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Abstract. Currently, a search for augmenting antibiotics activity is still crucial due to elevated frequency of detecting
carbapenem-resistant Gran-positive bacterial isolates. To resolve this, it might be reasonable to combine carbapenems
metal-B-lactamase (MBL) inhibitors. Unfortunately, no MBL inhibitors approved for treatment of carbapenem-resistant
infections are currently available. Pathogenic bacteria may survive antibiotic attack, exert tolerance and persistence ac-
companied with the ongoing infectious process. In connection with this, determining dependence between antimicrobial-
related bactericidal effect and exposure time on microbes at 4, 8, 12 and 24 hours after the onset, a so called time-Kkill
assay, is necessary. A synergy between both agents was noted upon reduced microbial population by > 3 log,,. A checker-
board array followed by seeding the microplate well contents onto a dense nutrient medium at various time points were
used to assess a synergistic efficacy of carbapenems applied together with clodronic acid against MBL-producing VIM-
genotype P. aeruginosa 532/14 clinical isolate obtained from patients with infectious complications (minimal inhibitory
concentrations [MIC] for imipenem or meropenem were 512 pg/ml), microbial burden 10° CFU/ml. Optical density was
measured at two wavelengths (490 and 630 nm) in ELx800 reader, within 4—24 hour exposure time to determine time
of logarithmic growth phase emerging in test culture. It is noteworthy that magnitude of optical density is a difference
between two bichromatic measurements resulting in remarkably reduced inaccuracy due to scratches or fingerprints left
on the plate. It was found that clodronic acid exhibited a synergic bactericidal effect with carbapenems against a clinically
resistant MBL-producing VIM-genotype P. aeruginosa 532/14 strain. Upon that, imipenem-related antimicrobial activ-
ity was evident as early as 8 hours after the onset decreasing cell growth down to 1.4 log,, compared to control, whereas
12 hours later it resulted in total inhibition of test strain by decreasing growth of the test strain by 6 log,,. Meropenem
in combination with clodronic acid showed a more pronounced activity: complete absence of P. aeruginosa 532/14 growth
by 8 hours of incubation, growth suppression by 3.2 log,,, which reached 6 log,, 12—24 hours after the onset. Time-kill assay
allows to identify efficient combinations of carbapenems and MBL inhibitors, which is of great importance for increasing
therapeutic efficacy of patients with severe purulent-septic complications.
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Pestome. B cBs31 ¢ BO3pociiieii 4acTOTOi BbIIEICHMUSI U30IITOB IpaMOTPUIIATeIbHBIX MUKPOOPTaHM3MOB, PE3UCTCHT-
HBIX K KapOarieHeMaM, BaXKHBIM 0CTaeTCs TIOMCK CITIOCO00B YCUIICHUSI IEHCTBUS 3TOTO KJIacca aHTUOMOTUKOB. OTHUM
13 BO3MOXHBIX CITOCOOOB PEIICHUS 3TOM MPOOJIEMBI SIBJISIETCS KOMOMHAIIMSI KapOalleHeMOB ¢ IIperapaTaMyu — WH-
ruouTopaMu Metao-6eta-makramas (MbBJI). K coxanenuio, B HacTosIee BpeMsI pa3pelleHHBIX IJI IIPUMEHEHU S
B KJIMHWKE MHTHOMTOpoB MBJI KapbarmeHeMpe3UCTEHTHRIX MUKPOOPTaHU3MOB. [IaToreHHBIe MUKPOOPTaHU3MBI MO-
I'YT TMepeXXnUBaTh aHTUOMOTUYCCKYIO aTaKy, IIPOSBISTh CBOMCTBA TOJCPAHTHOCTU M IEPCUCTCHIINU, TIPU 3TOM MH-
(bexIMOHHBIN Mpouecc MpoaoxkaeTcs. B cBSI31 ¢ TUM BaxXHO ONpeaeeHUe 3aBUCUMOCTH MEXAY OaKTepULIMIHBIM
JefCTBEM aHTUMHUKPOOHBIX CPEIICTB M BpEMEHEM 3KCITO3UIIMY WX BO3ICHCTBISI HA MUKPOOPTaHU3M He B OHOM Bpe-
MEHHOI TOuKe uepe3 24 U MHKYyOalluK, a B HECKOJIbKUX — uepe3 4, 8, 12 u 24 4, Tak Ha3biBaeMasi KpuBasi 3aBUCUMOCTH
«BpeMsl — JeTajbHoe aeicTBue» (time-kill assay). CuHepruaHblii 3p@eKT ABYX MpenapaToB oTMeUaeTcs Mpu yClIo-
BUM CHUKEHUS YPOBHSI MUKPOOHOM MOMyasiuuu Ha > 3 log,,. s olieHKU 3¢ (HEeKTUBHOCTH CUHEPTUIHOTO IeHCTBU S
KapOameHeMoB U KJIONPOHOBOI KMCJIOTHI MCMOJIb30BaTUM MUKPOMETOI MEPEKPECTHOIO TUTPOBAHUS («IIaXMaTHOM
TOCKH») C TIOCTETYIOIIMUM BHICEBOM COAEPXKMMOTO sSTueeK Ha TIJIOTHYIO ITUTATEIbHYIO CPeay B pa3HbIe BpEeMEHHBIE ITPO-
MeXYTKH. MccenoBaHus IPOBOAMIN B OTHOIIEHU Y KJIMHUYECKOTO ITamMa Pseudomonas aeruginosa 532/14, Beine-
JICHHOTO OT MAIIMEHTOB ¢ MH(MEKIIMOHHBIMU OCJIOXKHEHUSIMU, Tpoayuupyomero MBJI renorumna VIM u xapakTepu-
3YIOIIETOCS BEICOKOM CTEMEHBIO PE3UCTEHTHOCTH K KapbameHeMaM (MITK nmurieHama mim MmeporneHema 512 MKT/Mi);
mukpoOHas Harpy3ka 10° KOE/mu. Ha punepe ELx800 mpoBomniv nsMepeHre ONTHUYECKON TIOTHOCTH TIPH IBYX
JUTHAX BOJTH (490 1 630 HM) TPy SKCTIO3ULIMSX OT 4 110 24 4 1 BBISIBJISLIA BpeMsl TIOSIBJICHU ST JIOTapu(MUIeCKOi hasbl
pocTta TecT-KyabTypbl. ClleflyeT OTMETUTD, YTO TIPU OMXPOMATUIECKOM M3MEPEHUH 3HaYeHWe ONTUYECKON MJI0OTHO-
CTU SIBJISIETCSI Pa3HUIICH ABYX U3MEPEHU, TIPY 3TOM 3HAUUTETbHO CHUKAETCS TIOTPEITHOCTh Pe3YJIbTaTOB, BHI3BAH-
Has HapalnMHaM{ WK oTIieyaTKaMu MajblieB Ha MiaHmeTe. B uccaenoBaHuu nokasaHa ClocOOHOCTh KJIOAPOHOBOM
KHUCJIOTHI MPOSIBISATh CUHEPTUIHBIN OaKTepULIMAHBIN 2 deKT ¢ KapbaneHeMaMU B OTHOLIEHU U KJIMHUYECKOIO pe-
3UCTEHTHOTO 1TamMma P. aeruginosa 532/14, npoayiupyoliero Mmetaaio-oera-nakramasy reHoruna VIM. Ilpu atom
B TAKOM COYETaHUM aHTUMUKPOOHOE MeHCTBUS y UMUIIEHEMa HauMHaeTCs ¢ 8§ yacoB MHKYOa1uu 10 ypoBHs 1,4 log,,
M0 CPaBHEHUIO C KOHTPOJIEM, a € 12 4 OTMEUYEeHO MOJIHOE MMOJAaBJIEHNE POCTA TeCT-KYIAbTyphl. [Ipn 3TOM CHUXEHUE
pocTa TecT-LITaMMa cocTaBuiIO 6 log,,. MeporneHeM B KOMOMHALIMK C KJIOAPOHOBOM KUCIOTOM IPOSIBIISLI 60Jice BbI-
pakeHHYI0 aKTUBHOCTB: TTOJIHOE OTCYTCTBHUE pocTa P. aeruginosa 532/14 X 8 yacaM MHKYOaIMM, ITOIABICHIE POCTa
Ha 3,2 log,,. DTOT Mokasareb yepe3 12—24 1 coctaBu 6 log,,. [TonyueHre KpuBOil 3aBUCMOCTH «BPEMST — JIETaIbHOE
TeiCTBUE» TI03BOJISICT BEIABIATH 3G PeKTUBHBIE KOMOMHAIINK KapOarieHeMOB 1 HHTMOMTOPOB MeTaJJI0-0eTa-I1aKTa-
Ma3 rpaMOTPUIIATEILHBIX 0aKTEPUl, UTO MMeeT OOJIbIIIOoe 3HAYeHUE ISl TIOBBIIIeHUS 93¢ (MEKTUBHOCTH JIEUEHU S TSI~
KeJIbIX THOWHO-CENTUYECKUX OCJIOXHEHUIA Y TallueHTOB.

Karouesoie caosa: k100porosas kucioma, KapoanenempesucmenmHuole epamompuamenbHble MUKPOOPeAHU3Mbl, UHUOUMOP
Memanno-6ema-1aKkmamassl, kapoanenemol, «time-kill assay».

Introduction

Due to the increased frequency of isolation
of isolates of gram-negative microorganisms resist-
ant to carbapenems, it is still important to find ways
to enhance the action of this antibiotics class. One
of the possible ways to solve this problem is combin-
ing carbapenems with agents that are metal-beta-lac-
tamases (MBL) inhibitors. Unfortunately, at present
no MBL inhibitors for carbapenem-resistant micro-
organisms are approved for clinical use [9]. Beta-
lactam inhibitors are known and used in public health
practice: tazobactam, sulbactam and clavulanic acid.

In addition, a number of chemical compounds are
studied as inhibitors of beta-lactamases [11].

In the sphere of activities performed by microbi-
ological laboratories, the determination of depend-
ence between the bactericidal action of antibiotics
and the time of exposure of a microbe to their effect
(time-kill assay) is widely recognized. In general,
it is a question of determining the bactericidal or
fungicidal action of antibiotics or their combinations
not at a single time point (usually after 24 hours), but
in dynamics. Indications for the application of this
technique relate mainly to in-depth studies of new
antimicrobial agents or their properties, as well as
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to the effects of bacterial resistance that haven’t been
yet studied in everyday practice of microbiological
laboratories (so-called “tolerance” of microorga-
nisms, “persistence”, “minor colonies”, etc.) [3, 4, 6].

Earlier, we showed the ability of etidronic acid
(a medicinal agent from the group of bisphospho-
nates) to enhance the action of carbapenems on clin-
ical strains of gram-negative bacteria that are resist-
ant to carbapenems and produce MBL [1]. This study
originated from the search for new MBL inhibitors
for carbapenem-resistant microorganisms approved
for clinical use and enhancing the action of carba-
penems.

Materials and Methods

To assess the effectiveness of the synergistic ac-
tion of carbapenems and clodronic acid, we used
the cross-tapering micromethod (chessboard me-
thod) intended for testing the sensitivity of micro-
organisms to the combined effect of two antibiotics
[12, 13], followed by inoculation of well contents onto
Miiller—Hinton solid medium. To study the depend-
ence between the antimicrobic action of test articles

combination with the time of exposure of a micro-
organism to their effect (time-kill assay), we deter-
mined the bactericidal activity of the mixture of me-
dicinal agents not at a single time point after 24 hours
of incubation, but at several time points: after 4, 8, 12
and 24 hours of incubation.

The study used antibiotics (imipenem and mero-
penem) diluted during standard titration in Miiller—
Hinton medium [5]. The initial clodronic acid concen-
trate for preparing an intravenous solution containing
60 mg/ml was diluted in Miller—Hinton medium by
successive two-fold dilutions. 95 pl of clodronic acid di-
lution were added to the wells of a polystyrene 96-well
plate containing 95 pl of the antibiotic dilution, so that
the volume of the mixture made up 190 pl. We stud-
ied the Pseudomonas aeruginosa 532/14 clinical strain
isolated in patients with infectious complications that
produces MBL of the VIM genotype and is charac-
terized by a high degree of resistance to carbapenems
(MIC of imipenem and meropenem being 512 pg/ml).
The microbial burden was 10° CFU/ml. 10 pl of micro-
bial suspension were added to each well. Thus, the final
microbial burden of the test strain in each well ran to 5 x
10* CFU in 200 pl.

Table. Suppression of P. aeruginosa 532/14 growth over time in the presence of a combination

of carbapenems with clodronic acid

The CFU amount in 1 pl of medium, when inoculated onto a solid growth medium
. . (n=5,P<0.05)
Test articles and their doses
before 4 hours 8 hours 12 hours 24 hours
incubation of incubation | ofincubation | ofincubation | ofincubation

P. aeruginosa 532/14 culture growth 3 8.64 x 105+ 1.9 x 106+
control 102+1.5 116+0.9 1.64 x 103£2.4 9.4 10° 3 3% 10°

5 6.
Imipenem % MIC 1012.3 12615 | 156x10°488 | oX 10 Lo
Decrease in the CFU number in log,, B _ _ B _
relative to the control

5. 6
Clodronic acid % MIC 92+0.9 96+1.2 11xi0s77 | HEX 100 oy
Decrease in the CFU number inlog,, _ _ B B B
relative to the control
# MIC of Imipenem +3; MIC 87:8.8 90:8.8 60+8.8 0 0
of clodronic acid
Decrease in the CFU number in log,, B B 14 6 6.3
relative to the control ' :

5 6
Meropenem % MIC 96+2.4 10542.8 15x10::23 | §9X 0% e
Decrease in the CFU number inlog,, B B B B B
relative to the control

5 6
Clodronic acid % MIC 92+2.1 96+1.4 14x 10024 | B8XI0% Pyl
Decrease in the CFU number in log,, B B B B B
relative to the control
% MIC of meropenem + % MIC
of clodronic acid 100+2.2 84+2.6 0 0 0
Decrease in the CFU number in log,, B B 39 6 6.3
relative to the control ’ :
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After every 4 hours of incubation, we performed
inoculation out of wells with the test article concen-
tration of 2 MIC, as well as combinations of the cor-
responding carbapenem and clodronic acid in doses
of 2 MIC. During inoculation, 1 pl of the respective
well contents was introduced into 1 ml of Miiller—
Hinton medium and then 1 ul was plated onto the sur-
face of the Miiller—Hinton agar and spread evenly
with a spreader. Incubation took 24 hours at 37°C.

Using the ELx800 reader (Bio-Tek Instruments
Inc., USA), we measured the optical density at two
wavelengths (490 and 630 nm) at exposures from 4
to 24 hours and revealed the start time of the testing
culture logarithmic growth phase. It should be noted
that in bichromatic measurement, the optical density
value is the difference between two measurements,
which reduces significantly any possible errors in re-
sults caused by scratches or fingerprints on a plate.

The obtained results for 5 replications were sub-
jected to statistical processing using Microsoft Excel
2007 and Statistica 6.0 by methods of parametric and
nonparametric statistics.

Results and Discussion

Our preliminary studies based on the chessboard
method defined both the intrinsic antimicrobic ac-
tion of clodronic acid and its ability in sub-bacte-
ricidal concentration to increase the effect of car-
bapenems on the test strains of antibiotic-resistant
gram-negative bacteria producing MBL. Then we
modeled a system showing the ability of bisphospho-
nates to inhibit the activity of MBL and prevent an
increase in the level of resistance to carbapenems
in test strains of gram-negative microorganisms that
were previously sensitive to them [2].

Table shows the results of inoculating the P. aeru-
ginosa 532/14 clinical strain onto a solid growth
medium at test time intervals. Literature data regis-

0,45

0,4 1
0,35
0,3 1
0,25
0,2 1
0,15
0,1 1
0,05

0 [
Ohrs 4hrs 8hrs 12 hrs 24 hrs

—{}— imipenem ', MIC

—@— imipenem ", MIC +
clodronic acid ', MIC

- < = culture control
- =A~ - clodronic acid '/, MIC

Figure 1. Phases of P. aeruginosa 532/14 growth
in the presence of imipenem and clodronic acid

ter the synergistic effect of two agents provided that
the microbial population is reduced by > 3 log,, [8].

The data in Table indicate that the combined
use of sub-bactericidal concentrations of carbape-
nems and clodronic acid as the MBL inhibitor has
a “lethal effect” on the resistant P. aeruginosa 532/14
strain in the period from 8 to 24 hours. The reduction
of the CFU number in the presence of a combination
of imipenem and clodronic acid ran to 6 log,, by 12—
24 hours of incubation. In the presence of a mixture
of meropenem with clodronic acid, this effect was
registered after 8 hours of incubation, when the test
strain growth decreased by 3.3 log,, in comparison
with the control. These data indicate a synergistic
bactericidal effect of the combinations used [10].

The determination of the time-kill assay for the
combination of imipenem or meropenem with clod-
ronic acid against P. aeruginosa 532/14 was based
on the optical density of the substrate at various ex-
posures. The data are presented in Fig. 1 and Fig. 2.

The logarithmic phase of the test strain growth
in the control began after 4 hours of incubation.
The culture growth curves in the presence of sub-
bactericidal doses of the corresponding carbapenem
or clodronic acid on both graphs run in parallel up
to 12 hours. Then, the rate of P. aeruginosa 532/14
growth slowed by 24 hours. In the presence of a com-
bination of sub-bactericidal concentrations of imipe-
nem or meropenem with clodronic acid, the absence
of a logarithmic growth phase of the test microorga-
nism was observed.

When it comes to the matter of life and death
of a patient with an infection caused by multiresistant
microorganismes, it is important to determine the bac-
tericidal action of combinations of antibiotics, rather
than the bacteriostatic one, since the patient’s weake-
ned immunity does not complement the action of an
antibiotic. Pathogenic microorganisms survive an
antibiotic attack and show tolerance and persistence,

0,45

0,4
0,35
0,3 1
0,25
0,2
0,15 4
0,14

0,05

Ohrs 4hrs 8 hrs 12 hrs 24 hrs

—{— meropenem '/, MIC

—@— meropenem ', MIC +
clodronic acid ', MIC

- < = culture control
- =A== clodronic acid '/, MIC

Figure 2. Phases of P. aeruginosa 532/14 growth
in the presence of meropenem and clodronic acid
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while the infectious process continues. In this regard,
it is important to determine the dependence between
the bactericidal action of antimicrobial agents and
the time of exposure of a microorganism to their ef-
fect (the so-called time-kill assay) [6].

Our preliminary studies based on the chessboard
method have made it possible to identify promis-
ing MBL inhibitors for gram-negative bacteria from
among the medicinal agents, i.e. bisphosphonates al-
ready approved for clinical use [1].

The present study shows the ability of clodronic
acid to exhibit a synergistic bactericidal effect with
carbapenems against a clinical resistant P. aeruginosa
532/14 strain producing MBL of the VIM genotype*.
In this combination, the antimicrobic action of imi-

penem starts after 8§ hours of incubation up to 1.4 log,,
level as compared with the control. After 12 hours,
the total suppression of testing culture growth is re-
gistered. The decrease in growth of the test strain ran
to 6 log,,. Meropenem in combination with clodronic
acid showed more pronounced activity, i. e. complete
absence of P. aeruginosa 532/14 growth by 8 hours
of incubation and suppression of growth by 3.2 log,.
In 12—24 hours, this rate ran to 6 log,,.

The results of our study are consistent with foreign
authors’s methodical approach to the estimation of the
synergistic effect of antimicrobial combinations [7, 8,
10, 14]. The derivation of the time-kill assay allows
us to identify effective combinations of carbapenems
and promising inhibitors of metal-beta-lactamases

for gram-negative bacteria, which is of great impor-
tance for the increase in treatment efficacy for patients

* Patent no. RU 2618433 has been obtained based on the research findings.

with severe purulent-septic complications.
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