66

BICHWK ®APMALLIT 2(82)2015

Recommended by Doctor of Pharmacy, professor L.S.Strelnikov

UDC 615.281:577.112.34:547.466: 547.233.1/.4

THE EFFECT OF SUBSTITUENTS IN THE MOLECULES
OF N-, R-ALKYL AMINES ON SOME GRAM-POSITIVE
STRAINS OF MICROORGANISMS

M.Yu.Golik, N.A.Komissarenko, S.G.Leonova, T.P.Osolodchenko

National University of Pharmacy
State Institution “Institute of Microbiology and Immunology named after [.I.Mechnikov
of the National Academy of Medical Sciences of Ukraine”

Key words: N-, R-alkylamines, antimicrobial activity

The intensive use of antibiotics in patient care institutions often without determining specificity and
sensitivity to them leads to more rapid development of resistance to pathogens of nosocomial in-
fections; that is why it is one of the urgent problems of healthcare of Ukraine. The most common
gram-positive pathogens of nosocomial infections are Staphylococcus aureus, coagulase-negative
staphylococci and enterococci. In order to determine dependence of the microbiological action on the
nature of substituents in the molecules of N-, R-alkylamines some methyl, ethylamine, aminoalco-
hols, N-hydroxymethyl- and N-methyl-N-carboxymethylamines have been tested. In accordance with
the WHO recommendations to assess the antibacterial activity of N-, R-alkylamines the gram-positive
test strains — Staphylococcus aureus ATCC 25923 and Bacillus subtilis ATCC 6633 were used. The
aliphatic amines and aminoalcohols studied show a weak or moderate activity in relation to strains of
Staphylococcus aureus ATCC 25923 and Bacillus subtilis ATCC 6633. Compounds containing a car-
boxyl group and methyl radicals in the molecule exhibit the greatest antimicrobial activity in relation to
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the gram-positive strains of microorganisms under research.

Antibacterial agents are practically the only group
of drugs which effectiveness decreases with time due
to development of resistance. The intensive use of an-
tibiotics in patient care institutions often without deter-
mining specificity and sensitivity to them leads to more
rapid development of resistance to pathogens of noso-
comial infections; that is why it is one of the urgent
problems of healthcare of Ukraine. The main factors that
contribute to the increased disease incidence are: shortage
of medicines, antiseptics, detergents and disinfectants,
medical instruments, linen, sterilization equipment since
medical preventive institutions are forced to work in
conditions of the extremely limited funding; a signifi-
cant growth in the number of hospital strains that are
resistant to antibiotics and disinfectants, etc. [4].

The most common gram-positive pathogens of no-
socomial infections are Staphylococcus aureus, coagu-
lase-negative staphylococci and enterococci. The results
of the multicentre randomized trial SCOPE (USA) pub-
lished in 2004 indicate the predominance of gram-pos-
itive cocci in the etiological structure of nosocomial
bacteriemias [14].

This tendency creates significant problems since the
choice of antimicrobial agents intended to combat drug-
resistant gram-positive microorganisms is limited. It should
be also noted the fact that antibiotics are less than 5%
of the drugs being currently at the stage of drug develop-
ment [5], and as resistance to the medicines used de-
velops, there is a need in both creation of new drugs,
and correction of methods for using the existing ones.
Therefore, the research in development of drugs, including

vaccines and diagnostic agents, are of vital importance
for protection of future generations.

It is known that tertiary amine salts or quaternary
ammonium bases containing radicals with a large num-
ber of carbon atoms exhibit a strong bacteriostatic and
bactericidal action, as well as possess pronounced disin-
fectant properties [1, 8]. In literature there are data that
compounds with the number of carbon atoms from 5 to
16 are the most effective against microorganisms [6].

The aim of this work was to determine the effect of
various functional groups containing in the molecules
of N-, R-alkylamines derivatives on their antibacterial
activity in relation to some gram-positive strains of mi-
croorganisms.

Materials and Methods

In order to determine dependence of the microbio-
logical action on the nature of substituents in the mo-
lecules of N-, R-alkylamines the following groups were
tested: alkylamines (compounds I-VI), aminoalcohols
(compounds VII-I1X), N-hydroxymethyl-N-carboxyme-
thylamines (compounds X-XII), and N-methyl-N-carb-
oxymethylamines (compounds XIII-XV) (see Table).

The compounds under research were obtained from
commercial sources or synthesized according to the syn-
thetic schemes previously developed [2, 3, 6,9, 11-13].
Reagents were purchased from “Sigma-Aldrich” (USA)
and used without further purification. 1% Aqueous so-
lutions of compounds I-XV were tested.

In accordance with the WHO recommendations to
assess the antibacterial activity of N-, R-alkylamines
the gram-positive test strains — Staphylococcus aureus
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Table

Data of the study results of the antibacterial activity of 1% solutions of the samples under research

Test strains/inhibition zones, mm
Compound The structural formula Staphylococcus aureus Bacillus subtilis
ATCC 25923 ATCC 6633
| HN— 10 (Ls.)* 0.1 10 (Is) 0.1
I —N— 10 (s.) £ 0.1 10 (s.) £0.1
I | 15 (s.) £ 0.1 15 (ls.) £ 0.1
—_ N —_—
\Y NH,~ > 10 (ls) 0.1 10 (ls) £0.1
Vv STTNTN 12 (ls.) £0.1 10 (s.) £0.1
Vi 10 (Is) £ 0.1 10 (Is) £ 0.1
N (is) (i)
Vil H,N"\_—0oH 10 (l.s.) £ 0.1 10 (Is.) £ 0.1
Vil HO™ N\ N"\__oH 13 (ls.) £0.1 10 (s.) £0.1
OH
IX S 20(s)+0.2 21(s)+0.2
HO/\/N/\/OH
(0]
HN
X J /Y 20(s)+0.2 17 (s) £0.2
OH
HO
PN O
HO N
XI P /Y 20(s) 0.2 25(s) £ 0.2
OH
HO
HO
/J o
XII HO j‘/\of or 21(s)+0.2 25(s.)+0.2
HO
0
XIll A oH 40 (h.s) £0.3 39 (hs) 0.3
_NH
0
XIV 2 oH 40 (h.s) £0.3 39 (h.s) + 0.3
N
(0]
XV . Mg 42 (h.s) £03 39 (hs)+0.3
__N_
|

* Note: |s. - low sensitivity of the culture to the given concentration of the test substance; s. - sensitivity of the culture to the given
concentration of the test substance; h.s. — high sensitivity of the culture to the given concentration of the test substance.

ATCC 25923 and Bacillus subtilis ATCC 6633 were used.
The suspension of the test microorganism was prepa-
red according to the method [10]. Standardization of the
bacterial suspension of microorganisms prepared was
carried out using a Densi-La-Meter device (manufac-
tured by PLIVA-Lachema, Czech Republic). Synchroni-
zation of cultures by changing the cultivation tempera-
ture was achieved with a single effect of low temperature

(4°C). Microbial load was 107 microbial cells per 1 ml of
the medium and set up according to McFarland standard.
We worked with 18-24 hour culture of microorganisms.

For studies Mueller-Hinton agar (“HIMedia Labo-
ratories, Pvt. Ltd India” the shelf life of the medium to
X1 2016, manufactured by India) was used.

Diffusion of the drug into the agar was conducted
by the “wells” method [7]. When assessing the activity
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of compounds I-XV, as well as when studying antibio-

tic-resistant strains the following criteria were used:

» the absence of inhibition zones of microorganisms
around the well, the diameter of the inhibition zone
to 10 mm indicates that the organism is insensitive
to the drug introduced into the well or to the antibi-
otic concentration;

* inhibition zones with the diameter of 10-15 mm in-
dicate a low sensitivity of the culture to the given
concentration of the test substance;

* inhibition zones with the diameter of 15-25 mm as-
sessed as an indicator of the sensitivity of a micro-
organism to the test substance;

e inhibition zones, which diameter exceeds 25 mm,
indicates the high sensitivity of microorganisms to
the test substance.

Results and Discussion
A low sensitivity of the set of microorganisms used
to the action of aliphatic amines I-VI was determined.

The antimicrobial activity of aminoalcohols VII-IX was

slightly higher, and its enhancement is observed with

increasing the number of hydroxyethylene radicals in
the molecule. Compounds X-XII containing a carboxyl
and hydroxymethyl group in the molecule was more

active, with the increasing number of hydroxyethylene
groups the inhibition zones were 20-21 mm for Staphy-
lococcus aureus and 17-25 mm for Bacillus subtilis.

Compounds containing a carboxyl group and methyl
radicals appeared to be the most promising among the
compounds tested. It is this combination of substituents
that contributes to a high microbicide activity in relation
to Staphylococcus aureus and Bacillus subtilis. Increase
of the number of methyl radicals in the molecules of
compounds XIII-XV leads to a significant increase in
activity — the inhibition zones are 39-42 mm.

CONCLUSIONS

1. The effect of various functional groups contain-
ing in the molecules of N-, R-alkylamines derivatives
on their antibacterial activity in relation to some gram-
positive strains of microorganisms has been determined.

2. The aliphatic amines and aminoalcohols studied
show a weak or moderate activity in relation to strains
of Staphylococcus aureus ATCC 25923 and Bacillus
subtilis ATCC 6633.

3. Compounds containing a carboxyl group and me-
thyl radicals in the molecule exhibit the greatest antimi-
crobial activity in relation to the gram-positive strains
of microorganisms under research.

REFERENCES

1. Aumucenmuku 6 npoghunaxmuxe u neveruu ungexyuii / I100 peo. I'K.Ilanus. — K.: 30oposwe, 1997. — C. 108.
booros C.C., Cmupnos C.K. Cununvnas xucioma. — M.: Xumus, 1970. — C. 172.
3. Beiieano — Xunveemae. Memoowt sxcnepumenma 6 opeanuyeckou xumuu / Ilep. ¢ nem. — M.: Xumus, 1968. —

944 c.

4.  Buympubonvruunvle ungexyuu.: npooaemvl u pewenus [dnexmponnsiii pecypce] / Kypuan «3amecmumens
2nasHo2o spavay. unmepuem-sicypu. — 2008. — Boin. 6. — Pesicum docmyna: http://www.zdrav.ru/articles/prac-

tice/detail. php?ID=76435

5. Bcemupnas Opeanuzayus 30pasooxpanenus 2015. Eeponeiickoe pecuonanvroe 01opo [Dnekmponnwiil pecypc] —
Pescum 0ocmyna: http://'www.euro.who.int/ru/health-topics/disease-prevention/antimicrobial-resistance/anti-

biotic-resistance/frequently-asked-questions.

6. Tonoonuxos I'B., Manoenvwmam T.B. [lpaxmuxym no opeanuueckomy cunmesy. — J1.: M30-60 Jlenunepadckoeo

yuusepcumema, 1976. — C. 372.

7. Hepotcasna chapmarones Ykpainu / [lepoicasre nionpuemcmeso «Haykogo-excnepmmuuil (hapmaxonetinuil yeHmpy. —

1-e 6u0. — X.: PIPET; 2011. — [on. 4. — 536 c.

8. Ilpaxmuueckoe pyko8oocmeo no duoioeuueckol 6e30nacHocmu 8 1abopamopHuix yciosusx. 3-e u3od. — Bee-
mupnas Opeanuzayus 30pasooxpanenus. Kenesa, 2004. — 190 c.

9. Pabunosuu B.A., Xasun 3.4. Kpamxuii xumuyeckuii cnpagodnux. — 3-e u30., nepepad. u oon. — JI.: Xumus,

1991. — 432 c.

10. Cmanoapmu3zayis npueomyaHHs MiKpOOHUX cycnensitl. IHpopmayitinuil 1ucm npo HOBOBEEOCHHs Y CUCMEMI
0xopoHu 300poe s Yrpainu Nol163-2006. — Kuis, 2006.

11. Gallant R.W. // Hydrocarbon Processing. — 1973. — Vol. 52, Nell. — P. 150.

12. Kirk-Othmer encyclopedia, 3-rd ed. — Vol. 1. — N.-Y., 1978. — P. 944.

13. Kirk-Othmer encyclopedia, 3-rd ed. — Vol. 2. — N.-Y., 1978. — P. 272-282.

14. Wisplinghoff H., Bischoff T, Tallent S.M. et al. // Clin. Infect. Dis. — 2004. — Ne39. — P. 309-317.



ISSN 1562-7241 NEWS OF PHARMACY 2(82)2015

69

BMIMB 3AMICHUKIB B MOJNIEKYNAX N-, R-ANKJTAMIHIB HA OEAKI TPAMNO3UTUBHI
LUTAMU MIKPOOPIAHI3MIB

M.KO.lNonik, M.A.KomicapeHko, C.I"JleoHoea, T.[1.0cosio04eHKO

Knrouoei cnoea: N-, R-ankinamiHu;, aHmumikpobHa akmuegHicmb

IHmeHcusHe 3acmocysaHHsI aHMUBIOMUKI8 y JiKapCbKUX ycmaHogax, Yacmo 6e3 8U3Ha4YeHHs crieyu-
iku ma yymnugocmi 00 HuUx, npu3eodums 00 binbw WeUdKo20 Po38UMKY cmilikocmi 00 30yOHUKIg
8HYMPIWHBOIKaPHAHUX IHDEKYil, WO € 0OHIEr 3 akmyarbHUX npobriemM 0xXopoHU 300po8’s YKpaiHu.
Haulibinbw po3nosctodxeHUMU 2pamno3umusHuMu 36yOHUKaMu 8HYMPIUHbOMIKapHAHUX iHGheKUil
€ Staphylococcus aureus, koazgyrnasoHe2amueHi cmacghiflokKOKU ma eHmepoKoKU. 3 Memoro ecma-
HOBIEeHHS 3aexHocmi aHmuMikpobHoi Oii 8id npupodu 3amicHukie 8 monekynax N-, R-ankinamidie
bynu npomecmosaHri desiki Memuri-, emunamidu, amiHocriupmu, N-zidpokcumemur- ma N-memur-N-

kapbokcumemunamiHu. Y 8idnosiOHocmi 0o pekomeHdayiti BOO3 0nsi oyiHku aHmubakmepianbHol

akmusHocmi N-, R-arnkinamiHie eukopucmosyeasu epamrno3umusHi mecm-wmamu Staphylococcus
aureus ATCC 25923 ma Bacillus subtilis ATCC 6633. o sidHoweHH0 do wmamig Staphylococcus
aureus ATCC 25923 ma Bacillus subtilis ATCC 6633 docnidxyeaHi anichamuyHi amiHu ma aMiHo-
criupmu susiernsoms crabky abo nomipHy akmueHicms. Hadbinbwy aHmumikpobHy akmugHicmb 00
0ocrnidxKys8aHUX epaMrno3umuUeHUX Wmamie MiKpoop2aHi3Mie rnposiensiome CrosyKu, Wo Micmsamsb y
mornekynax kapboKcunbHy 2pyrny ma MemuribHi padukasnu.

BINMUAHUE 3AMECTUTEJNIEN B MOJIEKYJIAX N-, R-ATIKUITAMUHOB HA HEKOTOPBIE
FPAMMNONOXWUTENBbHbIE LULTAMMbI MUKPOOPITAHU3MOB

H.KO.lNonuk, H.A.KomuccapeHrko, C.I"JleoHoea, T.I[1.Ocosro04yeHKo

Knroueenie cnoega: N-, R-ankunamuHbl;, aHmMuMUkpobHasi akmueHoCMmb

WHmeHcugHoe ucrornb308aHUe aHMUBGLOMUKO8 8 JIEYEBHbIX yYPEXXOeHUsIX, 3a4acmyto 6e3 onpedeneHust
creyugbuku U 4yecmeumeribHoCmu K HUM, rpusodum k 6oriee 6bicmpoMy pa3sumuto yecmoliyusocmu
K 8036ydumensiM eHympuboIbHUYHBIX UHGhEKYUU, Ymo sierissemcss 00HOU U3 akmyaribHbIX npobrem
30pasooxpaHeHuUs1 YKpauHbl. Haubonee pacripocmpaHeHHbIMU 2paMMIIoNoXumernbHbiMu 6036youme-
namu eHympuborbHUYHBIX UHGbekyul sensaomes Staphylococcus aureus, Koagyna3oHe2amueHble
cmachuioKOKKU U IHMePOKOKKU. C Uerbro ycmaHo8eHus 3agucuMocmu aHmumMukpobHoeo Oelicmeust
om npupodsi 3amecmumerieli 8 Mornekynax N-, R-ankunamuHos 6biru npomecmuposaHbl HEKOMopble
Memur-, amunamuHsbl, amuHocrnupmsl, N-eudpokcumemur- u N-memun-N-kapbokcumemunamuHsbl.
B coomeemcmeuu ¢ pekomeHdayusmu BO3 0ns oueHku aHmubakmepuasbHol akmusHocmu N-,
R-ankunamuHo8 ucrnonb308asu epaMMionoxXumesbHbie mecm-wmammbi — Staphylococcus aureus
ATCC 25923 u Bacillus subtilis ATCC 6633. o omHoweHuro Kk wmammam Staphylococcus aureus
ATCC 25923 u Bacillus subtilis ATCC 6633 uccnedyembie anughamudeckue aMuHbl U aMUHOCIUPMEbI
nposienstom crabyro unu yMepeHHyo akmusHocms. Haubonbwyro aHmuMUKpo6HY0 akmueHoOCMb
K uccrnedyemMbiM 2paMMIoNoXUMeEbHbIM WmaMMaM MUKPOOP2aHU3MO8 rposiesisitom COeOUHEHUS],
codepxxawjue 8 MosieKynax KapboKCUbHYO 2pyrny U MemursibHble paduKaribl.



