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With the emergence of many strains of
multidrug-resistant bacteria interest has been renewed in
new antimicrobial agents. Cationic peptide antibiotics,
which have been isolated from organisms ranging from
bacteria to animals, have received considerable attention
in part because of their broad spectrum of activity[1].
Generally, the targets of these antibiotics are bacterial
membranes [2]. It was recently reported about the
activities of series of membrane-active cationic cholic
acid derivatives with potent antimicrobial activities that
might share mutual aspects of action’s mechanism with
cationic peptide antibiotics [3,4]. The bactericidal action
was shown on the examples of these compounds(cholic
acids derivatives) to a broad spectrum of gram-negative
and gram-positive organisms. Other cholic acid
derivatives were weakly active against gram-negative
organisms, but effectively permeabilized the outer
membranes and sensitized the bacteria for hydrophobic
antibiotics such as erythromycin and rifampicin. To better
characterize the cholic acid derivatives, it has been
measured their antibacterial activities against multidrug-
resistant bacteria, including both gram-negative and
gram-positive microorganisms. In addition, it has been
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measured the abilities of the cholic acid derivatives to
sensitize multidrug-resistant gram-negative bacteria. This
ability may enhance effect of antibiotics that can be used
against these organisms [5].

A feature of membrane-active antimicrobial
agents is often display of haemolytic properties that may
be an impediment to their systemic use [2]. The rate
(extent) of haemolytic properties of the cholic acid
derivatives, as it was reported, has ranged from very
haemolytic to weakly haemolytic [3]. The analysis of the
literature has shown that the study of antimicrobial action
of cholic acid derivatives almost wasn’t held in these
latter days whereas other pharmacological actions of
cholic acid derivatives were the subject of study. This
work is dedicated to new steriomeric compounds-the
derivatives of cholic acid with the weakest haemolytic
activity and potentially powerful antimicrobial action[3].

As it was previously reported, bile acids have a
suppressive effect on the microflora [1-9], so it was
interesting to investigate the activity of a/p-amino bile
acids’ stereoisomers to determine whether there is a
difference in their effects on the microflora. Based on the
research  concerning the optical structure and
pharmacological action of stereoisomers of the same
substance it was found that many enzymes, hormones,
neurotransmitters and amino acids alter their
pharmacological properties depending on the stereo-
configuration [10]. Therefore, 2 stereoisomers of cholic
acid derivative were taken for this analysis. 3D structures
of 3B-amino-7a, 12a-dihydroxy-5p-cholanic acid and 3a-
amino-7a, 12a-dihydroxy-5p-cholanic acid are shown in
Fig. 1 and Fig. 2 and built using "ChemBioOffice
ChemBio3D Ultra 12.0"

Figure 1. Spatial structure of 3-amino-7a,12a-dihydroxy-58-cholanic acid
reaction than 3a-isomer is needed, so due to it, it makes
possible the blocking of bacterial metabolism.

We assumed that bacteria which used bile acids

In the 3D-model 3B-amino-7a,12a-dihydroxy-
5B-cholanic acid has a more unfavorable position of the
amino group at the 3rd carbon atoms and requires a large
amount of energy of activation and stricter conditions of

more intensively in their metabolism were more
vulnerable to 3P stereoisomer. It may serve as antagonist-
substrate for receptors and enzymes of microorganisms.
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Figure 2. Spatial structure of 3a-amino-7a,12a-dihydroxy-5p-cholanic acid

The source materials (3a-and 3f-amino-7a-12a-
dihydroxy-5B- cholanic acid) were obtained by sequential
stereochemical synthesis in the laboratory of the National
University of Pharmacy based on the isolated from
birds’(chickens’) bile and purified cholic acid.

Materials and methods

The study of antibacterial properties of
compounds was performed by the method of a diffusion
in agar in the laboratory of Microbiology in the National
University of Pharmacy. As it was recommended by the
World Health Organization (WHO) for assessing the
activity of drugs we used reference test cultures:
Staphylococcus aureus ATCC 26923, Escherichia coli
ATCC 25922, Pseudomonas aeruginosa ATCC 27853,
Bacillus subtilis ATCC 6633, Candida albicans ATCC
885/653, Proteus vulgaris ATCC 4636. Microbial
load(filling) was equaled to 1,5x10° microbial cells per 1
ml of solution and it was determined by standard of
(0.5)McFarland(McF). In this paper we use the 18-24
hour culture of microorganisms. Also we used Mueller-
Hinton agar (Dagestan NIl of nutrient media) for studies.
According to method of "wells" we performed the
determination of antibacterial activity in two layers of
solid medium, poured into Petri dishes. In the bottom
layer we used "hunger" non-planted medium (agar-agar,
water, salt). The bottom layer was a 10 mm height
substrate on which we set(placed) 3-6 thin horizontal
cylinders of stainless steel. Their diameter is 8 mm and
height 10 mm.
We filled the Petri dish with top layer that consisted of
nutrient agar medium, it was melted and cooled to 40 °C,
in which we added an appropriate standard amount of
daily test-culture. Before filling the upper layer was
mixed well until a homogeneous mass was formed. After
hardening cylinders were pulled out of the hole by sterile
tweezers, then we placed test substance into hole in
according amount to it’s size. Diameter of the well for
the upper layer was ranged from 14 to 16 mm. Petri
dishes were dried for 30-40 min. at room temperature and
then they were placed in a thermostat at temperature of 37
° C for 18-24 hours and for the yeast similar fungus
Candida albicans we placed in a thermostat for 24-48
hours.

The standard of microbial suspension was
1,5x10® microbial cells in 1 ml standardized using 0,5
MCcF standart solution. When evaluating an antimicrobial
properties we took into account the following criteria:

- absence of zones of microbial growth delay
around the holes, and zones of delay up to 10 mm indicate
that the organism is not sensitive to sample placed into the
hole;

- zones of microbial growth delay 10-15 mm in
diameter indicate low sensitivity of culture to testing
concentration of antibacterial substances;

- zones of microbial growth delay 15-25 mm in
diameter are characterized as an indicator of the
sensitivity of the microorganism to the test sample;

- zones of microbial growth delay which exceeds
25 mm in diameter indicate a high sensitivity of
microorganisms to samples.

Quantitative evaluation of antimicrobial activity
was evaluated by method of serial dilutions. The method
consists of determination of the minimal inhibitory
concentration (MIC), which describes the bacteriostatic
properties of objects of study. In the first tube we placed
the concentration of the substance, which was 1000.0
mcg/ml, then we diluted by the nutrient broth in 2 times.
From the first test tube by the rolling over we took 1 ml of
diluted investigated substance. The concentration of
substances was 1) 500,0 mcg/ml; 2) 250,0 mcg/ml; 3)
125,0 mcg/ml; 4) 65,5mg/ml; 5) 31,2 mcg/ml; 6) 15,6
mcg/ml 7) 7,8 meg/ml;8) 3,9 mcg/ml; 9) 2,0 meg/ml; 10)
1,0 mcg/ml. In each tube we placed 0.1 ml of
standardized  microbial cells of test cultures
(Staphylococcus aureus ATCC 26923, Escherichia coli
ATCC 25922, Bacillus subtilis ATCC 6633,
Pseudomonas aeruginosa ATCC 27853, Candida
albicans ATCC 653/885, Proteus vulgaris ATCC 4636).
We cultivated cultures for 24-48 h., in test tubes, where
was no growth (no clouding) we measured MIC. From
last 3 tubes in which there were no clouding, we made
hanging on nutrient agar and determined the MBC
(minimum bactericidal concentration)[11-15].

Results and discussion
The results of antimicrobial activity indicate that
the investigated substances have a wide(broad) spectrum
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of antibacterial properties regarding cultures of aerobic
bacteria and fungi. Results of the study of growth delay
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are presented in Table. 1

Table 1 Antimicrobial activity of substances regarding aerobic bacteria and fungi

Test cultures The diameters of the zones of growth delay of microorganisms, mm
3p-amino-7ae,12a- 3a-amino-7a,12a- 3a,7a,12a- trihydroxy-5p-
dihydroxy-58-cholanic dihydroxy-5@-cholanic cholanic acid(cholic acid)
acid acid

Staphylococcus aureus 26.50+1.10 23.00+0.9 16.00+0.57

ATCC 26923

Escherichia coli ATCC 25.50+1.2 27.30+1.2 18.20+0.10

25922

Pseudomonas aeruginosa 9.40+1.1 15.80+0.95 17.00+0.57

ATCC

27853

Proteus vulgaris ATCC 20.50+1.2 17.60+0.95 6.50+0.76

4636

Bacillus subtilis ATCC 21.70+1.1 16.50+1.05 08.50+0.29

6633

Candida albicans ATCC 23.40+0.45 26.20+1.15 09.85+0.46

653/885

Notice. n=3

Both isomers have showed high antimicrobial
activity, the highest it was to the culture of
Staphylococcus aureus, Escherichia coli, Proteus
vulgaris, Candida albicans. Areas of growth delay of
isomer compounds were comparable and didn’t show big
difference(4+0.9 mm).

Concerning other cultures isomers showed a
moderate effect, but it should be noted that the activity of
both compounds was higher than the corresponding
activity of cholic acid. Data of antimicrobial action of
cholic acid coincided with earlier studies by other
researchers [9]. As it was assumed, there was a difference
in the effects of different isomers on the microflora: 33

isomer showed the greatest effect to Proteus vulgaris and
Bacilus subtilis, growth delay was observed at lower
concentrations than in cultures with the alpha isomer. But
3B-isomer did not cause growth delay of Pseudomonas
aeruginosa.

The value of MIC (Table 2) describes the
bacteriostatic properties of the described compounds
regarding the aerobic bacteria and fungi, which is
consistent with the literature data about the antimicrobial
activity of bile acids derivatives. In our study we
succeeded to confirm the literature data about the MIC of
cholic acid

Table 2 Determination of the MIC against aerobic bacteria and fungi

Test-cultures MIC, mcg/ml
3p-amino-7a,12a- 3a-amino-7a,120- 3a,70,12a- trihydroxy-5p-
dihydroxy-58-cholanic dihydroxy-58-cholanic cholanic acid(cholic acid)
acid acid

Staphylococcus aureus 300+21.2 350+15.8 550+17.4

ATCC 26923

Escherichia coli ATCC 350+11.5 300£17.5 350+15.3

25922

Pseudomonas aeruginosa >1000 600+19.1 500+18.5

ATCC

27853

Proteus vulgaris ATCC 450+10.8 800+17.4 >1000

4636

Bacillus subtilis ATCC 400+14.5 600+16.2 >1000

6633

Candida albicans ATCC 400+18.3 350+21.1 850+13.5

653/885




Annals of Mechnikov Institute, N 2, 2014
www.imiamn.org.ua /journal.htm

Notice. n=3

According to MIC values for both isomers their
antimicrobial action are 2 times higher than the effect of
cholic acid. An exception was the effect of 3f-amino-7a,
12a-dihydroxy-5B-cholanic acid on the inhibition of
Pseudomonas aeruginosa and concentration was
significantly  higher(>1000mcg/ml) but the exact
concentration wasn’t established.

Exact mechanism of antimicrobial action is still
unclear, perhaps the presence of antimicrobial activity
associated with surface activity on membranes, but there
is a assumption that bile acids alter the structure of the
cell membrane[2] and disrupt normal metabolism on
it[7,10]. Finally it should be noted that all substances has
showed fungistatic or fungicidal action.

Conclusions

1. All  compounds showed wide spectrum of
antimicrobial activity and might be used as potential
antibiotics.

2. We confirmed our assumption about the activity of
different isomers of amino functionalized cholic acid.
Also substances are perspective for further study in vivo.
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AHTHUMIKPOBHA AKTUBHICTb
CTEPEOI3OMEPIB XOJIAHOBOI KUCJIOTH B
TMOPIBHSAHHI 3 XOJEBOM KUCJOTOIO HA
TECT-IUITAMAX MIKPOOPI'AHI3MIB

Bapcyk /. O., Crpemoyxos O.0., Koajenko C. M.

Y craTti  NpenCTaBiIeHO — pe3yJbTaTd  BHUBYCHHS
MikpoOiosioriuHoi akTuBHOCTI 300 Ta 3 amiHO JKOBYHMX
KUCJIOT. BusiBeHa BHpakeHa aHTUMIKpPOOHA AKTHBHICTb.

HasiBHICTD Ta CHEKTp aHTUMIKpOOHOT aKTHBHOCTI
BUSIBISUIM  METOJIOM CEpIHMX pO3BENECHb Yy LIUILHOMY
TIO>)KUBHOMY CepeIoBHIL Ta MOKa3aJu K

OakTepiocTaTUUHUI TaK 1 OaKTepilnAHUIA eQeKTH.

16. KmouwoBi croBa: >KOBYHI kwcimotH, 30 Ta 3
crepeoizoMepn  3-aMiHO-70, 1 20-IUTiIpOKCH-53-X01aHOBOT
KUCIIOTH, AaHTHMIKpOOHa AaKTHUBHICTh, MiKpOOIOIOTIYHMI
CKpPUHIHT.
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AHTUMUKPOBHASI AKTUBHOCTD
CTEPEOM30OMEPOB XOJIAHOBOM KMCJIOTbI B
CPABHEHWH C XOJEBOM KUCJIOTOM HA TECT-
HITAMMAX MUKPOOPI'AHU3MOB

Bapcyk /1. O., Ctpemoyxos A.A., KoBasenko C.H.

B cratee mpeacraBieHbl  pe3ynbTaThl  U3yUYEHHS
MHUKpPOOHOJIOTHYECKOH aKTHBHOCTH 300 M 3 [ aMuHO
JKEITIHBIX KHCJIOT. BrisBnena BbIpa)KEHHast
AQHTUMHMKPOOHAs aKTUBHOCTh. Hammume W crexTp
QHTUMHMKPOOHOW  aKTMBHOCTH  BBIABISZIM ~ METOJIOM
CEepUIHBIX Pa3BEACHUM B MJIOTHOM MUTATENBLHOU Cpefe U
MoKa3amu  Kak  OakTepHOCTaTHYeCKHH, Tak u
GaxTepuIHuIHUNA Y PEKTHI.

Knmiouegvlie cnosa: >KemdHble KUCIOTHL, 30- Ta 3f

3-amuHO-7 0, 120-AUrHAPOKCH-5 -
AQHTUMHUKPOOHAsT ~ aKTHBHOCTB,

CTepEeoU30MephI
XOJJAHOBOM  KHICJIOTBHI,
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MHUKPOOHOJIOTHIECKHAH CKPUHIHT
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ANTIMICROBIAL ACTIVITY OF CHOLANIC
ACIDS’ STEREOISOMERS COMPARED TO
CHOLIC ACID ON THE TEST CULTURES OF
MICROORGANISMS

Barsuk D.O., Stremouhov O.0., Kovalenko S.M.

The paper presents the results of a study of microbiological
activity 3a and 3 amino bile acids. We revealed high
antimicrobial activity. The availability and range of
antimicrobial activity were revealed by the method of serial
dilutions in a solid nutrient medium and shown as
bacteriostatic as bactericidic effects.
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