and only
4 long-acting insulin medicines [14]. There are also 15
combinations of insulins with a short and medium du-
ration of action for injection at the market. The over-
whelming majority of all groups of insulins are present-
ed by human insulin. Groups of insulin with a short and
medium duration of action are characterized by indi-
vidual representatives of porcine insulin (Monodar®),
insulin lispro (Humalog®) and insulin asparagine (No-
vorapid® FlexPen®). Long-acting insulins and their ana-
logues for injection are presented by 3 drugs based on
insulin glargine and one on insulin detemir (Levemir®
FlexPen®).

Oral hypoglycemic drugs are characterized by more
saturation within subgroups. There are 38 drugs based
on metformin at the Ukrainian pharmaceutical market
of biguanides. The drugs of glimepiride (about 50 names)
are the widest presented as derivatives of carbamide.
There is a sufficiently wide assortment of drugs based
on gliclazide (16 positions). Sulfonamides are presented
by 5 drugs of glibenclamide and 1 of gliquidone (Glyu-
renorm®). There are often combinations of oral hypo-
glycemic drugs [7] such as metformin and sulfonamides
(12 medicines), metformin with sitagliptin (Yanumet™)
and metformin with vildagliptin (GalvusMet®). Thiazo-
lidinediones are presented by 10 drugs on the basis of

pioglitazone. Among the inhibitors of dipeptidyl pepti-
dase-4 (dpp-4) [10] sitagliptin (Januvia™) appears three
times, there is one vildagliptin (Galvus®), and saxaglip-
tin (Ongliza) is presented twice. Other hypoglycemic
drugs, excluding insulins, also include drugs of guar
gum (Guarem), repaglinide (NovoNorm®) and liraglu-
tide (Victoza®). Drugs of aldose reductase inhibitors
(Isodibut under the trade name Isodibut®) and other
medicines, including 8 herbal medicines (based on fruits
of Saint-Mary-thistle, the valves of the bean fruit, blue-
berry shoots or the mixture of crushed medicinal plant
raw material), are also used to treat diabetes.

The results of the study of the assortment structure
of antidiabetic drugs indicate that 68% of drugs are im-
ported from 21 countries. Geography of manufacturing
countries is quite extensive and includes the countries
of the Eurasian and South American continents (Fig. 1).
India occupies the leading positions and supplies 35 drugs
of the group studied to Ukraine. A wide assortment of
antidiabetic drugs is presented by Germany (16 trade
names), Poland (16 names), France (14), Denmark (10)
and Italy (8).

Data of the analysis in Fig. 1 indicate that the share
of the Ukrainian producers of antidiabetic drugs is 32%.
However, most subgroups of antidiabetic drugs have no
domestic analogues. The range of domestic drugs for
treating diabetes is formed by 12 manufacturers.

It should be noted that in the list of drugs registered
for treatment of diabetes distribution between manu-
facturing countries differs within the group. Thus, in-
sulin and analogues for injection accounted 59.18% of
the study group range and are characterized by a small
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Fig. 2. Propositions of dosage forms of antidiabetic drugs at the pharmaceutical market of Ukraine.

number of countries. They are imported from of Den-
mark (“A/T Novo Nordisk” — 3), Poland (“Bioton S.A.” —
3), Germany (“Sanofi-Aventis Deutschland GmbH” — 3).
In addition, 3 finished medicinal products are manufac-
tured by “Sanofi-Aventis Deutschland GmbH” (Germa-
ny), and “Pharma Life” Ltd. (Lviv, Ukraine), which is
responsible for quality control and batch release, pro-
vides the secondary packaging. “Biocon Limited” (In-
dia) cooperates with “Darnitsa pharmaceutical compa-
ny” JSC and supplies 3 drugs of this group at the Ukrai-
nian market. The license holder of 2 insulin drugs ma-
nufactured by JSC “National biotechnology” (Russian
Federation) is a domestic enterprise “UkrTerra LLC”
(Kyiv, Ukraine). The Ukrainian insulin drugs and ana-
logues for injection are manufactured by: “Indar” PJISC
for production of insulin (7 drugs under such trade names
as Humodar®, Monodar®), “Farmak” OJSC (Farmasu-
lin® H — 6 drugs), “Darnitsa pharmaceutical company”
JSC (Insugen-R (Regulyar) Insugen-N (NPH), Insu-
gen-30/70 (Bifazik) — 4), Pharmaceutical company “Zdo-
rovye” Ltd. (Gensulin R-Zdorovya, Gensulin H-Zdoro-
vya and Gensulin M30-Zdorovya — 3). There are no
domestic analogues in groups of drugs containing in-
sulin lispro, insulin asparagine, insulin glargin, insulin
detemir.

Oral hypoglycemic drugs are mainly supplied at
the Ukrainian market from abroad. The largest part of
imported drugs for treatment of type 2 diabetes is of-
fered by India, these are 32 drugs. A large number of
drugs are offered by several companies from around the
world, mainly from the European region, for which a
high level of development of the pharmaceutical indus-
try is typical. Poland takes 8.28% of the market segment
of oral hypoglycemic drugs, Germany — 6.37%, Italy
and France — 5.10% each, Switzerland and Hungary —
2.55% each. The Jordanian firm “Al-Hikma Pharma-
ceuticals” PLC manufactures drugs based on glimepiri-

de (Glianov®). Drugs of metformin hydrochloride are
imported in Ukraine by the Israel manufacturer “TEVA
Pharmaceutical Industries Ltd”. Three trade names of
drugs are imported from Argentina, Luxembourg, Ko-
rea, Netherland, Slovakia, Turkey. “Galenika a.d.” sup-
plies 2 drugs from Serbia. Oral hypoglycemic drugs are
imported in Ukraine from Greece, Denmark, Slovenia,
Finland.

Along with highly effective medications the patients
are deprived of the opportunity to take other drugs since
there is a monopoly of some imported drugs. Domestic
manufacturers offer only generic replacement of some
active substance. The Ukrainian enterprises produce
only 46 drugs on the basis of metformin hydrochloride,
glibenclamide, gliclazide, glimepiride, a combination
of metformin hydrochloride and glibenclamide, piogli-
tazone, isodibut and the medicinal plant raw material.
Groups of isodibut and other drugs are formed only by
domestic producers. The domestic enterprises produc-
ing drugs of these groups are: “Farmak” OJSC, Kyiv;
“Kusum Pharm” LLC, Sumy; “Technologist” PJSC, Uman,
Cherkasy region; “Pharmex Group” LLC, Boryspil, Kyiv
region; ‘“Pharma Start” LLC, Kyiv; Pharmaceutical com-
pany “Zdorovye” Ltd., Kharkiv; “Indar” PJSC for pro-
duction of insulin, Kyiv; “Luhansk Chemical and Phar-
maceutical Plant” JSC, Luhansk; “Liktravy” PJISC, Zhito-
mir; Pharmaceutical factory “Viola” PJSC, Zaporizhzhya;
“Lubnypharm” JSC, Lubny, Poltava region.

At the pharmaceutical market of Ukraine antidia-
betic drugs are available in a variety of dosage forms
such as tablets, granules, powders, solutions and sus-
pensions for injection. A tablet form is presented by
common tablets, coated tablets, tablets with sustained
release and tablets with modified release. All insulins
and analogues for injection are produced in the form
of solutions or suspensions. The results of analysis of
the drug assortment presented in Fig. 2 indicate the dis-
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tribution of drugs by the dosage form and the route of
administration taking into account the number of pro-
posals for this form at the market.

Drugs of insulins and analogues for injection are
available in two dosage forms. The suspension for injec-
tion is 59.18% of the assortment, 40.82% is in the form
of the solution for injection. The suspension for injec-
tion is dispensed in bottles (17 positions), cartridges a
carton box (20), cartridges inserted in multi-dosage dis-
posable syringe pen (7). Among the solutions for injec-
tion 16 short-acting insulins and 4 long-acting drugs are
proposed. Most of the drugs are produced simultane-
ously in several forms of packaging: in bottles — 9 trade
names, in cartridges — 10, in cartridges built in sealed
disposable syringe pens — 5 and in syringe pens — 3.

Among the oral hypoglycemic drugs registered the
solid dosage forms quantitatively prevail: tablets con-
stitute 93.63%, granules — 1.91%, powders — 3.82%,
while the liquid dosage forms are only 0.64%. This is
due to ease of use and accuracy of dosing of tablets.
Currently, there is a clear tendency to increase the ef-
ficiency of pharmacotherapy in the treatment of type 2
diabetes. Offers of tablet hypoglycemic drugs are divi-
ded between tablets (83 drugs), coated tablets (46), tab-
lets with sustained release (6) and tablets with modified
release. Twelve names of tablets based on gliclazide are
produced with modified release of the active substance.

In a powder form there are 6 drugs based on the me-
dicinal plant raw material, including the valves of the

bean fruit, blueberry shoots, and 4 herbal teas. Granules
are presented by 3 trade names. Guarem is produced in
5 g granules in packs and 500 g containers with a measu-
ring spoon. Granules from fruits of Saint-Mary- thistle
are produced under the brand names of Silysem® and
Gipoglisil®. They are dispensed in single-dose bags,
single-dose coupled bags and in jars with a measur-
ing spoon. At the same time, hypoglycemic drugs are
produced in the form of a solution for injection. Thus,
Victoza® is offered in cartridges inserted in pre-filled
multi-dosage disposable syringe pen and in filled sy-
ringe pens in a carton box.

Thus, the studies conducted have shown that the
market of antidiabetic drugs is characterized by hetero-
geneity of the product lines, high concentration and
monopolization of manufacture, low competition and a
small share of production of domestic drugs.

CONCLUSIONS

1. The marketing research of antidiabetic drugs pre-
sented at the pharmaceutical market of Ukraine has been
conducted, and the structure of the product groups reg-
istered in Ukraine has been described.

2. The market of drugs for treating diabetes has been
characterized according to the pharmacotherapeutic groups,
manufacturing countries and dosage forms.

3. Quantitative and qualitative diversity of the cur-
rent assortment of antidiabetic drugs presented by foreign
companies and domestic manufacturers has been deter-
mined.
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AHATI3 ACOPTUMEHTY AHTUOIABETUYHUX NMPENAPATIB HA ®PAPMALIEBTUYHOMY
PUHKY YKPAIHU

O.B.Tpuey64ak

Knrouoei croea: diabem; rnikapcbKi 3acobu; acopmumMeHm, MapKemuHa08i O0CITiOXKEHHS;
ghapmauesmuyHUU PUHOK

lNposedeHi mapkemuHao8i docnidxeHHs1 aHmudiabemuy4yHUX fikapCcbKux 3acobie, npedcmasneHux
Ha ¢hapmauesmuyHoOMy PUHKY YkpaiHu. Bug4yeHo mogsapHuli acopmumeHm 2pynu aHmudliabemuy-
Hux 3acobie 32i0H0 3 ATC-knacudgikaujero, KpaiHamu 8upobHUKaMu ma rikapcbKumu ¢hopmamu. 3a
pesynbmamamu aHarnizy oxapakmepu3oeaHo 49 npenapamie Ha OCHOS8I iHCcyniHie i aHaoeie 05
iH’ekuit ma 157 nepopanbHuUx ainoanikeMiyHUX nikapcbKux 3acobie. BiOmiyeHO, Wo 3a mpusaricmio
Oil iHCcyniHuU po3rnodineHi HepieHOMIPHO. binbwicmb npenapamise iHCyrniHy npedcmasreHa iHCYTiHOM
nrodcekuM. lNepoparbHi ginoanikeMidHi nikapcbki 3acobu xapakmepu3yromaecs 6irbuWUM HaCUYEHHSIM
y mexax nidepyn. [nsa nikysaHHsI Uykpogo2o Giabemy makox eukopucmosgyroms npenapamu iHai-
6imopise anb0o3opedykmasu (i300ubym nid mop208ot Ha38ok «1300ubym®») ma iHwi 3acobu, wo
ekoyaroms 8 imonpenapamis. BecmaHosneHo, wo 68% npenapamie aHmudiabemuyHux rikap-
CbKuXx 3acobie immnopmytombcs 3 21 kpaiHu ceimy €epaasilicbkoeo ma [1ie0eHHO-AMepUKaHCbKO20
KoHmuHeHmig. Jlidupyrodi no3uuii nocidae IHOIs1. LLlupokul acopmumeHm aHmudiabemuy4Hux rnpena-
pamis npedcmaeneHo 3 HimeyyuHu, lNMonbwji, ®panuil, JaHii ma Imanii. AcopmumeHm 8imyu3HsIHUX
nikapcbKux 3acobie 0ris nikysaHHs1 UyKpogoeo diabemy cbopmyroms 12 ¢hipm-8upobHUKig. Bimyu3HsiHi
8UPOBHUKU MPOMOHYMb flUUE 2eHEPUYHI 3aMiHU desikux dito4ux peqyosuH. Ha chapmayesmuyHomy
PUHKY YKkpaiHu aHmudiabemuyHi npenapamu fnporioHytomscs y ¢popmi mabremok, epaHyri, rnopouw-
Kig, po34uHi8 ma cycrieH3iti 05151 iH’ekyili. [TposedeHi 0oCniO)eHHS rnokasarsnu, Wo pUuHoK aHmudiabe-
MUYHUX JliKkapCcbKUX 3acobie xapakmepusyembCsi HEOOHOPIOHICMIO aCoOPMUMEHMHUX 2pyrl, 8UCOKOIO
KOHUeHmpauiero i MoHororizaujero 8UpObHUUMEa, HU3bKOK KOHKYPEHUIE0 ma He3Ha4YHOK YacmKo
8UIYCKY rpenapamis, sika rnpunadae Ha 8iMYuU3HIHUX 8UPOBHUKIB.

AHAIIN3 ACCOPTUMEHTA NPOTUBOOUABETUYECKUX NMPENAPATOB

HA ®APMALEBTUYECKOM PbIHKE YKPAUHDI

O.B.Tpuay64ak

Knroveenlie criosa: duabem; nekapcmeeHHble cpedcmea; acCopmuMeHm; MapKemuHa08bIe
uccriedosaHusi; hapmauesmu4eckull PpbIHOK

lNposedeHbl MapkemuHao8ble uccriedosaHusi rnpomueoouabemuyecKux /1eKkapcmeeHHbIX cpedcms,
rnpedcmasneHHbIX Ha hapMaye8muyeCcKkOM pbIHKe YKpauHbl. YI3ydeH moeapHbIl accopmumMeHm
epynrbi npomusoduabemudeckux cpedcme coenacHo ATC-knaccughukayuu, cmpaH-rnpousgodumernel
u nekapcmeeHHbIx ¢hopm. 1o pedynbmamam aHanusa oxapakmepu3osaHo 49 npenapamos Ha oc-
HO8€e UHCynuHa u aHaio208 07151 UHbekyul u 157 nepoparnbHbix npomugoduabemuyecKux fekap-
cmeeHHbIx cpedcms. OmmedyeHo, Ymo o npPodomKuMmebHocmu 0elicmausi UHCYUHbI pa30eneHbl
HepasHOMepHO. borbwuHCMeo npenapamos UHCynuHa npedcmaeneHbl UHCYTUHOM YerI0864€CKUM.
lMepoparbHbie sunoznukeMuyeckue fiekapcmeeHHble cpedcmea xapakmepusytomesi 60mbwWuM Ha-
cbiweHueM 8 npedenax nodepynn. [na nedyeHusi caxapHoao duabema makxe Ucnonb3yrom rpena-
pambi uH2ubumopos anb0030pedykma3sbl (M300ubym nod mopaosbiM HazgaHuem «M300ubym®»)
u dpyeue cpedcmea, skoHaouwue 8 coumonpenapamos. YcmaHoeneHo, ymo 68% npenapamos
rnpomuegoduabemuyecKux 5ieKapCmeeHHbIx cpedcmea umnopmupyromces u3 21 cmpaHbl Mupa Eepa-
3ulickoeo u K020-AmepukaHCKO20 KOHmMUHeHmMos. Jludupyrowue nosuyuu 3aHumaem VHous. LLlupokud
accopmumeHm ripomusoduabemudeckux npernapamos ripedcmaeneH u3 epmaruu, Monbwu, ®paH-
uyuu, anuu u Umanuu. AccopmumeHm omeqyecmeeHHbIX fieKapCmeeHHbIX cpedcmea O nedeHusi
caxapHozao duabema cpopmupyrom 12 chbupm-ripoudsodumeneli. OmedyecmeeHHble rnpou3gooumenu
rpednazarom moJibKO 2eHepUHECKUE 3aMeHbl HEKOMOpPbIx Oelicmeyrowux sewecms. Ha ¢papmaues-
mu4ecKoM pbiHKe YkpauHbl npomugoduabemudeckue npenapamsi npednazaromcs 8 popme ma-
651emMOK, epaHyri, MOPOWKO8, pacmeopos u cycreH3ul 0151 uHbekuul. [NposedeHHbIe uccriedosaHust
rokasaru, 4Ymo PbIHOK npomusoduabemuy4ecKux fiekapcmeeHHbIX cpedcmea xapakmepusyemcsl He-
O0OHOPOOHOCMbBIK acCoOPMUMEHMHbIX 2Py, 8bICOKOU KOHUeHmpayuel u MoHoronu3dayued rnpous-
godcmea, HU3KOU KOHKypeHuyuel u He3HadumesbHol Qornel 8birycKka rpernapamos, rnpuxodsuwedcs
Ha ome4YecmeeHHbIX rpou3sodumerned.
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In accordance with the requirements of good manufacturing practices a proper keeping of documen-
tation in compounding pharmacies licensed to prepare medicines should be an integral part of the
quality assurance system and be a key element at all stages of preparation and quality control of
compounding preparations. One of the important elements of proper documentation is the practice of
using standard operating procedures (SOPs). The aim of this article is to describe the methodology of
the SOP developing for licensed compounding pharmacies. Standard procedures should be developed
according to the current requlatory framework and research. SOPs are developed by the staff involved
in introduction of this procedure. SOPs should be reviewed by responsible persons and approved
by the head. The following SOP structural elements have been identified: the title page (the name of
institution, the name of the SOP, the classification number, the SOP version, the date on which the
SOP enters into force, the signature of the responsible person); the goal; the scope of application;
responsibility; stages of the procedure; revision (the term when the SOPs should be reviewed). The
organizational structure of the quality assurance system is proposed for the SOP systematization:
quality assurance, personnel, facilities and equipment, documentation, technology of preparation,
quality control, carrying out works under the contract, complaints and recall, self-inspection. For each
of the sections it has been proposed to develop SOPs focused on ensuring compliance with the

procedure and to provide the quality aspect, which is the subject in this section.

According to the GPP requirements a good docu-
mentation in compounding pharmacies is an integral part
of the quality assurance system and is a key element at
all stages of preparation and quality control of compound-
ing preparations (CP) [1, 2, 6, 13]. The purpose of ex-
istence and introduction of a good documentation must
be determination, management, control and recording
of all activities that may directly or indirectly affect all
aspects of the CP quality [6]. The important element
of a good documentation is the practice of using stan-
dard operating procedures (SOPs). The development of
SOPs provides the requirements for preparation of the
CP[1, 2], but it is not widely introduced into practice of
compounding pharmacies of Ukraine.

According to the international experience in GPP
introduction SOPs and working instructions should be
developed for works and services carried out and avail-
able in compounding pharmacies, and which may af-
fect the quality of public service and CP [7-10]. The spe-
cial attention is paid to development of step-by-step pro-
cedures of compounding, quality control, labeling, sto-
rage of the CP, cleaning, disinfection, qualifications and
operation with the equipment, etc. [10, 11]. The necessi-
ty of the SOP development and introduction in the com-
pounding pharmacies of Ukraine has been confirmed
by the results of the survey [5, 14].

The introduction of SOPs has a number of advan-
tages. It helps to understand the process better, to op-
timize the working time and avoid additional unneces-
sary actions; to define duties of each employee and make
sure that every employee knows them; to allow coordi-

nating the implementation and sequence of the various
stages of work, it provides proper execution of proce-
dures at all stages of preparation, quality control, patient
care, etc. SOPs can be also used as an educational tool
for temporary workers, part-time workers, as the mate-
rial for training of new employees, interns, and trainees.
The SOP complex introduction should provide quality
of the final product, confidence and coordination of op-
erations. The SOP may contain additional information
that is necessary for the self-inspection or audit. Standar-
dization of the in-house quality control procedures re-
quires the special attention [5, 14]. In the work [4] some
aspects of the SOP development for retail pharmacies
are given, approaches for development of the structure,
the content and registration are discussed, as well as
the list of typical SOPs is formed. For compounding
pharmacies of Ukraine the question of the SOP deve-
lopment has been insufficiently studied; therefore, the
additional studies are important.

The aim of this article is to describe the methodo-
logy of the SOP developing for licensed compounding
pharmacies of Ukraine.

Materials and Methods

The study was performed using modern literature
sources, the regulatory framework of Ukraine, data of
pharmacopoeias and materials of own research. The me-
thods of analysis, synthesis and data compilation were
used in the work.

Results and Discussion

SOP development. While writing the SOP the author
should use the current regulatory framework (Laws of
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Table
The list of typical SOPs for compounding pharmacies

Name of the section

Examples and subjects of SOPs

Quality assurance

General procedures; the main stages of organizing the quality assurance system and good
pharmaceutical practice, quality control; administrative responsibilities; writing the SOPs

Staff recruitment; training; administrative responsibilities; the order to provide information to

Personnel the public; consultations of physicians; CP dispensing; occupational hygiene

The care procedure in terms of compounding, quality control, storage of CP; cleaning; registra-
Facilities and tion of temperature and humidity in the premises; compliance with the sanitary and epidemio-
equipment logical requirements; purchase, maintenance, cleaning of the equipment; provision of analyti-

cal equipment operation

Documentation

The procedure for filling and storage of documentation

Technology of

reparation . . .
prep order of actions in emergencies

Preparation of active substances and excipients; compounding operations; obtaining of puri-
fied water; preparation of glassware, material for closure; storage; packaging, labeling; the

Quality control

The procedure for the in-house quality control; weighing on an analytical balance; potentio-
metric determination of pH®; acid-base titration using the colour indicator solution, etc.

Carrying out works

under the contract sampling and transport

Contract signing; repair works; external audit; quality control in an independent laboratory;

Complaints and recall

Storage of the raw material; managing customer complaints, conflict resolution; side effects of CP

Self-inspection

The procedure for self-inspection; the SOP review procedure; compliance with the require-
ments of SOPs; assessment of the premises and equipment

Ukraine, orders of the Ministry of Public Health, and
requirements of the State Pharmacopoeia of Ukraine),
the literature (scientific publications, reference books),
manuals for equipment and take into account the ex-
perience of the personnel involved in performance of
this procedure. The SOP content should be unambigu-
ous for understanding; it should not contain false and
unnecessary information.

According to the modern recommendations for the
SOP development an author must answer six questions:
“Who?”, “What?”, “When?”, “Where?”, “Why?”, “How?”
[11]. In order to answer to the question “Who?” it is
necessary to write the name of the person who is re-
sponsible for performing the procedure itself or for the
procedure’s control; “What?”” — describe briefly the pro-
cedure to be performed and the resources required; “When?” —
determine the timing of the procedure; “Where?” — give
the department’s name, premises, in which the procedure
should be carried out; “Why?” — give the aim of the pro-
cedure; “How?” — describe the order / sequence of per-
forming the task. After receiving the answers to these
six questions, the document shall be filled according to
the SOP format.

The SOPs developed must be signed by responsible per-
sons of the compounding pharmacy and approved by the
legal entity or individual entrepreneur. The SOPs should
be developed for each workplace depending on the duties
performed by employees of the pharmacy. Since the pro-
duction capabilities of various pharmacies are different,
the content of the SOPs can not be the same for all phar-
macies. The mandatory list of the SOPs must be designed
for each compounding pharmacy. It is advisable to give the
content of SOPs in the form of tables and/or algorithms.

SOP approval. The written SOPs must be revised.
A staff member who was not involved in writing the

SOPs should be appointed to review the SOPs. During
the SOPs review some questions should be asked: “Have
the following six questions (who, what, when, where,
why, how) been answered? Are there any restrictions to
use the SOP? Has there been something missed?”” After
the final review the SOP must be approved and signed
specifying the date.

All SOPs developed must be registered in the log-
book [4] where the SOP name, the registration number,
version, the name (position) of the person who devel-
oped the SOPs, the name (position) of the person who
approved the SOPs, the number of the SOP copies, the
place of storage should be noted.

Revision. It is necessary annually to review the rele-
vance of the SOP content, steps/procedures, equipment,
etc. If the data is outdated, SOPs should be updated.
The SOPs should be also reviewed by employees who
directly perform the appropriate procedure, but not by
the responsible person developed this SOP. The revised
SOPs must be recorded in the SOP registration logbook.

Today there is no form legally approved for SOPs
in Ukraine, therefore, each compounding pharmacy can
develop SOPs in its own way. However, a certain for-
mat and structure of the SOP should be followed [3, 9].
The mandatory SOPs elements are: the title (name of the
institution, the name of the SOP, ID number, the version
of the SOP, the date of the SOP approving, the signature
of the responsible person); the goal; the scope; the re-
sponsibility (who performs and who is responsible for the
execution, who is responsible for admission of the staff to
perform this procedure, and who has the right to replace
the employee to perform the procedure); the stages of the
procedure; review (valid date, date of review).

Additional information may include the data about
the version of the SOPs (developed first, updated, re-



58 BICHWK ®APMALLIT 3(83)2015

ISSN 1562-7241

placement of the old SOPs); reference (in the reference
books, regulatory and normative documents, etc.); term
definitions; materials and equipment; safety. These data
can be distinguished as the individual structural ele-
ments [12].

SOP systematization. It is appropriate to use the or-
ganizational structure of the quality assurance system
for the SOP systematization in compounding pharma-
cies of Ukraine. This structure is given in the guideline
for preparation of medicines in healthcare institutions

[13, 14]. It is proposed to develop SOPs for each sec-
tion. The list of typical SOPs for the quality assurance
system in compounding pharmacies is given in Table.

CONCLUSIONS

This article presents the methodology of the SOP
development for compounding pharmacies of Ukraine.
The algorithm of development, approval and revision
procedures of SOPs, the structure and the content of a
typical SOP, as well as the systematization system have
been proposed.
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PO3POBKA CTAHOAPTHUX ONEPALIMHUX NPOLIEQYP TA iX BIPOBADKEHHS

Y BUPOBHUYUX AMTEKAX
0.A.30dopuk

Knroyosi cioea: cmaHdapmHa onepaujiltiHa rpouedypa; fnikapchbKi 3acobu arnme4Ho20
8U20moerieHHs1; 3abesneyeHHs1 SKocmi NikapcbKux 3acobie

BidrnogidHo do 8uMOz HanexxHol aUpPO6HUYOI MpakmMuUKU HanexHe eedeHHs1 OOKyMeHmauii y anmekax,
W0 Marome JliUeH3ir0 Ha 8U20MOBIIeHHS TiKapCbKUX 3acobig, Mae crmaHo8umu Heegid’eMHy YacmuHy
cucmemu 3abesrneqyeHHsT SKocmi ma 6ymu Kr4o8UM efleMeHMOoM Ha 8Cix cmadisx eU20moeeHHSs
ma KOHMPOIIo IKOCMi eKcmeMnoparnbHUX fikapcbkux 3acobie. OOHUM 3 8axusux efieMeHmig Ha-
JIeXXKHOo20 8edeHHsT doKyMeHmaUii € npakmuka eUKopucmaHHs1 cmaHdapmHux oriepauyitiHux rpouye-
oyp (COf). Memoro daHoi pobomu € suknad memoodosnoeii po3pobku COIl1 0nss anmek, wo mMarome
NiUeH3ito Ha 8U20MOBIIeHHS JlikapCcbKux 3acobigs. CmaHOapmHi npouedypu Marome po3pobrsamucs 3
ypaxyeaHHSIM Cy4acHOI HOpMamueHoi ba3u ma Haykogux O0C/iOXeHb epCoHaioM, KUl 3any4eHul
00 suKkoHaHHSs OaHoi npoyedypu. COl maromb 6ymu npopeyeH308aHi 8idrnogidanbHUMU ocobamu ma
3ameepOxeHi kepisHUkoM. BudineHi HacmynHi cmpykmypHi enemeHmu COll: mumyn (Ha3ea ycma-
Hosu, Hazsa COIl, knacudgpikauitiHuli Homep, eepcis COll, 0ama, 3 skoi COl Habysaromb YUHHOCMI,
nidnuc eidnoesidanbHoi ocobu); Mema; cghepa 3acmocysaHHsI; 8idrnosidansHicmb, cmadil npouedypu;
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nepeensd (mepmiH Oil, konu COIlN marome 6ymu nepeeansHymi). ns cucmemamu3auii COI 3anpo-
MMOHOBAHO 8UKOPUCMOBY8amu opaaHi3auitiHy cmpykmypy cucmemu 3abe3rneqyeHHs1 sKocmi: 3abesre-
YeHHS1 IKOCMi, nepcoHarl, npuMiweHHs1 ma obnadHaHHS, OOKyMeHmau,isi, mexHoroaisi U20moerieH-
Hs1, KOHMPOJIb SKOCMI, IPogedeHHs pobim 3a KOHMpPaKMmMoM, ckapau ma 8iOKIUKaHHS, CaMOIHCHEKUs.
Lnsa koxHoz0 3 po3dinie npornoHyemscsi po3pobnsmu CO[l, opieHmoesaHi Ha 3abe3rneqyeHHs BUKOHaH-
Hs1 miel npouedypu i 3abe3nedeHHs1 mo2o acriekmy sKocmi, SKOMy ripucessdyeHo yel po30ir.

PA3PABOTKA CTAHOAPTHbIX ONMEPALUUOHHBLIX MPOLEAYP U UX BHEOPEHUE

B MPOU3BOACTBEHHbLIX ANTEKAX

A.A.3d0puk

Knroyeenle croea: cmaHOapmHasi ornepayuoHHasi npouedypa; 1ekapcmeeHHble cpedcmea
arnmeyYyHo20 NpuaomossieHusi; obecriedeHuUe Kayecmeaa fiekapcmeeHHbIX cpedcme

B coomeemcmeuu ¢ mpebosaHusmu Hadnexauwied rnpou3sodcmeeHHOU npakmuku, Hadnexauee
gedeHue OOKyMeHmayuu 8 arnmekax, UMeroLUX JTUYEH3UI0 Ha MPpU20moerieHUe JiekapCcmeeHHbIX cpedcms,
O0MKHO cocmassisimb HeOMbEMIIEMYIO Yacmb cucmeMbl obecriedeHusi kKadecmea U 6bimb KITHo4eabIM
371IEMEHMOM Ha 8cex cmadusix nNpuU20moeseHusi U KOHMPOJIsl Kadecmea SKCmeMropasibHbIX JieKap-
cmeeHHbIx cpedcma. OOHUM U3 8aXKHbIX 351IeMEHMo8 Hadrexauwieao 8edeHuUs1 O0KyMeHmauuu sierisi-
emcs rnpakmuka ucrnosib308aHusi cmaHOapmHbIx orepayuoHHbIx npouedyp (COrI). Llensto daHHOU
pabomel sensiemcs usnoxeHue memodosnoauu paspabomku COI dns anmek, uMerwux MUUEH3U0
Ha npuzomoerieHue fiekapcmeeHHbIx cpedcms. CmaHdapmHbie npouedypbi O0mMKHbI pa3pabamesi-
8ambCsi C y4emomM cospeMeHHOU HopMamueHoU 6a3bi U Hay4YHbIX uccredoeaHull nepcoHasrioM, Ko-
mopbili 808/1€4€EH 8 8biNosIHeHUe daHHoU rpoyedypbl. COl omkHbI 6bimb MPopeyeH3upo8aHbl Om-
8emcmeeHHbIMU SluyamMu U ymeepxxoeHbl pykogodumernem. BbideneHbl credyrouue cmpyKmypHble
anemeHmsbi COlN: mumynebHas cmpaHuya (HasgaHue yupexoeHusi, HazgaHue COIl, knaccugukayu-
OHHbIU HoMmep, gepcusi COl, dama, ¢ komopout COIl ecmynaem & cusy, nodnucs 0M8emcmeeHHo-
20 nuya); yesnb; cghepa NpuMeHEeHUs; 0meemcmeeHHOCMb, cmaduu npouedypsbl; nepecmomp (CPoK
Odeticmesusi, koeda COI dormxHbl 6bimb nepecmompensbl). [ns cucmemamu3dayuu COIl npednoxeHo
ucrosib308ame opaaHu3alyUOHHYI0 CMPyKmMypy cucmembl obecredeHuUs: kadecmea: obecrieyeHue Ka-
yecmea, rnepcoHarl, nomeweHue u obopydosaHue, OOKyMeHmMauyus, mexHos10aus npueomossieHusl,
KOHMpOJib Kayecmea, rposedeHue pabom o KoHmpaxkmy, xasfaobbl U 0M3bI8bl, CaMOUHCHEKYUs. s
kaxdoe2o u3 pasderos ripednazaemcs paspabamsisamb COl, opueHmuposaHHbIe Ha obecrieyeHue
8bIMorIHeHUs1 mou rpouedypsbi u obecriedeHuUe Moo acrekma Kadecmea, KomopoMy MOCesU,eH 3mMom
pasoern.
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pregnancy diagnosing

To diagnose pregnancy means to ascertain the fact of pregnancy and its duration. Timely and accurate
diagnosis of pregnancy and determination of its term are needed to prevent complications, premature
birth and prolongation. There are several kinds of tests for pregnancy at the market such as conventional
test strips, tablets, midstream sticks and electronic tests. Medical products for diagnosis of pregnancy are
widely popular among women because of their high efficiency and reliability of the results. The leaders
among manufacturing countries are Canada, Germany and the USA. It has been found that there are
tests with different sensitivity of 30, 25, 20 and 10 Mme/ml. The least sensitive are simple strips (20-
156 mIU/ml), and midstream sticks have the highest sensitivity (10 mlU/mL). The analysis of sensitivity
indicators of tests has been conducted using of the standards WHO IS 75/537 and IRP 75/537. It has
been found that such tests as Sezam, HomeTest and ULTRA, which can be used on the 7th day after

fertilization, have the highest sensitivity.

According to the Ministry of Public Health, Ukraine
ranks the fifth place by population among the European
countries and the second place among the CIS countries.
But, unfortunately, a deplorable fact is that for over 20 years
in Ukraine the annual number of deaths exceeds the num-
ber of births [4]. Therefore, there is an urgent need for
early diagnosis of pregnancys; it allows to follow specific
recommendations for its preservation, appropriate correc-
tion of the life plans of future parents; diet, work, sexual
activity and other aspects of the life of a pregnant woman.

To diagnose pregnancy means to ascertain the fact
of pregnancy and its duration. Timely and accurate di-
agnosis of pregnancy and determination of its term are
needed to prevent complications, premature birth and
prolongation. In addition, early diagnosis of pregnancy
can eliminate the influence of harmful factors in the
first weeks of pregnancy [7].

Today, there is a number of methods for diagnosis
of pregnancy used both in hospitals and at home. These
methods differ in a number of features, higher or lower
specificity and reliability. Pregnancy tests are the most
widely used.

A pregnancy test is a rapid qualitative immunochro-
matographic test to determine human chorionic gonado-
tropin (hCQG) in urine samples [5, 6]. Human chorionic
gonadotropin is a glycoprotein hormone produced from
the first hours of pregnancy [6, 9]. The analysis of the
literature data shows that in the normal course of preg-
nancy hCG is found in the urine soon after conception
and reaches the level of 5-50 mIU/ml during the first week
of pregnancy [8, 11]. Over the next 10 weeks the level of
its concentration increases rapidly and reaches 100000-
200000 mIU/ml at the end of the first trimester. The pre-
sence of hCG in the urine soon after conception and
the rapid increase in its concentration is an indicator of
pregnancy [1, 2]. It is known that in women with early
terms of pregnancy the hCG level is approximately the

same, and it is this fact that makes it an ideal marker for
quick and accurate determination of pregnancy [9, 10].

There are several kinds of tests for pregnancy at the
market such as conventional test strips, tablets, midstream
sticks and electronic tests.

Test strips are required to be immersed in a con-
tainer with the urine, so some inconvenience of their
use is the need to use a separate container for collection
of the urine, as well as there is the probability of an er-
roneous test result.

Tablet tests are a plastic box with two holes. In one
of them a few drops of urine are put (for this purpose a
pack contains a pipette), the second hole is for observing
results. Their drawback is also the need for additional
container for collection of the urine into the pipette.

Midstream sticks of the third generation are more
convenient and accurate. For testing there is no need to
collect urine, in addition, they can be used at any time
of the day [3].

Electronic tests, which allow to get a definite an-
swer about the presence or absence of pregnancy, work
on the principle of previous products, but have a much
higher price. Application of the latest technologies has
allowed to provide a woman with such modern product
as reusable pregnancy test. It provides almost one hun-
dred percent accuracy, can be reused (up to 20 times)
and has the additional function of calculating the prob-
able date of birth.

The aim of the work was to study the range and indi-
ces of consumer properties of pregnancy tests presented
at the pharmaceutical market of Ukraine.

Materials and Methods

The work analyzes the market of medical products
for diagnosis of pregnancy presented by many domestic
and foreign manufacturers. Dependence of sensitivity
of tests on the term of the possible pregnancy determi-
nation has been also found.
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MANUFACTURING COUNTRIES Table 1
Israel The range of pregnancy tests presented
5% Germany at the Ukrainian market
15% C "
' Trade name Manufacturer ountry
) of origin
R;?Z'a Frautest Human Gesellschaft Germany
Ukraine Evitest Helm Germany
59 Switzerland Progressive BIO MED .
° 5% Be sure - Russia
......... Technologies
X Test FOR Best | Schonen Switzerland
China ¥ France BB Test Innotech International |France
10% LSS, 10% Cameo Pharmascience Canada
CAAALE A Miss World of Health Biotech |China
Bona Tespro Ukraine
Canada Be sure Ind diagnostic Inc. Canada
30% Clear Girl ZER HITECH Israel
Fig. 1. Manufacturing countries of products for pregnancy Babychek VEDA-LAB France
diagnosing presented at the Ukrainian market. - -
Evidence LEB-International USA
A LEB-Int ti l, USA
Results and Discussion MnS\SAI/EeCrRET Ind dl.q =ma tl.orlwa Canad
Medical products for diagnosis of pregnancy are y nc diaghostic 'nc., anhada
widely popular among women because of their high ef- ~ |My SECRET-Lux_|Ind d!agnost!c Inc. Canada
ficiency and reliability of the results. The leaders among | Nouwelle Ind diagnostic Inc. Canada
manufacturing countries are Canada, Germany and the |Secret ACON LABS USA
USA (Fig. 1, Tab. 1) [2, 3]. ' Duet IND diagnostic Inc. Canada
One of the factors when choosing a pregnancy test  [(jj¢ra ACON BIOTECH China
is its sensitivity, which is usually indicated on the pack
or in the package insert for the product. The lower con- ITEST AXIOM Germany
centration of the hormone in the urine the test is able
to recognize, the more sensitive it is. It has been found Table 2

that there are tests with different sensitivity of 30, 25,
20 and 10 Mme/ml. The least sensitive are simple strips
(20-15 mlIU/ml), and midstream sticks have the highest
sensitivity (10 mIU/mL).We have also clarified the re-
lationship between sensitivity of tests and the pregnan-
cy term in which they can be used (Tab. 2).

The analysis of sensitivity indicators of tests has been
conducted using of the standards WHO IS 75/537 and
IRP 75/537. It has been found that such tests as Sezam,

Dependence of sensitivity of the tests
on the term of pregnancy

Sensitivity of The possibility of determining
the test, mlU/ml pregnancy
10 mIU/ml On the 7th day after fertilization
20 mlU/ml On the 7-10th day after fertilization

25 miU/ml

From the 1st day after the missed period

30

25 25
25

| 20
20|/ 20

20

15

15—

10

10 10

10

51/

Sensitivity of pregnancy tests, (mlU/ml)

0

Clearblue Lady’s Besure Evitest Frautest Bepa

test

Trade names of pregnancy tests

ULTRA Sezarn Home Test

Fig. 2. Sensitivity of pregnancy tests.
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HomeTest and ULTRA, which can be used on the 7th
day after fertilization, have the highest sensitivity (Fig. 2).

Based on the data from the literature sources it has been
found that pregnancy tests can be stored at low (refrigera-
tor) and room temperature (between 2°C to 30°C). Their
stability preserves until the expiration date (24 months
from the date of manufacture). These data indicate that
the given products do not require special storage condi-
tions, and it is a positive consumer characteristic.

CONCLUSIONS

The analysis of the pharmaceutical market of Ukraine
where medical products in the form of pregnancy tests
are presented has shown that the leaders among manu-
facturing countries are Canada, Germany and the USA.

The analysis of sensitivity indicators of pregnancy
tests has revealed that such tests as Sezam, HomeTest
and ULTRA, which can be used on the 7th day after
fertilization, have the highest sensitivity.
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AOOCHNIAXEHHA CNOXUBYMX ACMEKTIB BUPOBIB MEAUYHOIO NPU3HAYEHHA

AnA OIArHOCTUKU BATITHOCTI
T.B.gsi0woH, I.I.BapaHoea, A.O.JTumoe4eHKo

Knrovoei cnoea: xopioHiyHul 20HadomporiH, mecm Ha 8a2imHicmb; CrioXue4i acrnekmu;

OiaeHocmyeaHHs1 8azimHocmi

LiaeHocmysamu eaeimHicmb — 03Ha4Yae ecmaHosumu ghakm eacimHocmi ma i mepmiH. CeoeyacHUl i moy-
Hul dia2HO3 8acimHOCMI Ma 8U3HaYeHHs1 if mepmiHy HeOobXiOHI 71 MPoghinakmuku yckriaOHeHb, nepedyac-
HUX riorioeie i nepeHouwlysaHHs1. Ha puHKy npedcmaeneHi Oekirbka audie mecmie Ha ea2imHicmb: 38u4aliHi
mecm-CMy>KKU, MiIaHWemHi, CmpyMUHHI ma efiekKmpoHHi mecmu. Bupobu medu4Ho20 rpusHadeHHs1 0r1s Oi-
a2HOCMUKU 8a2imHOCmi KopucmyrombCs1 LUUPOKOKO MOMYIISPHICMIO ceped XIHOK Yepe3 C80H BUCOKY eqhek-
musHicmb ma docmosipHicmb pe3yrbmamig. Jlidepamu ceped KpaiH-eupobHukie € KaHada, HimeuyuHa
ma CLLIA. BcmaHoereHo, Wo rnporoHyromscsi mecmu 3 pisHoro dymruesicmio: 30, 25, 20 i 10 Mme/ml.
HatimeHw yymnusumu € npocmi cmpuri-cmyau (20-15 MMO/mn), a Hadbinbwy 4yymnusicme Maromae
cmpymuHHi mecmu (10 MMO/mn). AHari3 rnoka3Huka Yymugocmi mecmig rpoeoduscsi 3 UKOpUCMaH-
Ham cmaHOapmie BOO3 IS 75/5637 ma IRP 75/5637. BcrmaHoerneHo, wio Halbinbuwly 4ymiugicms Maromab
mecmu Sezam, HomeTest i ULTRA, siki MOXHa sukopucmosysamu Ha 7-U 0eHb ricsis 3arniiOHeHHS.

WCCINEOOBAHUE NOTPEBUTENBCKUX ACMEKTOB U3AENWUA MEOULIMHCKOIO
HA3HAYEHWA ANA AMATHOCTUKU BEPEMEHHOCTHU

T.B.[si0oH, U.N.BapaHoea, A.O.JTumoe4eHKo

Knroyeenie cnoga: xopuoHuU4YecKuli 20HadomporuH; mecm Ha bepeMeHHoCcmb, nompebumesibckue

acriekmbl; QuazHocmupogsaHue bepemeHHOCMU

HuazHocmuposamb bepemeHHOCMb — 3Ha4Um ycmaHo8ume ¢hakm 6epemeHHocmu u ee cpok. Ceoespe-
MEHHbIU U MoYHbIl OuacHOo3 bepemeHHOCMU U oripederieHuUe ee cpoka HeobxoOumbi Or1s rpoghunakmu-
KU OCrIoXHeHUUl, npexoespeMeHHbIX podoe U nepeHalwiusaHus. Ha pbiHke npedcmasneHo HECKOLKO
8ud0os mecmos Ha 6epeMeHHOCMb. 0bbIYHbLIE MECM-T10/1I0CKU, MIaHWeEMHbIE, CMpPYUHbIEe U 3IEKIMPOH-
Hble mecmbl. M30enusi MeOUUUHCKO20 Ha3HaqyeHUs1 051 QuaeHOCMUKU 6epeMeHHOCMU Mosb3yHmcs
WuUpOKoU rornynsipHOCMbio cpedu XeHWUH briazodapsi ceoell 8biCOKOU aghghekmusHocmu u docmo-
sepHocmu pesynbmamos. Jludepamu cpedu cmpaH-ripoudsodumenel sensomcs KaHada, [epmaHus
u CLIA. YemaHoerneHo, 4mo ripednazaromcs mecmsl ¢ pasHol YyscmeumernsHocmetro: 30, 25, 20 u
10 Mme/ml. HaumeHee yyecmeumenbHbIMU S8/1I0mcs rnpocmele cmpuri-rosocku (20-15 mMO/mn),
a Haubornbwyto YyscmeumesibHocmb umetom cmpylHsie mecmbi (10 MMO/mi). AHanu3 nokazamersi
4yecmaeumesibHOCIMU Mecmos rMpo8oouriCs C Ucronb3o8aHueM cmaHOapmoes BO3 IS 75/537 u IRP 75/537.
YcmaHoerneHo, Ymo HaubosbuWwyr YyecmeumerbHoCcmb umerom mecmsi Sezam, HomeTest u ULTRA,
KOmMopble MOXHO UCIMOob308amb Ha 7-U OeHb rocrie orniodomeopeHus.
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Therapy with medicinal plants and remedies on their basis from time immemorial has been used by
mankind to treat a variety of diseases and has not lost its relevance up to now. Today, phytomedicines
are used both in the complex therapy (as a complementary element) and independently. There are
medicines of the plant origin and herbal remedies. The aim of this study was to analyse the range of
phytomedicines registered at the pharmaceutical market of Ukraine. In the section “Herbal medicines”
of Reference book of medicines of Ukraine (04/01/2013) 992 names of medicines are presented,
except of substances and medicines in bulk. The study of this range has shown that the vast majority
of medicines are manufactured in Ukraine. Medicines produced in Germany and India prevail among
foreign phytomedicines. Subsequent analysis of dosage forms of phytomedicines has revealed that
the largest number of medicines comes to the domestic market in the form of the medicinal plant raw
material, tablets, tinctures, capsules, solutions and syrups. Distribution of phytomedicines by the age
limits has been studied. It has been found that the most of medicines are intended for use by children
above 12 years old and adults. Thus, it has been found that there are only few phytomedicines for
younger children, whereas phytotherapy is the most appropriate for treating children of different age
groups. This fact makes developing of new domestic phytomedicines for use in pediatrics particularly

relevant and reasonable.

Herbal medicines (hereinafter — phytomedicines)
occupy a significant place among drugs of conventional
medicine, and their use is important due to a number
of'advantages in comparison with medicines of the syn-
thetic origin. Thus, they are more environmentally friend-
ly, have a polyvalent effect, at acceptable prices, their
use may be long-term, etc. [1, 4, 5, 7, 8].

Nowadays phytomedicines are actively used in the
complex therapy as a complementary element that sup-
plements and enhances the therapeutic effect of treat-
ment [6, 9, 10].

Phytomedicines include medicines of the plant ori-
gin (“any finished medicinal product containing active
substances from one or more plant substances, or active
substances from one or more plant substances in combina-
tion with other medicinal products”) and herbal remedies
(“medicines obtained from processing of plant substances
by extraction, distillation, pressing, fractionation, purifi-
cation, concentration and fermentation. They include crushed
or powdered plant substances, tinctures, extracts, essen-
tial oils, expressed juices and processed exudates™) [3].

For the purpose of analysis [2] of the domestic mar-
ket of phytomedicines they have been studied by the
place of manufacturing, distribution by the type of a
dosage form and age limits.

Materials and Methods

The range of phytomedicines registered at the Ref-
erence book of medicines of Ukraine (04/01/2013) was
studied by manufacturing countries (Fig. 1, Tab. 1).

The analysis of nomenclature by the type of a dosage
form (Tab. 2) was conducted, and distribution of phy-
tomedicines by the age category (Fig. 2) was studied.

Results and Discussion

The Reference book of medicines of Ukraine
(04/01/2013), section “Herbal medicines”, includes 992 me-
dicines, excluding substances and medicines in bulk [3].

It has been found that in the range selected phyto-
medicines of domestic production prevail — there are
651 names registered at the market (Fig. 1).

Taking into account that the share of phytomedi-
cines of foreign production is significant, their struc-
ture by manufacturing country was studied. It has been
found that suppliers of phytomedicines to the domestic
market are manufacturers from 32 countries (Tab. 1).

It is seen from Table 1 that suppliers of phytomedi-
cines from Germany (22.91%), India (14.65%), Paki-
stan (7.61%), Poland (7.03%) and Slovenia (6.73%)
dominate at the domestic pharmaceutical market.

The next stage of the study was analysis of the range
of medicines selected by the type of a dosage form, in
which they enter the market since the therapeutic effect
of the medicine largely depends exactly on the dosage
form. The type of the dosage form is also important in
the individual approach to treatment of each patient and
in treating diseases of varying severity.

It has been found that phytomedicines are presen-
ted as 27 dosage forms at the domestic pharmaceutical
market (Tab. 2).

Table 2 demonstrates that the medicinal plant raw
material (16.63%), tablets (14.31%), tinctures (12.50%),
capsules (9.68%), solutions (6.96%) and syrups (6.55%)
predominate.

The vast majority of medicines in the form of the
medicinal plant raw material are medicines of domestic
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Table 1

The structure of phytomedicines of foreign
production at the domestic pharmaceutical market
by manufacturing countries

M . The share of phytomedicines at

anufacturing h -

countries the domestic pharmaceutical

market, %

Germany 2291

India 14.65

Pakistan 7.61

Poland 7.03

Slovenia 6.73

Vietham 440

Czech Republic 4.10

France 4.10

The Russian Federation 3.22

Austria 2.63

Australia 2.63

Bulgaria 2.05

Hungary 1.76

USA 1.76

Netherlands 1.76

Great Britain 1.47

China 1.17

Slovak Republic 1.17

Georgia 0.88

The Republic of Belarus 0.88

Thailand 0.88

Switzerland 0.88

Turkey 0.56

Romania 0.56

Egypt 0.56

Denmark 0.56

Moldova 0.56

Canada 0.56

Spain 0.56

Bosnia and Herzegovina 0.56

Estonia 0.56

Sri Lanka 0.29

Total 100.0

Foreign
production
34.38%
Domestic
production
65.62%

Fig. 1. The origin of phytomedicines registered at the Ukrainian
pharmaceutical market by the place of production.

Table 2

Distribution of phytomedicines at the domestic
pharmaceutical market by the dosage forms

The number of | The share at the
Dosage form p‘hyto.medicines pharmaceutical
in this dosage market of
form Ukraine, %
mgs;;;al plant raw 165 16.63
Tablets 142 14.31
Tincture 124 12.50
Capsules 96 9.68
Solution 69 6.96
Syrup 65 6.55
Drops 47 4.74
Herbal tea 43 433
Ointment 37 3.73
Extract 21 2.12
Pastilles 21 2.12
Qil 19 1.92
Lozenges (candies) 18 1.81
Balm 17 1.71
Granules 16 1.61
Gel 16 1.61
Suppositories 13 1.31
Spray 13 1.31
Fluid 12 1.21
Powder 12 1.21
Tea 11 1.11
Liniment 6 0.60
Shampoo 3 0.31
Elixir 3 0.31
Juice 1 0.10
Dragee 1 0.10
Pills 1 0.10
Total 992 100.0

production, while many of them do not have additional
packaging to filter bags, but it is inconvenient for their
further use by patients.

Very few phytomedicines are represented in such
dosage forms as juices, dragee and pills (0.10% each)
at the domestic pharmaceutical market. In our opinion,
when creating new medicines based on the plant mate-
rial it is advisable to consider this fact when choosing
the dosage form.

Phytomedicines provide a “soft” therapeutic effect
at a low toxicity, cause significantly fewer side effects
and are usually much easier tolerated by patients com-
pared to synthetic medicines. Therefore, phytomedi-
cines form the basic range of medicines of choice in
pediatrics.

The further analysis of the age limits for using phy-
tomedicines has shown that they are divided into 20 groups
(Fig. 2). The vast majority of medicines (351 names)
are provided for the use of children above 12 years and
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99

58 46

s 15 14

> a2

23 34 1M1 3 5

2 2,

1 — Not applicable in pediatrics
2 — Applicable

3 —Above 18 years

4 — Above 16 years

5 — Above 15 years

1
Lzrad
6 7 8 9
6 — Above 14 years
7 — Above 12 years
8 — Above 10 years
9 — Above 9 years
10 — Above 8 years

10

11 12 13
11 — Above 7 years
12 — Above 6 years
13 — Above 5 years
14 — Above 4 years

15 — Above 3 years

14 15

16 17 18 19 20
16 — Above 2 years
17 — Above 1 year
18 — Above 6 months
19 — Above 3 months

20 — Above 28 days

Fig. 2. The age limits specified in patient information leaflets for phytomedicines that are presented

adults. The second largest group of phytomedicines
(222 names) is those medicines that are not used in pe-
diatrics. Of 992 phytomedicines registered only 99 of
them can be used to treat children aged above 3 years.
Among phytomedicines that can be used without the
age limit (63 names) the significant part takes those
that do not contain individually specified information
and recommendations for their use by children, causing
some doubts about the possibility of their use by this
age group.

It is important to note that some domestic phyto-
medicines in the form of the medicinal plant raw materi-
al, which are analogues in the composition and a dosage
form but produced by different companies, have conflic-
ting data regarding their safety for children. For example,
the patient information leaflet of “Linden flowers” ma-
nufactured by KP Kyiv Regional Council “Pharmaceu-
tical Factory” (Kyiv) indicates that “when applying the
medicine it should be considered that the safety and effi-
ciency of its use in the treatment of children under 12 years
old have not been found, that is why the medicine for
patients in this age group should be used with caution”.

at the domestic pharmaceutical market.

Herewith, “Linden flowers” produced by “Liktravy” PJSC
(Zhitomir) and Pharmaceutical factory “Viola” PJSC
(Zaporizhzhya) specify an age limit as — for children
above 3 years. Such differences may cause difficulties
for patients.

CONCLUSIONS

1. The range of phytomedicines registered in the Re-
ference book of medicines of Ukraine (04/01/2013), sec-
tion “Herbal medicines” has been studied. It has been
found that the vast majority of medicines are produced in
Ukraine (65.62%). Manufactures from Germany (22.91%)
and India (14.65%) prevail among foreign suppliers.

2. The analysis of the range of medicines selected
has revealed that the largest number of medicines comes
to the domestic market in the form of the medicinal
plant raw material (16.63%), tablets (14.31%), tinctures
(12.50%), capsules (9,68%), solutions (6.96%) and sy-
rups (6.55%).

3. Distribution of phytomedicines by the age limits
has been studied. The most of medicines are intended
for use by children above 12 years old (35.38%) and
adults (22.38%).
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AHATNI3 BITYN3HAHOIO PUHKY JNIKAPCBKUX NMPEMAPATIB HA POCITMHHIA OCHOBI
K.B.Tono4ko

Knroyoei crnioea: chapmayesmuyHUl pUHOK; aHari3; flikapCbKi rnpenapamu; POCIUHHI 3acobu
Tepania nikapcbKuMu pocsiuHamu i 3acobamu Ha ix OCHO8I CIIOKOHBIKY 8UKopucmosgyearnacs Jio0-
cmeom 05151 JTiKy8aHHS Pi3HOMaHImMHUX 3axeoprogaHb | 00 Ub020 OHST HE empamuria C80€l akmyaribHOC-
mi. Ha cb0200HiWHIl OeHb chimorpenapamu akmueHO 3acmoco8ytombCs K y CcKkradi KOMIeKCHOI
mepanii (K KomrnnemeHmapHul efleMeHm), mak i camocmitiHo. Budinstoms nikapcbki npenapamu
POCITUHHO20 MOXOOXXEHHS i POCIUHHI JliKapchKi 3acobu. Memoro OaHoi pobomu cmae aHari3 acop-
mumeHmy ¢himonpenapamis, 3apeecmposaHux Ha hapmayesmu4yHoMy PUHKY YkpaiHu. Y po3dini
«PocnunHi npenapamux [JogidHuka nikapcbkux 3acobie YkpaiHu (01.04.2013) npedcmasneHo 992
JikapcbKuX npenapamu Kpim cybcmaHyit ma npenapamig in bulk. [JocnidxeHHsi audineHo20 acop-
mumeHmy rokasaro, wo nepesgaxHa binbwicme rnpenapamig euzomosnsemscs 8 YkpaiHi. Ceped
3apybixkHUX ¢himonpernapamie nepesaxarms fikapcbki 3acobu supobHuymea HimewquHu ma IHOI.
lNodanbwul aHanis nikapcbkux ¢hopm ¢bimornpenapamie 00380/1U8 8cmaHogumu, wo Halbinbwa
KinibKicmb ripenapamig Hadxo0umb Ha 8iMYU3HSIHUU PUHOK y euarnsidi flikapCbKOi pOCIUHHOI cupo8u-
Hu, mabnemok, HacmouoK, Karicyr, po34uHie ma cuporiie. BugyeHo po3nodin ¢ghimornpenapamig 3a 8i-
KOBUM r1oKka3HUKoM. BecmaHoeneHo, wo binbwicms ripenapamig po3paxoeaHa 01 exueaHHs dimbmu
cmapuwe 12 pokie i dopocrnumu. Takum YuHoM, 6yrio ecmaHoerneHo, wo gimornpenapamisg 0ns dimed
Morodwiozo 8iky Oyxe mMasio, moli ik came ghimomepanisi € Halibinbw npudamHoto 01151 iKy8aHHS Oi-
mel pisHUX gikosux 2pyn. Lleld gpakm obymoersnoe ocobrusy akmyasibHicme i OoUifibHICMb PO3PO6KU
HOBUX 8iIMYU3HSIHUX ¢himornpernapamig 05151 3acmocy8aHHs1 8 nediampudyHit npakmuui.

AHAIN3 OTEYECTBEHHOI'O PbIHKA NNEKAPCTBEHHbIX MPEMAPATOB

HA PACTUTENbHOW OCHOBE

E.B.Tosioyko

Knroyeenble crniosa: chapmayesmuyeckull pbIHOK; aHanu3; ieKkapcmeeHHbIe rpenapamal;
pacmumerbHbie cpedcmea

Tepanusi nekapcmeeHHbIMU pacmeHuUsiMU U cpedcmeamMu Ha UX OCHOBE UCIOKOH 8€K08 UCMOb30-
sarnachk 4eriogedyecmeom Orisl fieHeHUs1 pa3HoobpasHbix 3aboniesaHull u ro celi 0eHb He riomepsina
ceoeli akmyanbHocmu. Ha ce2odHsawHUl deHb ¢humonpenapamal aKmMU8HO MPUMEHSIIOMCS KakK 8
cocmaee KOMIMIeKCHOU mepanuu (Kak KoMrsieMeHmapHbil anemMeHm), mak u caMocmosimesibHo.
Bbsidenstom nekapcmeeHHble rpenapamas! pacmumerbHO20 POUCX0XX0eHUs U pacmumeribHble Jie-
KapcmeeHHble cpedcmea. Llenbro daHHOU pabombi cmar aHanu3 accopmumeHma goumonpenapa-
mos, 3apeaucmpupoB8aHHbIX Ha (hapmMayesmuyecKkoM pbiHKe YKkpauHbl. B pa3dene «PacmumeribHbie
npenapamsei» CripagoyHUKa riekapcmeeHHbIx cpedcme YkpauHbi (01.04.2013) npedcmaeneHo 992
JiekapcmeeHHbIX rpenapama rnomumo cybecmaHyul u npenapamos in bulk. iccnedosaHue ebiderneH-
HO20 accopmumMeHma rokasaso, Ymo nodasensoujee 60MbWUHCMBO rpenapamos u32omosnsemcsi
8 YkpauHe. Cpedu 3apybexHbix humornpernapamos rpeobnadarom rekapcmeeHHble cpedcmea rpo-
uzeodcmea epmaHuu u MHOuu. NMocnedyrowul aHanu3 nekapcmeeHHbIX ¢hopM ¢humonpenapamos
[10380/1UJT yCMaHo8UMb, YmMo Haubosbwee Kou4ecmeso rpernapamos rnocmyrnaem Ha Ome4ecmeeH-
HbIU PbIHOK 8 8UOE 5IeKapCMeBEHHO20 pacmumeribHO20 Cbipbs, mabremok, Hacmoek, Karcyrsi, pac-
meopos u cupornos. N3ydeHo pacrnpedeneHue humornpenapamos Mo e03pacmHOMy oKka3amersito.
YcmaHoesneHo, 4mo 6051bWUHCME0 fpenapamos paccyumano 0515 yrnompebneHuss dembMu cmapuwie
12 nem u e3pocnbimu. Takum obpasom, bbir10 ycmaHosr1eHo, Ymo ¢hbumoripenapamos 0151 demel
Mnadweeo 8o3pacma o4eHb Marsio, moeada Kak UMeHHO ¢humomepanusi sensiemcsi Hauboree nooxo-
Osweli 0ns nedeHuss 0emeli pa3HbIX 803pacmHbIx epyrnn. dmom ¢hakm obycroenueaem o0cobyro ak-
myarnbHOCMb U yerecoobpa3Hocmb pa3pabomKu HO8bIX OMeYecmeeHHbIX humornpernapamos Ons
rpuUMeHeHuUs1 8 neduampu4yeckol rnpakmukxe.
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Rhinosinusitis is one of the most common chronic diseases. The studies in recent decades have
shown that approximately 10% of rhinosinusitis have an endogenous nature. According to statistics,
women more often suffer from rhinosinusitis than men, as well as people from the higher social strata
of society. According to the literature, patients with rhinosinusitis are about one third of the total num-
ber of hospitalizations in ENT in-patient departments. Foci of inflammation in the paranasal sinuses
can be a source of infectious sensitization of the respiratory tract and lungs, as well as the cause of
severe intracranial complications. Therefore, the problem of the treatment of rhinosinusitis remains
one of the most urgent and difficult in otorhinolaryngology. The empirical antibiotic therapy is the basic
treatment of acute bacterial rhinosinusitis, as well as exacerbation of chronic rhinosinusitis. Drugs of
the first choice in acute rhinosinusitis are amoxicillin, amoxicillin/clavulanate. Cephalosporins, e.g.,
cefuroxime axetil, are another way of treatment. Drugs, which are prescribed in the case of failure of
the first course of antibiotics, are macrolides and fluoroquinolones of the lI-IV generations such as
levofloxacin and moxifloxacin. The use of traditional medicines has a positive therapeutic effect, but
side effects of glucocorticoids and vasoconstrictors for topical application are associated with the risk
of retinal vascular embolism and development blindness. Therefore, today the use of homeopathic
complex drugs based on the components of the plant, animal and mineral origin is topical since they
are as effective as allopathic drugs, do not exhibit undesirable side effects, drug intolerance and the
effect of habituation, and do not cause allergic reactions.

Nowadays there is the increased progression of na-
sal phlogistic diseases, especially in chronical forms,
it often leads to the loss of labour capacity, and if the
intracranial complications are developed, it can result in
patient’s disability and death. According to the WHO
data 235 million people suffer from asthma, 64 million
have lungs chronic obstructions, while billions of peo-
ple are diagnosed with allergic rhinitis and other chron-
ic respiratory diseases [4, 5].

The nasal cavity and sinus are the highly organized
structure with subtle and complicated regulation mech-
anisms possessing a lot of specific functions.

Rhinosinusitis is inflammation of the sinus and na-
sal cavity caused by congestion of secretion and aera-
tion disorder. The starting point for development of rhi-
nosinusitis is an acute respiratory viral infection [13].

According to the American Healthcare Bureau 14.7%
of the Americans suffer from rhinosinusites. According
to the US Disease Statistics Center rhinosinusitis has
become the most spread chronic disease in the coun-
try, exceeding the indicators of the diagnosis of arthri-
tis and hypertension. Dependence of the disease on the
sex of the patients, the place of residence and the social
status has been also studied. According to the US sta-
tistics, women are suffering from rhinosinusitis more

often than men, as well as people from the higher social
strata of society [9, 11].

In addition, studies conducted in Russia have proven
that patients with rhinosinusitis have significantly lower
indices of pain sensitivity and social activity than pa-
tients with coronary heart disease and chronic obstruc-
tive pulmonary disease. In 26% of patients rhinosinusi-
tis is accompanied by development or progression of
mental depression [1].

When studying the structure of morbidity of the oto-
laryngology organs in Moscow city clinical hospital No.4
it has been found that the largest nosological group in-
cludes diseases of the nasal cavity and paranasal sinu-
ses (~54%, Fig.). The ear pathology (25%) is the second,
and diseases of the pharynx (10%) are the third [1].

The analysis of the statistical data shows that there
is a consistently high percentage of prevalence of dise-
ases of the nasal cavity and paranasal sinuses. Due to
that it is vital to develop the measures to improve the
medical care of patients with these diseases [1, 12].

In recent years the incidence of rhinosinusitis has al-
most 3 times increased, while the number of hospitali-
zed people has increased by 1.5-2%. Thus, the problem
of treatment of rhinosinusitis remains one of the most
urgent and complex [4].
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The main aim of treatment of thinosinusitis is to reduce
duration of the disease; prevent the intracranial complica-
tions; eradicate the pathogen. In that way the basic method
of treatment of acute bacterial rhinosinusitis and exacer-
bation of chronic rhinosinusitis is an empiric antibacterial
therapy (amoxicillin/clavulanate, etc.) [2].

In the USA the frequency of using antimicrobial
agents reaches 80%, in Europe — 72-92% [13].

The disease ranks 5th among diseases when antibio-
tics are prescribed: the USA spends approximately 6 bil-
lion § to buy antibiotics for treating rhinosinusitis [14].

According to the pharmacoepidemiological research
conducted in Russia it has been found that amoxicillin
is a drug of the first choice being prescribed to 18% of
patients. In 13.5% of cases ciprophloxacin is prescribed,
ampicillin — in 12% of cases, doxycyclin — in 7.7% of
cases and stand for gentamicin —in 5.5% of cases. Amoxi-
cillin is prescribed only for 16.7% of patients, amoxi-
cillin/clavulanate — only for 3.1% of patients [7, 9].

However, in practice, there are often situations when
the choice of treatment of rhinosinusitis is complicated
by intolerance to antibiotics.

Such vasoconstrictors as naphazoline, oxymetazo-
line, xylometazoline become essential in therapy of rhi-
nosinusitis; they affect the nasal cavity tonus regula-
tion. But the use of these medicines can cause edema in
the nasal cavity, changes in histological structure of the
mucosa, i.e. development of drug-induced rhinitis.

The therapy of acute rhinosinusitis also uses herbal
medicines with the antiphlogistic and mucolytic effect
(Erespal, Sinuforte, Sinupret). It is the combination of

Fig. The structure of morbidity of the otolaryngology organs.

synergistic active substances that provides the complex
secretolytic, anti-edema, bronchodilatatory, anti-inflam-
matory and immunostimulating effects when treating
rhinosinusitis [2].

In 2012 based on the results of several randomized
controlled clinical studies the updated European recom-
mendations for treatment of rhinosinusitis (European po-
sition paper on rhinosinusitis and nasal polyps (EPOS))
were published. The document reflects the issues of de-
termination, including the classification and epidemio-
logy, contributing to the factors of development and
treatment of rhinosinusitis. One of the new aspects of
EPOS-2012 is the inclusion of recommendations for the
treatment of some forms of rhinosinusitis with herbal
drugs (recommendations A) [11].

Tab. 1 generalizes the recommendations on the the-
rapy of acute rhinosinusitis in adults containing in the
EPOS up-to-date edition (2012).

The herbal drugs possess many advantages compared
to the synthetic ones, e.g. when using medicines from
plants allergic reactions and unwanted effects develop
less often [6].

Combining the methods of traditional medicine and
homeopathy allows to achieve a relatively quick desired
effect when treating many diseases. The efficiency, sa-
fety, the absence of side effects, economic availability
make homeopathic medicines indispensable for use in
children, pregnant women, elder people and patients
with a tendency to allergic reactions [8].

The search of new medicines by studying the toxic
and dynamic properties (“medicinal pathogenesis” ac-

Table 1

The recommendation level when treating acute rhinosinusitis (EPOS-2012)

Therapy

Recommendation level

Indication

Antibiotics A

In the case of acute bacterial rhinosinusitis

Steam inhalations

Topical (intranasal) HCSs A In the case of allergic rhinosinusitis
Saline nose washing B In the case of all rhinosinusitis forms
Anti-histamines + decongestants A In the case of acute viral rhinosinusitis
Probiotics A For prophylaxis of acute rhinosinusitis
Phytodrugs, aspirin, paracetamol A In the case of acute viral rhinosinusitis
Decongestants, mucolytics D Not used
Zing, vitamin C, Echinacea C Not used

A

Not used (ineffective)
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Table 2

Complex homeopathic medicines used in the therapy of rhinosinusitis

Name Manufacturer

Dosage form

Indications

Deutsche Homeopathy-

Cinnabsin Union DHU (Germany)

Homeopathic tablets

Complex therapy of acute and chronic nasal
inflammations (sinusitis, frontal sinusitis)

Rhinital DHU (Germany)

Homeopathic tablets

Allergic rhinitis as a part of complex
therapy

Asinis Richard Bittner (Austria)

Homeopathic drops

Complex therapy of sinusitis, frontal
sinusitis and chronic rhinitis

Euphobium Compositum Heel (Germany)

Homeopathic nasal

Rhinitis of different etiology, chronic

Nasentropfen C spray sinusitis
Delufen Richard Bittner (Austria) Homeopathic nasal Rhlnm? of dlfferer.\t. etiology, chronic
spray sinusitis, pharyngitis
Edas-131 EDAS (Russia) Nasal drops Acute_and chronic rhinitis (including
allergic one)
Allergie Walsh Pharma (USA) Homeopathic tablets tAflleer;gp;; rhinitis as a part of complex
Coryzalia Boiron Lab (France) Homeopathic tablets Rhinitis (edema and/or irritation of the

nasal mucosa, sneezing)

cording to Hannemann) of different organic and inor-
ganic substances is constantly carried out. That is why
new homeopathic medicines appear at the pharmaceuti-
cal market [10].

The given facts determine the relevance of develop-
ing new domestic homeopathic medicines, first of all,
their complex forms. The complex homeopathic forms
can be considered as the drugs of choice in cases when
administration of allopathic medicines are particularly
undesirable — during pregnancy, in allergies, among the
little children, as well as in diseases of the liver and
kidneys. The complex homeopathic medicines have be-
come the essential assortment part in both homeopathic
and conventional pharmacies. In the structure of the
turnover of large wholesale firms the sale of homeo-
pathic medicines is up to 5 % [3, 8].

The complex homeopathic medicines for prevention
and treatment of rhinosinusitis registered in Ukraine are
given in Tab. 2.

The assortment presented shows the insufficient
quantity of complex homeopathic medicines for rhinosi-
nusitis at the Ukrainian market. The German manufac-
turers offer 3 drugs for complex therapy of nasal diseases,
the Austrian manufacturers — 2 drugs, the Russian, US
and French manufacturers — 1 drug per a country for

treating rhinitis of different etiology. Besides, there are
no domestic medicines. Therefore, it proves the relevan-
ce of developing and creating new and effective homeo-
pathic medicines in our country.

CONCLUSIONS

The pharmaceutical, medical and social significance
of the problem of rhinosinusitis is conditioned by a high
prevalence of this disease, a pronounced decrease in the
quality of patients’ life, the existence of resistant and
recurrent forms.

The main method of drug treatment is antibacterial
therapy. Usually the drug of choice for treatment of rhi-
nosinusitis is amoxicillin or amoxicillin clavulanate. The
traditional drugs often become ineffective and have dif-
ferent side effects causing complications of the disease.

The combination of antibacterial and homeopathic
therapy allows to considerably improving the results of
treatment of patients with this pathology. The assort-
ment of complex homeopathic medicines for rhinosi-
nusitis at the Ukrainian market is limited, and there are
no domestic drugs.

The further studies on development of the composi-
tion and technology of a complex homeopathic medi-
cine for use in practical otolaryngology, in particular for
prevention and treatment of rhinosinusitis, are required.
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CYYACHI ACMNMEKTU PO3BUTKY TA NIKYBAHHA PUHOCUHYCUTY

C.B.OnitiHuk

Knroyoei crioea: xpoHiyHi 3ax80pro8aHHs; pUHOCUHycUmM, meparisi; fnikapcbki npenapamu;
2omeornamuyHi nikapcbKi 3acobu

PuHocuHycum gidHocumbcs 00 Yucria HalmowUupeHilluxX XPOHIYHUX 3ax80ptoeaHb. [JOoCiOXeHHS
ocmaHHb0o20 decsamurnimmsi rnoka3sasnu, wo npubnudHo 10% puHocuHycumig Marome eHOO2EHHY Mpu-
pody. 3a cmamucmuKo Ha PUHOCUHYCUMU Yacmiuwe X80pitomb XIHKU, a makox jirodu 3 aULUX CO-
uianbHUX 8epcme cycninbcmea. 3a simepamypHuMu 0aHUMU X80pi Ha PUHOCUHYCUMU CMaHo8s15imb
6nusbko 1/3 8i0 3azanbHoO20 4ucna 2ocrnimanizogaHux e JIOP-cmauioHapu. BoeHuwa 3ananeHHs 8
HaBKO/IOHOCOBUX Ma3yxax MoXymb 6ymu dxeperioM iHheKyiliHoT ceHcubinidayii QuxanbHUX Wsxig i
Jie2eHis, a makoX NMPUYUHOK 8aXXKUX 8HYMPIiWHbOYepernHux ycknadHeHb. Tomy npobrema rikyeaHHs
PUHOCUHYcumi8 3anuwaembcss domernep O0HIE 3 akmyasibHUX i CKaOHUX 8 OmMopuUHonapuHaosoaii.
BasucHum memodom nikysaHHs 20cmpoeao bakmepiaribHO20 PUHOCUHYCUMY, @ MakKoX 3a20CMPEHHS
XPOHIYHO20 PUHOCUHYcumy € eMripudyHa aHmubakmepianbHa mepanis. [lpenapamom nepwozo eu-
6opy rfpu 20CcMpPoOMy PUHOCUHYCUMIi € aMOKCUUUIIIH, aMOKcuyuniH/knasynaHam. IHWum eapiaHmom
TiKyeaHHSs € uegbariocrnopuHu, Hanpuknai, uegypokcumy akcemus. 3acobamu, siKi npusHadaroms y
pasi HeeghekmueHOCMI Nepwozo Kypcy aHmubiomukomepanii, € Makponidu ma ¢omopoxiHomnoHu Ill-
IV nokoniHb: rneeoghriokcauuH, MOKCcUGh/IoKcauuH. 3acmocysaHHs mpaluuitiHuUX JlikapCcbKux 3acobis
YUHUMb O3UmMuUeHUl meparnesmu4Hul echekm, npome MobidHi echekmu a/IrKOKOPMUKoCcmepoidie
i cyOUHO38YXy8arbHUX fiKkapCbKUX rpenapamis O Micye8o20 3acmocy8aHHsI 108 si3aHi 3 pU3UKOM
embonii cyduH cimkieku ma po3eumky crirnomu. ToMy Cb0200Hi € akmyasibHUM 3acmoCcy8aHHs 20-
Meornamu4YyHUX KOMIIIEKCHUX rpernapamieé Ha OCHO8i KOMIIOHEeHMI8 POC/IUHHO20, meapUHHO20 ma
MiHepasibHO20 MOX00XXEHHS, OCKIfIbKU 80HU 3a e(hbeKmuUBHICMI0 He NocmynarmsCsi anonamuyHum
npernapamam, He nposiernsome HebaxkaHoi nobidyHoi dii, eghekmie HerepeHocumocmi npenapamis i
38UKaHHSI ma He 8UKITUKaoMb anepaidyHux peakuid.

COBPEMEHHbIE ACNEKTbI PA3BUTUA U NEYHEHUA PUHOCUHYCUTA

C.B.OneliHuk

Knroveenble crioea: xpoHuYeckue 3aboreeaHusi; pPUHOCUHYCUM, meparusi; JIeKapCmeeHHbIe
rpenapamei; 20Meonamu4YecKue fiekapcmeeHHble cpedcmeaa

PuHOCUHYCcUmM omHOCUMCS K YUCJTy CaMbIX pacrpocmpaHeHHbIX XpOHUYECKUX 3abonesaHudll. Vccre-
OosaHusi nocriedHe2o decsimuriemusi rnokasasnu, Ymo ripumepHo 10% puHOCUHYycuUMo8 umMerom 3HOO-
2eHHyro npupody. [lo cmamucmuke pUHOCUHYCUMOM Yauje 6orerom XeHWUHbI, a makxe /1toou U3
8bICWIUX coyualbHbIX croes obwecmsa. Mo numepamypHbiM 0aHHbIM 607bHbIE PUHOCUHYCUMOM
cocmaernsitom okosno 1/3 om obuweeo vucna socrnumanusuposaHHbix 8 JTOP-cmayuoHapel. Odazu
8ocrasieHUs1 8 OKO/IOHOCO8bIX radyxax mMmoaym bbimb UCMOYHUKOM UHGDEKUUOHHOU ceHcuburu3a-
yuu ObixamesibHbIX nymed u fie2KuxX, a makxe npuYUHOU mMsKesibiX 8HYMPUYEPErHbIX OC/IOXHEHUU.
lMoamomy npobriema riedeHus1 pUHOCUHycuma ocmaemcsi 00HOU U3 akmyarsbHbIX U CITOXHbIX 8 OMo-
puHonapuHaonoeauu. basucHbiM memodom nedeHusi ocmpoeao bakmepuarbHO20 PUHOCUHYycUma, a
makxe 060cmpeHUsi XPOHUYECKO20 PUHOCUHYcUmMa si8risiemcsi aMrnupudyeckas aHmubakmepuarbHasi
mepanusi. lNpenapamom nepeoeo enibopa rpu 0CMPOM PUHOCUHYCUME S18/ISIFOMCST @MOKCUUUITITUH,
amokcuyusnnun/knasynaHam. [pyaum eapuaHmom redeHust sernsiomcesi ueghasiocropuHbl, Harnpumep,
uegbypokcum akcemur. Cpedcmeamu, KOmopbie HasHa4arom 8 crydae HeaghghekmueHOCmu nepeo-
20 Kypca aHmubuomukomeparuu, s16/13tomcsi Makposiudbl u ¢hmopxuHornoHsb! -1V nokoneHud: ne-
80¢br1oKCayuH, MoKcugiokcauuH. lNpumeHeHue mpaduyuoHHbIX JIEKapPCMEEHHbIX cpedcme umeem
ronIoXUMernbHbIU mepanesmudeckul 3¢hghekm, oOHaKo noboYHbIe 3¢hgheKkmbi 2/1HKOKOpmMuUKocme-
poudoe u cocydocyxusarouux 1ekapcmeeHHbIX rpernapamos 0s1s1 MECMHO20 NPUMEHEHUST C8si3aHhbl
C puckom ambosnuu cocydo8 cemyamku U pa3sumusi criernomsl. [10amomy ce2o0Hs 18r1iemcsi akmy-
arnbHbIM MPUMEHEeHUE 20Meonamu4YyecKUuX KOMIMIIEKCHbIX Mpernapamoes Ha OCHO8e KOMIOHEH MO8 pac-
mumesibHO20, XUBOMHO20 U MUHEepasibHO20 MPOUCXOXOEHUS, MOCKO/IbKY OHU M0 3¢hghekmusHocmu
He ycmynarom anonamuyYecKuM rpernapamam, He rposienisiiom HexernamesbHbiX MoboYyHbIx del-
cmeull, HerepeHocuMocmu ripernapamos u aghghekma rpusbiKaHUs U HE 8bI3bI8AK0M aniepauyecKux
peakyud.
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Recently, as evidenced by numerous publications and surveys on the topic, the interest in clarithromy-
cin is not reduced. This drug has a wide range of the antibacterial activity, is able to penetrate into
cells and create stable and high tissue concentration exceeding the level of the drug in the blood serum.
However, in recent years, more attention is paid to the study of nonantibacterial effects of clarithromy-
cin. In modern macrolides, in particular in clarithromycin, the anti-inflammatory, immunomodulatory
and mucoregulatory properties have been found. The primary mechanism of the immunomodulatory
action of macrolides today is considered to be their ability to affect NF-kB-and MAPK-dependent
signaling pathways of cells. Under the effect of clarithromycin the decrease in the synthesis and/
or secretion of pro-inflammatory (IL-1, -6, -8, tumour necrosis factor (TNF)) and the increase in the
secretion of anti-inflammatory cytokines (IL-2, -4, -10) are observed. The effectiveness of the indirect
antimicrobial action of clarithromycin is intensively studied in vitro and in vivo, and it further expands

our understanding of the therapeutic possibilities of this drug.

Macrolide antibiotics are widely used due to their
activity against many pathogens and the presence of a
number of therapeutically beneficial nonantibacterial addi-
tional properties. Semisynthetic 14-membered macro-
lide clarithromycin has been successfully used in medi-
cal practice for 25 years. The synthesis of clarithromy-
cin was performed by incorporating methoxy at position
of the 6-th macrocyclic lactone ring of the erythromy-
cin structure [1, 2, 9].

Clarithromycin inhibits the protein synthesis in bac-
teria by binding to the active centre of the 50S riboso-
mal subunit. As a result of the reversible binding and
inhibiting the reactions of translocation and transpepti-
dation, the inhibition of formation and extension of the
peptide chain occurs. Recently another ability of mac-
rolides — to disrupt the assembly of the 50S subunit —
has been found. The main effect of clarithromycin is
bacteriostatic, but at high concentrations and low mi-
crobial density relative to S. pyogenes and S. pneumo-
niae this drug can exhibit the bactericidal effect [2, 18].

Clarithromycin is active against many gram-positive
and gram-negative bacteria, as well as against the majority
of intracellular pathogens such as mycoplasma, chlamy-
dia and mycobacteria. It is highly effective against strep-
tococcus, pneumococcus, meningococcus, gonococcus,
treponema, clostridium, listeria, corynebacteria diphthe-
ria, anthrax bacillus, Helicobacter pylori. The effective-
ness of clarithromycin against Haemophilus influenzae
is due to the antibacterial activity of the basic drug me-
tabolite (14-hydroxy clarithromycin). Many gram-nega-
tive bacteria have the natural resistance to macrolides
because antibiotics do not penetrate into the cell wall.
However, clarithromycin has shown a significant acti-
vity in vitro and in vivo against gram-negative pathogens,

such respiratory infections as Legionella pneumophlia,
Moraxella catarrhalis, Bordetella pertussis. But mac-
rolides do not affect gram-negative bacteria of such fa-
milies as Enterobacteriaceae, Pseudomonas and Acine-
tobacter. Clarithromycin is effective against rickettsia,
the causative agents of wound infection due to animal
bites, active against some anaerobes, including clostridia,
bacteroides, actinomycetes, propionibacteria, anaerobic
cocci[1,2,3,9].

Acquired resistance of microorganisms to clarithro-
mycin may be due to modification of the target of the
antibiotic and active excretion of microbial cells (efflux).
Methylation of ribosomes is the main and most studied
mechanism of modification of the target. It is charac-
teristic for Streptococcus spp., Staphylococcus spp. and
is stipulated by the presence of specific genes in these
bacteria— erm (erythromycin ribosome methylase) re-
sponsible for the synthesis of proteins-methylases; it re-
sults in disrupted binding of macrolide with the action
target. In this case cross-resistance (the so-called MLSv-type
resistance) to macrolides, lincosamides and streptogra-
mins B is formed. Mutations in rRNA and ribosomal
proteins L4, L16, L22 are the mechanism of resistance,
which clinical significance has not yet been determined.
Single mutations in domain V of rRNA are observed in
S. pneumoniae, Mycobacterium spp., H. pylori, B. per-
tussis, they lead to the expression of resistance pheno-
types MLSv and ML (resistance to macrolides and lin-
cosamides). Mutations in the L-proteins identified in cli-
nical strains of S. pneumoniae and S. pyogenes cause
the resistance to erythromycin while preserving the sen-
sitivity to lincosamides [1, 2, 9, 12].

Active elimination (efflux) of microbial cells is car-
ried out with the proton pump encoded by genes mefA
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and mefE [21]. In this case only 14- and 15-membered
macrolides, including clarithromycin, are eliminated;
the susceptibility to 16-membered macrolides, strepto-
gramins B and lincosamides remains unchanged. The
casiest resistance to macrolides develops in such patho-
gens as pneumococcus, group A streptococci, Haemo-
philus influenzae. For example, in Taiwan in hospital
strains of penicillin-resistant pneumococci the resistance
to macrolides occurs in 90-95%. Community-acquired
Haemophilus influenzae is resistant to clarithromycin;
among the children in Germany there are 1-5% of cases,
and group A streptococcus is found in about 4%. It is
noted that the frequency of resistant strains increases
every year. In this regard the use of macrolides should
be rational [2, 7,9, 12].

Clarithromycin is a macrolide that is the most re-
sistant to hydrolysis in the acidic medium. This signifi-
cantly increased its bioavailability, reduced the number
of adverse events in the gastrointestinal tract (GIT) and
made it practically independent of food intake. The drug
is rapidly absorbed from the gastrointestinal tract, reaching
the maximum concentrations in 1 (250 mg) or 2 hours
(500 mg) — 1 and 2.41 mg/L, respectively; its bioavaila-
bility after oral administration is 55%. When taking dif-
ferent doses such indicators as C_, and AUC increase
proportionally to the dose increase. The steady state con-
centrations of clarithromycin in the blood are created
after re-taking of 5 doses. In the stationary phase the
indicators of C_,, of clarithromycin are equal 1-1.5 and
2-3 mg/L after administration of 250 or 500 mg, respec-
tively. After re-taking of 200 mg twice daily for 14 days
the accumulation of the drug in the blood is not observed.
Clarithromycin has a low degree of ionization and is so-
luble in lipids, and therefore, it is well distributed in va-
rious organs and tissues. The volume of distribution of
clarithromycin ranges from 115 to 266 litres, and bind-
ing with the serum proteins is from 42 to 70% [1, 3, 19].

Approximately 1/2 of the dose of clarithromycin is
metabolized by microsomal liver enzymes to form the
main metabolite — 14-hydroxy (R) of clarithromycin,
which production is greater than that of 14-hydroxy (S)
epimer. The antibacterial activity of 14-hydroxy clari-
thromycin (14-hydroxy CM) is little inferior to the pre-
decessor, so the effect of the first passage through the li-
ver almost does not impact on its activity, and parenteral
administration has only some advantages. 14-Hydroxy
CM in vitro equals erythromycin in its activity relative
to H.influenzae. A hypothesis has been put forward that
there is synergy concerning Haemophilus influenzae bet-
ween clarithromycin and its metabolite, 14-hydroxy CM,
and therefore, the activity of clarithromycin is higher
in vivo than in vitro. However, this hypothesis is con-
firmed by the few studies that can not serve as a convinc-
ing base. The half-life of clarithromycin after a single
dose is 2.6-4.6 hours; this indicator is higher for 14-hy-
droxy CM — 3.9-6.6 hours. The total clearance of clari-
thromycin ranges from 22 to 64 1/h. Urinary excretion
of clarithromycin is 18-36%, and 14-hydroxy CM — 9.6-
12%. The urine contains high concentrations of clari-
thromycin. Part of clarithromycin and its metabolite are

excreted in faeces — 6.6 and 11.3%. Clarithromycin phar-
macokinetics in children aged 6 months to 10 years is
the same as in adults. Older people (65-84 years old)
have higher C_,, of clarithromycin, 14-hydroxy KM and
AUC, but their renal clearance is lower than that of people
aged 18-30. In patients with severe renal impairment in-
crease in C,, of clarithromycin in the blood and AUC,
T,, prolongation and decrease of the elimination rate
constant correlated with the degree of renal failure are
observed. In patients with liver disease there are no sig-
nificant changes in pharmacokinetics of clarithromycin,
but there are some marked changes in such indicators as
C,..and AUC of 14-hydroxy CM [1, 2, 4, 9].

The advantage of new macrolides is their ability to
generate high and stable concentrations in tissues that
exceed the level of the drug in the serum. It is known
that clarithromycin achieves high concentrations in tis-
sues and respiratory secretions. Peak concentrations of
clarithromycin and its 14-hydroxy metabolite in the se-
rum are lower than that of erythromycin (1.1 mg/L com-
pared to 2.9+0.8 mg/l, respectively). Erythromycin and
clarithromycin C_,, is lower than MIC 90 for some im-
portant pathogens of respiratory tract infections, including
erythromycin resistant pneumococci and H.influenzae.
The concentration of clarithromycin created in various
tissues, particularly in the tonsils, lungs, the prostate
gland exceeds that of erythromycin, and far exceeds the
concentration of the drug in the serum. The high con-
centration of clarithromycin in tissues, however, has a
limited clinical value. This concentration was obtained
in the homogenizate of solid tissues consisted mainly of
the intracellular material, and their high level of concen-
tration was due to high concentrations inside the cells.
The high concentration of antibiotic inside the cells is
important mainly for intracellular microorganisms, and
less important in extracellular pathogens. Efficacy of
macrolides relative to extracellular pathogens depends
on the extracellular concentration of the antibiotic and
the sensitivity of microorganisms to it. The time during
which the concentration of free extracellular antibiotic
exceeds the MIC value is the main factor that deter-
mines the effectiveness of macrolides [1, 2, 10, 17].

Permeability of clarithromycin increases when there
is inflammation in the site. This is due to the fact that
macrolides, in particular clarithromycin and azithromy-
cin, have a special tropism to cells of the immune sys-
tem. Thus, the ratio of the intracellular concentration
of clarithromycin to the extracellular concentration for
polymorphonuclear leukocytes is 20-38, for mononu-
clear cells — 16-24. As a result, macrophages loaded with
clarithromycin during their migration transport the drug
into the site of inflammation creating particularly high
concentrations of the drug. It is believed that clarithro-
mycin reaches relatively high (20-70 mg/L) concentra-
tions in the fluid covering the epithelium (FCE), which
is a complex biological fluids and inflammatory cells,
and this fluid washes the terminal bronchioles and alveo-
les. The main difficulty in determining the antibiotic
concentration in FCE is that when using the bronchoal-
veolar lavage, phagocytes that are present in the liquid
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are placed in the antibiotic-free medium. In this case,
as a result of osmosis, any antibiotic is quickly released
from phagocytes. In one of the in vitro studies it has
been shown that a significant number of many antibiot-
ics that are in phagocytes can be excreted into the sur-
rounding liquid for 20 minutes. Taking into account the
artificial efflux of the intracellular antibiotic it is likely
that the concentration of clarithromycin in the secre-
tory fluid is somewhat exaggerated, but the true value is
too low to be of therapeutic value. In general, clarithro-
mycin in relation to distribution in the body occupies
the “golden mean” — a balanced intermediate position
among other macrolides [1, 10, 21].

The assumption of the presence of immunomodu-
latory properties of macrolide antibiotics was first ex-
pressed by the Japanese researchers in the 60°s of the
last century. The precondition for such assumptions was
the results of using erythromycin in 1991 by Tanimoto H.
in patients with diffuse panbronchiolitis, it significantly
improved the survival rate of patients, including patients
with the respiratory tract colonization by P.aeruginosa
despite the fact that this organism was not included in
the spectrum of activity of macrolides. Efficacy of treat-
ment was associated with the nonantibacterial activity
of macrolides as applicable dosage did not create bac-
tericidal concentrations in the airways. In modern macro-
lides, in particular clarithromycin, the anti-inflammato-
ry, immunomodulatory and mucoregulatory properties
have been found. The primary mechanism for the im-
munomodulatory actions of macrolides today is consi-
dered to be their ability to affect the NF-kB- and MAPK-de-
pendent (in particular, ERK1/2 cascade) signaling path-
ways of cells that are used to transfer information from
the plasma membrane receptors to nuclear transcription
factors. This mechanism can explain many immunomo-
dulatory effects of macrolides, including inhibition of the
mucus secretion, production of pro-inflammatory cytokines,
chemotaxis and cell proliferation. Specific proteins or re-
ceptors that mediate the effects of macrolides on signa-
ling pathways have not been identified yet [4, 17, 19, 22].

At present under immunomodulatory effects of mac-
rolides we understand the whole spectrum of effects of
these drugs on different levels of the body’s immunolo-
gical protection, including production of cytokines, the
function of epithelial cells, etc. It should be emphasized
that macrolides due to their properties are immunomodu-
lators that activate specific immune defense mechanisms
and simultaneously inhibit the excessive inflammation
of the respiratory tract leading to fibrosis [1, 2, 10, 11].

Clarithromycin has the modulating effect on phago-
cytosis, chemotaxis, killing and apoptosis of neutrophils.
The inhibition of the oxidative burst occurs, resulting in
reduced formation of highly active compounds that can
damage their own tissues. Decrease of synthesis and/or
secretion of pro-inflammatory (IL-1, -6, -8, tumour ne-
crosis factor (TNF)) and increase of secretion of pro-
inflammatory cytokines (IL-2, -4, -10) were observed
[8, 16, 21]. In 2013 A. Spyridaky with colleagues in a
placebo-controlled double-blind study in patients with
sepsis demonstrated reduction in TNF and IL-6 and

growth of IL-10 in patients receiving clarithromycin
compared to placebo. Thus, clarithromycin demonstrat-
ed ability to balance the level of pro- and anti-inflam-
matory interleukines [4].

In experimental models of ventilator-induced lung
injury in rats it has been shown that inhibition of the nu-
clear factor kappa B (NFkB), which regulates gene ex-
pression of pro-inflammatory cytokines and TNF, is ob-
served with the intravenous administration of clarithro-
mycin. Compared to the control group the content of
the serum TNF- and the oxidant status in animals treat-
ed with clarithromycin reduced significantly. The neu-
trophilic alveolar infiltration also decreased [5, 16, 20].

Clarithromycin has been found to reduce bronchial
hyperreactivity and exhibit a beneficial effect on the clear-
ance of bronchial and nasal secretions. This decreases
the production of mucus in patients with excessive se-
cretions, such as diffuse panbronchiolitis [13]. There is
another significant aspect of the effectiveness of clari-
thromycin. It is in the impact on adhesion of bacteria to
the epithelium, on products by microorganisms to path-
ogenicity factors, on formation of bacterial biofilms and
quorum-sensing [10, 13, 14].

It is important that clarithromycin inhibits the for-
mation of alginate biofilms created by P.aeruginosa.
The probable mechanism of this action is inhibition of
one of the enzymes involved in the synthesis of algi-
nate — guanosine-D-mannose dehydrogenase. This anti-
alginate and antibiofilm effect provides the clinical ef-
ficacy of clarithromycin in diffuse panbronchiolitis and
cystic fibrosis since in the pathogenesis and clinic of
these diseases the immune response caused by alginate
of mucus is of substantial significance [7, 18]. For ex-
ample, a 4-year intake of clarithromycin in the dose of
200 mg/day by patients with diffuse panbronchiolitis
significantly improved clinical symptoms and functio-
nal performance by the 6th month of treatment, followed
by positive dynamics during the entire period of thera-
py. Several studies demonstrated the effectiveness of cla-
rithromycin in bronchial asthma marked by a significant
decrease in the severity of clinical symptoms, the num-
ber of eosinophils in the blood and sputum, and reduced
bronchial hyperresponsiveness compared to placebo [13].
The study of Nixon L. et al. demonstrated the ability of
clarithromycin prescribed to 25 patients with chronic
obstructive pulmonary disease (COPD) for 2 weeks in
the dose of 500 mg twice a day to improve the respira-
tory function indicators and reduce the severity of clini-
cal symptoms [15]. In the study of the dosage form with
sustained release used within 7 days in 120 patients with
COPD without exacerbation a significant decrease in
the content of IL-8 in the sputum and reduction of its
viscosity were observed [6, 22].

The research on Pseudomonas aeruginosa isolates
in the form of biofilms obtained from patients with cystic
fibrosis demonstrated a significant reduction in MIC of
antipseudomonal antibacterial agents during the treat-
ment with clarithromycin. Thus, the presence of addi-
tional features along with a high antibacterial activity
provides a rapid regression of symptoms and improve-
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ment of the patients’ state when treating respiratory tract
infections with clarithromycin [7, 10, 21].

A group of the Japanese researchers also studied the
effect of clarithromycin on the migration of fibroblasts
induced by the human plasma fibronectin, and the fetal
lung fibroblast contraction of the human tissue. With a
chemotactic tablet it was shown that clarithromycin in-
hibited the migration of fibroblasts (p<0.05), while other
antibiotics (ampicillin, minocycline, and azithromycin
macrolide) had no similar effect. The effect of clarithro-
mycin on the migration of fibroblasts is of a dose-de-
pendent nature. The drug also inhibits the migration of

fibroblasts stimulated by the analogue of thromboxane
A2. However, clarithromycin has no impact on another
important function of fibroblasts — collagen gel contrac-
tion [11].

CONCLUSIONS

The results obtained have allowed to conclude that
clarithromycin can be involved in the regulation of the
wound healing process. The effectiveness of the indi-
rect antimicrobial activity of clarithromycin is exten-
sively studied in vitro and in vivo. This further expands
our understanding of the therapeutic possibilities of this
drug.
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AKTYAIbHI MUTAHHA KNIHIYHOT ®APMAKORNOTIi KNAPUTPOMILIUHY

0.0.5koenesa, A.B.Ink4yeHKO

Knroyoei crnoea: knapumpomiuuH; HenpsiMi aHmubakmepianbHi egpbekmu; HeaHmubakmepiarnbHi

egekmu; imyHomodyroeasibHUl 8riue

OcmaHHim Yacom iHmepec 00 KnapumpoMiyuHy He 3MEeHWYyembCsi, wo nidmeepdxyemscsi bazamo-
qucenbHUMU rybnikauiamu ma oensadamu ro uiti memi. JaHud npenapam 8or1odie WuUpoKuM rpoginem
aHmubakmepianbHOI akmugHocmi, 30ameH rnPoHUKamu 8 KnimuHuU i cmeoprosamu 8UCOKi cmabirbHi
KOoHUeHmpaujii 8 mkaHUHax, W0 repesullyroms pieeHb rpernapamy 6 cuposamui kposi. [lpome e ocmak-
Hi poKu binbwe ygaesu npudinsgembcsi 8UBYEHHIO HeaHmMubakmepianbHUX eghekmie Krnapumpomiyu-
Hy. Y cydacHux makpornidie, 30Kpema y KnapumpoMiUuHy, 8UsI8NIEHI npomu3aanarbHi, iMyHOMOOYII0-
toyi ma Mmykopeeyntotodi enacmusocmi. [lep8uUHHUM MexaHi3MoM iMyHOMOOyrorYoi Oif makporidie
Ha cb0200HIWHIlU OeHb NpuliHAMO 88axamu ix 30amHicmsb ernnueamu Ha NF-kB-ma MAPK-3anexHi
CueHarnbHi wnsxu knimuH. [1id ernnueom KnapumpomiyuHy 8i03Ha4eHO 3HUXEHHS cuHme3sy ma / abo
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cekpeuii nposanansHux (IL-1, -6, -8, gpakmopa Hekpo3dy nyxnuH (TNF)) i nocuneHHsi cekpeuii npomu-
3ananbHux yumockiie (IL-2, -4, -10). E¢gpekmusHicmb HernpsiMoi aHmumikpobHOi Oii KnapumpomiyuHy
IHMeHCUB8HO 8us4YaemMbCs in vitro ma in vivo, wo we binbwe po3Wupre Hawli ysi8IeHHsT PO mepa-
nesmuyHi Moxueocmi daHo20 ripenapamy.

AKTYAIbHBIE BOMPOCHI KIIMHUYECKOW ®APMAKONOIMMU KINAPUTPOMULIMHA
0.0.5lkoeneea, A.b.Unb4yeHko

Knroueenie crioga: KnapumpoMUyuH; HenpsiMble aHmubakmepuarbHble 3ghghekmbl;
HeaHmubakmepuarbHbie 3¢hgbeKmbl; UMMYHOMOOYIUPYOUW,ee 8rusHUE

B nocnedHee 8pemsi UHMeEPEC K KNapumpoMUUUHy He yMeHbLaemcs, 4mo nodmeepxxdaemcs MHO-
2o4ucreHHbIMU Mybnukayusmu u ob3opamu rno amou meme. [aHHbIlU npenapam obnadaem wupo-
Kum ripogpuniem aHmubakmepuanbHOU akmugHOCMU, CriocobeH MPOoHUKamp 8 Kriemku u co3dasams
8bICOKUE cmabusibHble KOHUeHmMpauuu 8 mKaHsix, pesbiuarujue yposeHs rpernapama 8 cbisopom-
ke kposu. OOHako 8 rocriedHuUe 200kl bosbwe eHUMaHUsI yderisemcs Uu3y4yeHuro HeaHmubakmepu-
arnbHbIX 3¢hgheKkmos KnapumpoMuyuHa. Y co8peMeHHbIX MaKponudos, 8 YacmHocmu y Kriapumpo-
MuyuHa, obHapyxeHbl MPOMU808oCanumesibHbIe, UMMYHOMOOYIupyrouwue u MyKkopeaynupynujue
ceoticmea. Nep8uUYHbIM MexaHU3IMOM UMMYHOMOOynupyrouie2o delicmeausi Makposiudos Ha cea200-
HAWHUU OeHb MPUHSAMO cyumamp ux crnocobHocms enusms Ha NF-kB-u MAPK-3asucumbie cue-
HanbHble nymu Krnemok. 100 enusiHueM KnapumpoMuyuHa OmMeYeHO CHUXeHUe cuHmesa u / umnu
cekpeuyuu npoesocnanumernsHbix (IL-1, -6, -8, chakmopa Hekposa onyxonel (TNF)) u ycuneHue ce-
Kpeyuu npomusosocnanumerbHbIX YUmokuHos (IL-2, -4, -10). 3ghgbekmusHOCMb HEMPSIMO20 aHmu-
MUKPOBHO20 Oelicmeust KIiapumpoMuyuHa UHMEeHCUBHO udyyaemcs in vitro u in vivo, ymo ewe 6071b-
we pacwupsem Hawu rnpedcmasneHuss 0 meparesmu4yecKux 803MOXHOCMSX OaHHO20 npernapama.
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THE STUDY OF THE ANTIHYPOXIC ACTION
OF 1-PHENETHYL-5,7-DIHYDRO-1H-PYRROLO-
[2,3-d]PYRIMIDIN-2,4,6-TRIONE (DEZAPUR)

ON DIFFERENT MODELS OF HYPOXIA

0.V.Sevryukov, V.A.Volkovoy, O.V.Kolisnyk, K.M.Sytnik

National University of Pharmacy

Key words: hypoxia, 1-phenethyl-5,7-dihydro-1H-pyrrolo-[2,3-d]pyrimidin-2,4,6-trione;

antihypoxant drug Mexidol

Extension of hypoxic states is a consequence of disorder of cerebral, coronary and peripheral cir-
culation, and it requires further search for substances that can reduce the negative effect of hypoxia on
tissues, and increase their resistance to hypoxia. The study of the antihypoxic activity of 1-phenethyl-
5,7-dihydro-1H-pyrrolo-[2,3-d]pyrimidin-2,4,6-trione under the conditional name of Dezapur on diffe-
rent models of hypoxia (hemic, hypercapnic, histotoxic and hypobaric) has been presented. The re-
ference drug is Mexidol. Dezapur in the dose of 10 mg/kg and Mexidol in the dose of 100 mg/kg show
the expressed antihypoxic activity on all models of hypoxia compared to the control group: hemic
hypoxia in 2.09 and 1.82 times, hypercapnic hypoxia —in 2.35 and 2.29 times, on histotoxic hypoxia —
in 2.04 and 1.9 times, hypobaric hypoxia — in 3.06 and 2.72 times, respectively.

Hypoxia is a pathological process, which is charac-
terized by decrease of the oxygen content in the blood
and tissues, development of the complex of the secon-
dary non-specific metabolic and functional disorders, as
well as the reaction of adaptation [1]. Extension of hy-
poxic states is a consequence of disorder of cerebral, co-
ronary and peripheral circulation, and it requires further
search for substances that can reduce the negative effect
of hypoxia on tissues, and increase their resistance to
hypoxia. Therefore, the search of such substances that
would increase the resistance of tissues to hypoxia, bind
free radicals formed as a result of hypoxia, i.e. having
the antioxidant effect and reducing inflammatory ede-
ma, is a topical issue of medical chemistry [2, 5].

The study of active antihypoxant drugs is a current
problem in pharmacology. Thus, the screening studies
of 1-phenethyl-5,7-dihydro-1H-pyrrolo-[2,3-d]pyrimi-
din-2,4,6-trione (Dezapur), which can be a potential an-
tioxidant drug, have been conducted [3].

Materials and Methods

The antihypoxic activity was studied on nonlinear
white male mice weighing 20+2g. The test substance in
the dose of 1/10 of its LD, and the reference drug Mexi-
dol in the dose of 100 mg/kg (ED;,) were introduced
intragastrically 30 min prior to the experiment. Control
and experiments were performed simultaneously and
recorded the life time in minutes [7]. All animals were
divided into 3 groups, each group of 6 animals: group
1 —intact animals received distilled water in the volume
of 1 ml; group 2 — animals received Dezapur in the ef-
fective dose of 10 mg/kg; group 3 — animals received
the reference drug Mexidol [6, 9].

The acute hypobaric hypoxia was created by raising
animals to the height of 11.000 m and with the speed of
50 m/s in the Komovsky apparatus; the acute hypoxic

hypoxia — by placing animals in a 200 ml airtight cham-
ber; the hemic acute hypoxia — by subcutaneous injec-
tion of sodium nitrite in the dose of 225 mg/kg; the
histotoxic hypoxia — by intraperitoneal introduction of
sodium nitroprusside in the dose of 25 mg/kg. The anti-
hypoxic action was assessed by duration of the animals’
life. The results of the study were compared with the
reference drug Mexidol widely known in medical prac-
tice as an antihypoxant and antioxidant drug [4, 8, 10].

Results and Discussion

According to the results obtained Dezapur exhibited
a stable antihypoxic activity by the life expectancy of
the animals on all experimental models (Table, Fig.). Its
prophylactic introduction prolonged the life of mice in
2.0-3.1 times compared to the control group.

On the experimental models of the acute normobaric
hypoxia and the acute histotoxic hypoxia the antihypoxic
activity of Dezapur and Mexidol was almost identical.
When introducing Dezapur on these models of hypoxia
the life of animals was 2.5 and 2.1 times longer, and
it was not significantly different from the indicators of
Mexidol (2.4 and 2.0 times, respectively). The results
obtained are statistically unreliable (p>0.05).

In the acute hemic hypoxia the efficiency of Deza-
pur exceeded the similar effect of the reference drug in
1.19 times. The life of animals was 1.97 times longer
when introducing Dezapur and 1.65 times longer when
introducing Mexidol.

Dezapur and Mexidol showed the highest antihy-
poxic activity in relation to the control group on the
model of the acute hypobaric hypoxia. At the same time
the efficiency of Dezapur was 1.13 times higher than
that of Mexidol by the life expectancy in mice.

The data obtained concerning Mexidol coincide with
the results of other authors [6, 9].
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The effect of Dezapur on the survival of white mice under conditions

of different models of hypoxia (M+m), n=6

Table

Conditions of | Acute hemic hypoxia, h Normgbarlc . Acute histotoxic Acute hypobaric
. . ypercapnic hypoxia, . X Ae
the experiment min min hypoxia, min hypoxia, min
Dezapur 27.38+0.72*% 31.22 +0.21* 12.82+0.52* 21.97+0.58*
Mexidol 23.82+0.61% 30.40+0.26* 11.95+0.42* 19.51+0.72*
Control 13.11+0.73 13.33+£0.61 6.28 £0.96 7.18+0.25
Notes: * — p<0.05 compared to the control group. The survival of control animals is taken as 100%.
%
350 +
300 +
250 +
200 +
150 +
100 +
100%
50 +
0 | Il Il |

Normobaric
hypercapnic

Acute hemic

=3 Dezapur Mexidol

Acute hystotoxic

T T 1

Acute hypobaric

= Control

Fig. Duration of the animals’ life under conditions of different types of the acute hypoxia in prophylactic introduction of Dezapur, %:

The data obtained indicate that Dezapur in the dose
of 10 mg/kg and Mexidol in the dose of 100 mg/kg
show the expressed antihypoxic activity on all models
of hypoxia compared to the control group: hemic hy-
poxia in 2.09 and 1.82 times, hypercapnic hypoxia — in
2.35 and 2.29 times, on histotoxic hypoxia —in 2.04 and
1.9 times, hypobaric hypoxia — in 3.06 and 2.72 times,
respectively.

* — p<0.05 compared to the control group.

CONCLUSIONS

Under conditions of hemic, normobaric, histotoxic
and hypobaric hypoxia (in white mice) Dezapur (10 mg/kg,
single intragastric introduction) significantly prolongs
the life of animals in 2.1; 2.0; 2.4; 3.1 times, respective-
ly, and in this respect it is not inferior to the reference
drug Mexidol. It indicates the presence of significant
antihypoxant properties in the compound.
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BUBYEHHA AHTUTMNOKCUYHOI AKTUBHOCTI 1-©OEHETUN-5,7-OUTOPO-
1H-MIPONO[2,3-d]NIPUMIONH-2,4,6-TPUOHY HA PI3BHUX MOAENSAX rMNOKCIA
0.B.Ceeprokoe, B.A.Bosnkoeoli, O.B.KonicHuk, K.M.CumHik

Knroyoei cnoea: zinokcisi; 1-cbeHemur-5, 7-0uzidpo-1H-nipono[2,3-dlnipumiduH-2,4,6-mpuoH;
aHmueirlokcaHm mekcuoon

P03r108CoOXKeHHS 2iMOKCUYHUX CMaHig € HacliOKOM MopyLWEeHHST MO3KO8020, KOPOHapHO20 ma re-
pughepuyHozo kposoobizy, wo nompebye nodasbuio2o NowyKy pPevyo8uH, siKi 30amHi 3MeHWwyea-
mu HezamugHUU 8r1u8 2irNoKCii Ha MKaHUHU, nidsuwyrodu ix cmitikicms 00 einokcil. lNMpedcmaeneHi
QocnidxeHHs aHmMueinokcu4yHoi akmugHocmi 1-¢gpeHemur-5,7-0uzidpo-1H-nipono[2,3-dJnipumiduH-
2,4,6-mpuoHy (ymosHa Hasea «[e3anyp») Ha pi3HUX MOOESSIX 2ifoKcili (eeMiyHil, ainepkarnHivyHil,
eicmomokcuyYHiti ma 2inobapudyHitl) y criecmaerneHHi 3 npenapamom MOPIBHSIHHS — aHMU2iNOKCaH-
mom mekcudorniom. [esanyp y dosi 10 ma/ke ma mekcudon y 0o3i 100 ma/ke nposisunu supaxeHy
aHMueIiroKCcU4YHy akmueHicmb Ha 6cix audax 2ifMoKcill Mo 8i0HOWEHH 00 KOHMPOIIK — Ha 2eMidHil
einokcii 8 2,09 ma 1,82, Ha einepkanHidyHit — 8 2,35 ma 2,29, Ha eicmomokcuyHili — & 2,04 ma 1,9, Ha
einobapuyHiti — e 3,06 ma 2,72 pasu 8idrnosgioHo.

N3YYEHUE AHTUTUMOKCUYECKON AKTUBHOCTU 1-OEHETUN-5,7-AUrMOPO-1H-
NMUPPONO[2,3-d]MTMPUMUONH-2,4,6-TPUOHA HA PA3HbIX MOOENAX TMNOKCUNA
A.B.Cesprokos, B.A.Bonkoeoll, E.B.KonecHuk, K.M.CbimHuUk

Knroueesie cnoea: eurnokcusi; 1-gpeHemun-5,7-0ueudpo-1H-nuppono[2,3-djnupumuduH-2,4,6-
MPUOH; aHMU2urnoKcaHm MeKkcuoos

PacripocmpaHeHue 2urnoKCcUu4ecKUx CoOCmosiHUU sierisiemcsi criedcmeuem HapyWweHUsi Mo3208020, KO-
POHapHO20 U repughepuyeckoao KpogoobpaueHusi, Ymo mpebyem danbHeliuie2o noucka eeuwecms,
CMOCOBHbIX YMeHblWamb He2amueHoe 8/IUSHUE 2UMOKCUU Ha MKaHU, rosbiwas ux ycmol4yueocms
K eunokcuu. lNpedcmaesneHbl uccredosaHuUsi aHmuaurokcudyeckol akmueHocmu 1-¢gpbeHemun-5,7-
Queaudpo-1H-nuppono[2,3-djnupumuduH-2,4,6-mpuoHa (ycrioeHoe Ha3zeaHue «/[]esarnyp») Ha pas-
HbIX MOOESISIX 2UuroKcull (2eMuYeckou, a2urnepKanHU4ecKol, aucmomokcu4yeckol, aurnobapuyeckol).
lpenapam cpasHeHusi — mekcudorn. [e3arnyp e 0o3e 10 me/ke u mekcudon e do3ze 100 me/ke rpo-
S8UIU 8bIPaXXeHHY aHMU2UNOKCUYEeCKYI0 akmueHOCMb Ha 8cex audax 2urnokcul rno OMHOWeHU
K KOHmMporto — Ha eemudeckol eunokcuu 8 2,09 u 1,82, Ha aunepkarnHudeckol — 6 2,35 u 2,29, Ha
aucmomokcudeckol — 8 2,04 u 1,9, Ha eunobapudyeckoli — 8 3,06 u 2,72 paza cOOM8emcmeeHHO.
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