Bioorganic Chemistry

https:/ /doi.org/10.7124 /bc.000B2F
UDC 577.18, 579.61

G.P. Volynets'?, M.I. Gumeniuk?, S.S. Lukashov?,
V.M. Sapelkin?’, V.G. Bdzhola’, O.A. Bieda'?,
A.O. Prykhod’ko"?, L.V. Pletnova’, S.M. Yarmoluk*

! Institute of Molecular Biology and Genetics, NAS of Ukraine
150, Akademika Zabolotnoho Str., Kyiv, Ukraine, 03143
2 LLC “Scientific service company “Otava”
150, Akademika Zabolotnoho Str., Kyiv, Ukraine, 03143
*SI”F.H. Yanovskyi National Institute of Phthisiology and Pulmonology, NAMS of Ukraine”
10, Mykoly Amosova Str., Kyiv, Ukraine, 03038
g.p.volynets@gmail.com

THE ANTI-ACINETOBACTER BAUMANNII

THERAPEUTIC POTENTIAL OF 6-CHLORO-4-OXO-
4H-CHROMENE-3-CARBONITRILE

Aim. Acinetobacter baumannii is a Gram-negative opportunistic pathogen responsible for a wide spectrum of hospital-
acquired infections. This bacterium has acquired resistance to nearly all existing antibiotics, including aminoglyco-
sides, quinolones, broad-spectrum p-lactams, carbopenems, polymyxins and even colistin which is a last-line antimi-
crobial agent, providing the stimulus to search for novel antibiotics. The aim of this study is to identify novel anti-
Acinetobacter baumannii agents among 4H-chromen-4-one derivatives. Methods. 88 4H-chromen-4-one derivatives
were tested by broth microdilution against five bacterial pathogens such as Staphylococcus aureus, Escherichia coli,
Klebsiella pneumonia, Acinetobacter baumannii, Pseudomonas aeruginosa and toward two fungal pathogens such as
Candida albicans and Cryptococcus neoformans. Results. Among the derivatives we have found two active com-
pounds — 6-Chloro-4-oxo-4H-chromene-3-carbonitrile (1) inhibiting growth of C. albicans (MIC = 0.5 mg/L) and
C. neoformans (MIC = 0.25 mg/L) and 6-Chloro-3-(6-hydroxy-3-oxo-3H-benzofuran-2-ylidenemethyl)-chromen-
4-one (2), inhibiting growth of C. neoformans (MIC = 16 mg/L). In addition, compounds 1 and 2, at a concentration of
32 mg/L, inhibited the growth of A. baumannii ATCC 19606 by 24.8% and 23.7%, correspondingly. Compound 1 was
revealed to inhibit the growth of multidrug resistant clinical isolate A. baumannii Ne144 with MIC value of 32 mg/L.
Also, it was established that this compound is not cytotoxic toward HEK293 cells. Conclusions. Therefore, 6-Chloro-
4-oxo0-4H-chromene-3-carbonitrile can be promising candidate for further research and chemical optimization.
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Introduction

Acinetobacter baumannii is a common cause of
hospital- and community-acquired infections,
ranging from minor wound infections to severe,
life-threatening diseases such as pneumonia, cys-
titis, pyelonephritis, meningitis, brain abscesses,
bloodstream infections, etc. [1, 2]. This pathogen
has developed resistance to almost all available
antibiotics [3—6]. At present, the last line of de-
fense for treating infections caused by multidrug-
resistant A. baumannii is colistin, however, cases
of resistance to this antibiotic have already been
reported [7—11]. Notably, no new class of anti-
bacterials has been introduced in the past 50 years
for managing A. baumannii infections [12, 13],
highlighting the urgent need for development of
novel therapeutic options.

The derivatives of chromen-4-one possess a
wide range of bioactive properties, including
some compounds showing antimicrobial activity
against Gram-positive and Gram-negative bacte-
ria. For example, natural 4H-chromen-4-one de-
rivative from marine Streptomyces demonstrates
potent antibacterial activity toward Bacillus sub-
tilis with MIC value of 0.25 mg/L and Micrococ-
cus luteus with MBC value of 0.5 mg/L [14]. Sev-
eral pyrimidine-containing 4H-chromen-4-one
derivatives possess significant inhibitory activi-
ties in vitro against Xanthomonas axonopodis pv.
Citri, Xanthomonas oryzae pv. Oryzae and Ral-
stonia solanacearum [15].

Antibacterial molecular action of 4H-chromen-
4-one is not known. The most possible molecular
mode of action is inhibition of an essential bacterial
enzyme (e.g., DNA gyrase, DHFR, or another repli-
cative/metabolic enzyme) since several chromene
derivatives such as 2-imino-2H-chromene-3-car-
boxamide core was reported to inhibit DNA gyrase
and DHFR [16]. Also, given the planar aromatic na-
ture of chromenes, there is a possibility of DNA in-
tercalation or binding.

The aim of this study is to identify novel anti-
microbial agents among 4H-chromen-4-one de-
rivatives.

Materials and Methods
Antibacterial assay

The bacterial strains Staphylococcus aureus ATCC
43300, Escherichia coli ATCC 25922, Klebsiella pneu-
monia ATCC 700603, Acinetobacter baumannii
ATCC 19606 and Pseudomonas aeruginosa ATCC
27853 were grown overnight at 37 °C in cation-ad-
justed Mueller-Hinton broth (CAMHB). Each over-
night culture was diluted 40-fold in fresh CAMHB
and incubated at 37 °C for 1.5—3 h to reach the mid-
logarithmic growth phase. The mid-log cultures
were then further diluted (CFU/mL determined via
OD600 measurement) and dispensed into com-
pound-containing wells to achieve a final cell density
of 5 x 10° CFU/mL in a total volume of 50 uL. Plates
were covered and incubated at 37 °C for 18 h without
shaking. Bacterial growth inhibition was assessed by
measuring absorbance at 600 nm (OD600) with a
Tecan M1000Pro monochromator plate reader. For
each well, the percentage of growth inhibition was
calculated using the negative control (medium only)
and the positive control (bacteria without inhibitors)
from the same plate as reference points.

Antifungal assay

Fungi strains Candida albicans ATCC 90028 and
Cryptococcus neoformans var. grubii ATCC 208821
were cultured on Yeast Extract-Peptone-Dextrose
(YPD) agar at 30 °C for 3 days. A yeast suspension of
1 x 10° to 5 x 10° CFU/mL, determined by OD530,
was prepared from five colonies. The suspension was
diluted and dispensed into compound-containing
wells to obtain a final fungal cell density of 2.5 x 10°
CFU/mL in a total volume of 50 L. Plates were cove-
red and incubated at 35 °C for 36 h without shaking.
Growth inhibition of C. albicans was determined by
measuring absorbance at 530 nm (OD530). For
C. neoformans, inhibition was evaluated by measu-
ring the absorbance difference between 600 nm and
570 nm (OD600—570), after addition of resazurin
(0.001% final concentration) and incubation at 35 °C
for additional 12h. Absorbance was recorded with a
Biotek Synergy HTX plate reader.
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Different OD values were used to measure the
growth of C. albicans and C. neoformans because of
differences in their cell structure and growth rate.
C. albicans has larger, non-encapsulated cells that scat-
ter light strongly, while C. neoformans has a thick poly-
saccharide capsule that reduces light scattering and
grows more slowly, requiring lower absorbance values
and longer incubation for accurate measurement.

The minimum inhibitory concentration (MIC)
was determined as the lowest concentration at
which microbial growth was fully suppressed, cor-
responding to an inhibition of > 80%.

Antibacterial assay toward A. baumannii

A. baumannii bacterial suspensions were prepared
from the 24-hour microbial cultures with sterile sa-
line 0.9% at a cell density of 1.5 x 10® CFU/ml, corre-
sponding to a 0.5 McFarland standard using a Densi-
La-Meter (PLIVA-Lachema Diagnostika, Czech Re-
public). The serial dilution method was used to de-
termine the MIC values of compounds 1 and 2. In

the tubes containing Mueller-Hinton broth with ap-
propriate concentrations of investigated compounds
1 and 2, standard antibiotic ciprofloxacin or DMSO,
the microbial suspension (5 x 10° CFU/mL) was
added. The tubes were incubated at 37 °C for 18—
20 hours. Results were assessed visually by the pres-
ence or absence of turbidity in the broth. The drug
concentration in the last tube (in a series of twofold
dilutions of the sample) showing a clear medium was
considered the MIC of the compound.

The minimum bactericidal concentration (MBC)
was determined by plating 0.1 mL from tubes sho-
wing no visible growth onto Mueller-Hinton agar,
followed by incubation at 37 °C for 24 h. The MBC
was defined as the lowest concentration yielding no
colony growth.

Cytotoxicity assay

Cytotoxicity of compound was evaluated using hu-
man embryonic kidney 293 (HEK293) cells. Cells
were counted with a Neubauer haemocvtometer and

Table 1. Structures and antimicrobial activity (percentage growth inhibition) for compounds 1 and 2 at 32 mg/L
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seeded into 384-well plates at a density of 5000 cells/
well in 50 pL. DMEM supplemented with 10% FBS.
After incubation for 20 h at 37 °C in 5% CO,, the cell
viability was assessed by adding 5 uL of resazurin
solution (final concentration 2.3 mg/L) and incu-
bating for an additional 3 h. Fluorescence was me-
asured (Ex 560/10 nm; Em 590/10 nm) using a
Tecan M1000 Pro plate reader with automatic gain
adjustment.

Cytotoxicity screening was conducted in dupli-
cate (n = 2), with each replicate on different assay
plates. The CC_ value (concentration causing 50%
cytotoxicity) was calculated by fitting the inhibi-
tion data to a sigmoidal dose-response curve. The
compounds exhibiting CC, values greater than
the highest tested concentration were considered
inactive. The cytotoxic samples were classified as
those with CC, < 32 ug/mL in both replicates.

Haemolytic assay

The haemolytic assay was performed by the Com-
munity for Open Antimicrobial Drug Discovery
(CO-ADD) according to the method described
earlier [17]. Human whole blood was washed three
times with three volumes of 0.9% NaCl and resus-
pended in the same solution to a final concentra-
tion of 0.5 x 10°® cells/mL, determined manually
using a Neubauer haemocytometer. The suspen-
sion was then added to 384-well plates containing
the test compounds to a final volume of 50 pL. The
plates were shaken for 10 min and incubated for
1 h at 37 °C, followed by centrifugation at 1000 g
for 10 min to pellet cells and debris. A 25 uL ali-
quot of the supernatant was transferred to a poly-
styrene 384-well assay plate, and haemolysis was
quantified by measuring absorbance at 405 nm
(OD405) with a Tecan M1000 Pro monochroma-
tor plate reader.

Results and Discussion

In order to find novel antimicrobial compounds
the phenotypic screening of 88 4H-chromen-4-one
derivatives, was performed by the CO-ADD to-

ward five bacterial strains such as Staphylococcus
aureus ATCC 43300, Escherichia coli ATCC 25922,
Klebsiella pneumonia ATCC 700603, Acinetobacter
baumannii ATCC 19606, Pseudomonas aeruginosa
ATCC 27853 and toward two fungal strains such as
Candida albicans ATCC 90028 and Cryptococcus
neoformans var. grubii ATCC 208821.

Table 2. The sensitivity of A. baumannii
clinical isolate Ne 144 to antibiotics

Antibiotic Sensitivity

Aztreonam
Tigecycline
Ceftriaxone
Ceftazidime
Cefepime
Cefoperazone/sulbactam
Gentamicin
Amikacin
Netilmicin
Tobramycin
Levofloxacin
Moxifloxacin
Colistin
Meropenem
Imipenem
Cilastatin
Ertapenem

ATARIAII oI IIIIAIIIAT T

Chloramphenicol

R — resistance, S — susceptibility

Table 3. Antibacterial activity of compounds
1 and 2 toward multidrug resistant

A. baumannii strain Ne 144 (minimum
inhibitory concentration (MIC), minimum
bactericidal concentration (MBC), mg/L)

Compounds MIC, mg/L | MBC, mg/L
Compound 1 32 512
Compound 2 1024 >1024
Ciprofloxacin 256 >1024
DMSO 1024 >1024
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As a result, two active compounds possessing
antimicrobial activity were identified (Table 1). It
was found that the most active compound 6-Chlo-
ro-4-oxo-4H-chromene-3-carbonitrile (1) inhibits
growth of C. albicans with MIC value of 0.5 mg/L
and C. neoformans with MIC value of 0.25 mg/L.
Other compound — 6-Chloro-3-(6-hydroxy-3-
oxo-3H-benzofuran-2-ylidenemethyl)-chromen-
4-one (2), inhibits only growth of C. neoformans
with MIC value of 16 mg/L. The chemical synthesis
and antifungal properties of compounds were pre-
viously patented by us [18]. During this phenotypic
screening it was revealed that compounds 1 and 2
also inhibit growth of A. baumannii ATCC 19606
by 24.8% and 23.7%, correspondingly. The antimi-
crobial activity of compounds 1 and 2 toward five
bacterial strains such as S. aureus, E. coli, K. pneu-
monia, A. baumannii, P. aeruginosa and toward two
fungal strains such as C. albicans and C. neofor-
mans is presented in the Table 1.

Next, we tested antimicrobial activity of the
compounds 1 and 2 toward multidrug resistant
clinical isolate A. baumannii Ne 144, which was
isolated from endotracheal tube of a patient ad-
mitted to the intensive care unit in Ukraine. The
sensitivity of A. baumannii Ne 144 isolate to anti-
biotics is presented in the Table 2.

The antibacterial activity of compounds 1 and 2
toward multidrug resistant strain A. baumannii
Ne 144 in comparison with standard antibiotic cip-
rofloxacin is presented in the Table 3.

EUCAST resistance breakpoint for ciprofloxa-
cin MIC values for Acinetobacter spp. is > 1.0 mg/L
[19]. As it can be seen from the Table 1, the clinical
test strain A. baumannii Ne 144 is completely re-
sistant to ciprofloxacin.

Compound 1 exhibited measurable antibacteri-
al activity against A. baumannii strain Ne 144, with
a MIC value of 32 mg/L. Although this activity is
lower than that observed for the clinically used an-
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TEPATIEBTUYHNY ITIOTEHIIIAJ 6-XJIOPO-4-OKCO-
4H-XPOMEH-3-KAPEOHITPMJIY [TPOTV ACINETOBACTER BAUMANNII

Mema. Acinetobacter baumannii — rpaMHETaTUBHUI OMOPTYHICTUYHMI IATOTEH, SKUIT CIIPUYMHSAE MIMPOKUI CIIEKTP
HO30KOMiambHUX iHpexuit. Ieit 36yaHMK HaOYB CTINIKOCTI MaibkKe 10 BCIX BifOMMX aHTMOIOTHKIB, BK/IIOYA0OYY aMiHO-
DTiKO3MANM, XIHOMOHM, GeTa-TaKTaMM IINPOKOTO CIIeKTPY fii, KapbarneHemn, MOMIMIKCHMHN Ta HaBiTh KOMICTUH, KU €
aHTMOIOTMKOM OCTAHHBOI JIHIl, 1[0 3yMOB/IIOE HEOOXITHICTb MOIIYKY HOBUX aHTUMIKPOOHUX 3aco6iB. MeTtor moci-
JDKEHHSI € BUSIB/ICHHS HOBUX CIOJYK i3 MPOTUMIKpOOHOI0 aKTUBHICTIO 10710 A. baumannii. Memoou. TIpoTumikpobHy
aKTUBHICTD 88 moxifHux 4H-xpoMeH-4-0Hy [JOCTIIXYBaNIu METOOM CepilfHUX MIKpOpO3BefieHb LIOMO0 I ATK OaKTepi-
anpHKX natoreHis (Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa) Ta gBox rpubkoBux marorenis (Candida albicans i Cryptococcus neoformans). Pesynomamu. Cepen goci-
JDKEHUX CIIONYK OY/I0 BUSABIIEHO [IBi aKTUBHI: 6-x710p-4-0Kc0-4H-xpomen-3-kap6onitpui (1), o inriéye pict C. albicans
(MIK = 0,5 mr/n) ta C. neoformans (MIK = 0,25 mr/), i 6-x1m0p-3-(6-rizpokcu-3-okco-3H-6ensodypan-2-inigenmeTnn)-
xpoMeH-4-oH (2), aktuBHuit mpotu C. neoformans (MIK = 16 mr/). Takox 6y/10 BCTaHOB/IEHO, 1110 CIIONYKY 1 Ta 2 mpu
KOHIIeHTpauii 32 Mr/n sHIKyTh picT A. baumannii ATCC 19606 Ha 24,8% Ta 23,7%, BignosigHo. [Toganbiui gocrmi-
JDKeHHS aHTUMIKPOOHOT aKTMBHOCT] IIUX CIIONYK IOf{0 MY/IBTUPE3UCTeHTHOTO KIHIYHOTO i3071Ty A. baumannii Ne 144
IIPOJIEMOHCTPYBaN, 10 cronyka 1 mpurHidye itoro pict 3i sHauenHsaM MIK = 32 mr/n1. BogHoYac BCTaHOBJIEHO, L0 11
CTIO/TyKa He € IUTOTOKCMYHOW Iomo KmitmHHOI niHil HEK293. Buchosxku. Otxe, 6-x10p-4-okco-4H-xpomen-3-
KapOOHITPIIT € MepCIIeKTUBHNM KaHAUIATOM /IS TOFAIBIINX 6i0/IOTIYHMX ZOCTIKEeHDb Ta XIMITHOI OIITHMIi3allii.

Knouosi cnosa: Acinetobacter baumannii, 4H-xpomeH-4-0H, aHTUMIKPOOHA aKTUBHICTb, MY/IbTUPE3UCTEHTHICTD 1O
aHTUO610THUKIB.
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