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DETERMINATION OF THE EFFECT OF GENTAMICIN AGAINST
STAPHYLOCOCCUS AUREUS BY USING MICROBROTH KINETIC SYSTEM*
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SUMMARY

In this study a microbroth kinetic system based on continuous monitoring of changes in the optical density of bacte-
rial growth was used for determination of antimicrobial activity. By using this system we aimed to describe turbidimetric
growth curves of Staphylococcus aureus in the presence of increasing concentrations of a model antibiotic (gentamicin) and
to determine minimum inhibitory concentration (MIC). Additionally, we compared these results with conventional broth
microdilution method. S.aureus (ATCC 25923) strain grown in Mueller Hinton broth and gentamicin (0.0625-64 ug/ml)
were dispensed in microtiter plates for this kinetic assay. Optical densities for each well were measured for 24 hours by 15 min
interval at 37°C via multi-detection microplate reader at 600 nm and were automatically recorded. Turbidimetric growth
curves of S.aureus were obtained and MIC of gentamicin was determined by microbroth kinetic system. Accordingly, MIC,,
and MIC,, values of gentamicin on S.aureus were determined as 0.235 and 0.488 ug/ml respectively at the first half of the
incubation period. Gentamicin MIC value was also determined as 0.5 ug/ml by using conventional broth microdilution
method. The results in microbroth kinetic system were similar to the conventional broth microdilution method and in vitro
antimicrobial susceptibility was determined in an earlier stage. In conclusion, the microbroth kinetic system is rapid and
objective method for assessing the antibacterial activity.
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OZET

Gentamisinin Staphylococcus aureus’a kars1 Etkisinin Belirlenmesinde Mikrobuyyon
Kinetik Sistemin Kullanilmasi

Bu ¢aligmada, antimikrobiyal aktivitenin belirlenmesi amaciyla bakteriyel iiremenin optik dansitesindeki degismeleri
siirekli izleme temeline dayanan mikrobuyyon kinetik sistem kullamilmigstir. Bu sistemi kullanarak Staphylococcus aureus un
bir model antibiyotigin (gentamisin) artan konsantrasyonlari varli§imda tiirbidimetrik iireme egrilerinin olusturulmast ve
minimum inhibitor konsantrasyonunun (MIK) belirlenmesi amaclannustir. Ayrica sonuglar konvansiyonel sior mikrodiliis-
yon yontemi ile de karsilastirilmigtiy. Bu kinetik yontemde Mueller Hinton sivi besiyerinde iiretilen S.aureus (ATCC 25923)
siispansiyonu ve gentamisin (0.0625-64 ug/ml) mikroplaklara dagitilmistir. Her bir kuyucugun optik dansitesi 600 nm’de,
“multi-detection” mikroplak okuyucu yardimiyla 37°C’de 24 saat stireyle ve 15 dakika araliklarla otomatik olarak ol¢iilmiis
ve kaydedilmistir. S.aureus’un tiirbidimetrik iireme egrileri ve gentamisin MIK degeri mikrobuyyon kinetik sistemi ile belir-
lenmistir. Buna gore gentamisin MiK50 ve Mngo degerleri inkiibasyon periyodunun ilk yarisinda strastyla 0.235 ve 0.488
ug/ml olarak hesaplanmustir. Konvansiyonel stor mikrodiliisyon yontemi ile gentamisin MIK degeri 0.5 ug/ml olarak belirlen-
mistir. Mikrobuyyon kinetik sistem ile sto1 mikrodiliisyon yonteminin sonuglari benzer bulunmus ve kinetik sistem ile in vitro
antimikrobiyal duyarlilik daha erken bir asamada belirlenmistir. Sonug olarak, mikrobuyyon kinetik sistemin antibakteriyel
aktivitenin degerlendirilmesinde hizli ve objektif sonug veren bir yontem oldugu anlagilmistir.
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INTRODUCTION

Nowadays, a variety of methods are
applied to evaluate the effects of various anti-
microbial agents on microorganisms. The quan-
titative tests which Clinical and Laboratory
Standards Institute (CLSI) suggests, as broth
microdilution and agar dilution where the mini-
mum inhibitory concentration (MIC, the lowest
concentration of drug that prevents visible
growth) values of drugs are quantified, are fre-
quently used conventional methods in determi-
nation of antimicrobial activities of various
drugs on microorganisms®*. However, most of
the present methods reveal the efficacy of anti-
microbial agents against target microorganisms
after overnight incubation. Also these proce-
dures do not provide kinetic information on the
antimicrobial activities of drugs®. Thus, more
rapid and objective techniques have become an
important investigation area, in the evaluation
of the effects of frequently used antimicrobial
agents©®”.

Recently, a microbroth kinetic system
based on continuous monitoring of changes in
the optical density (OD) of microbial growth has
been used. Through this assay, the turbidimetric
growth curves of the microorganisms in the
presence of increasing concentrations of anti-
microbial agents are obtained and MIC values of
drugs can be determined in a shorter period.
The results can be detected during exposure.
Thus, using kinetic procedures, the effects of
antibiotics on target microorganisms can be
determined at any desired time-point of the
incubation period*®. We aimed both to describe
turbidimetric growth curves of Staphylococcus
aureus in the presence of increasing concentra-
tions of gentamicin and to determine the MIC by
using this system. We also aimed to compare
these results with conventional broth microdilu-
tion method.

MATERIALS AND METHODS

Bacterial strain and preparation of inocu-
lum: S.aureus (ATCC 25923) strain was used in
this study. The bacterial suspension equivalent
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to the turbidity of 0.5 McFarland (108 CFU/ml)
standard was prepared by comparing density
standard (Phoenix Spec Nephelometer, Becton
Dickinson, USA) from a fresh subculture of
S. aureus in Mueller Hinton Broth (MHB) (Fluka,
BioChemica, Germany) and then this suspen-
sion was diluted to 10° CFU/ml using MHB.

Antimicrobial agent: The antibacterial
agent gentamicin (BioChemica, Germany) was
dissolved in distilled water. Further dilutions
were made using the same solvent according to
CLSI document M100-518. Gentamicin was used
in the concentrations range of 0.0625-64 ng/ml.

Growth curves: The adjusted bacterial
inoculum (100 ul) were added to each well of
sterile 96-well flat-bottomed microtiter plate
containing the test concentrations of gentamicin
(100 ul/well). As a result, last inoculum concen-
tration of 5x10° CFU/ml was obtained in each
well. Two trials were performed for each con-
centration of gentamicin. Two wells containing
bacterial suspension with no drug (growth con-
trol) and two wells containing only media (back-
ground control) were included in this plate.
Optical densities were measured for 24 hours at
37°C using a multi-detection microplate reader
(Bio-Tek-Synergy HT Microplate Reader, Bio-
Tek Instruments, Winooski, Vt, USA) at 600 nm
and automatically recorded for each well every
15 min. Turbidimetric growth curves were
obtained depending on the changes in the opti-
cal density of bacterial growth for each drug
concentration and the drug-free growth control.

For the determination of MIC of gen-
tamicin by the microbroth kinetic assay, the
percentage of growth at each drug concentration
was calculated with the following equation: %
growth = [(OD,, of wells containing the drug/
OD,, of the drug-free well) x 100] after substrac-
tion of background ODs (ODs of microorga-
nism-free wells).

Using the Microplate Data Collection &
Analysis Software (Bio-Tek Instruments, Gen5,
Winooski, USA), highest OD (ODmax), t at
Mean Max OD, the changes in ODs (Delta OD =
OD, _,-OD,. ) for each well, and % inhibition
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values were calculated. MIC Curve, MIC Curves
Fitting Results, and MIC Curve Interpolations
were obtained using these values.

Broth microdilution method: The MIC of
gentamicin was also determined by using con-
ventional broth microdilution method according
to the CLSI guidelines®. The adjusted bacterial
inoculum (50 ul/well, 10° CFU/ml) were added
to each well of sterile U based microtitre plate
containing the test concentrations of gentamicin
(50 pl/well). Consequently, last inoculum con-
centration of 5x10° CFU/ml was obtained in
each well and this plate was incubated for 24
hours at 37°C. The lowest concentration of anti-
biotic which inhibited the visible bacterial
growth was determined as the gentamicin MIC
of the isolate.

RESULTS

Growth curves of S.aureus during the incu-
bation period in the presence of increasing con-
centrations of gentamicin are presented in Figure
1. A-B, wells include only media for back-
ground control and C -D, wells include bacterial
suspension with no drug for growth control in
this plate. E -B, wells include bacterial suspen-
sion and concentrations range of 0.0625-64 ng/
ml of gentamicin. The growth curves of S.aureus
in each well could be monitored for each minute
from the beginning of incubation period. With
the increase of the concentration of gentamicin
inside the wells, an inhibition was observed at
the growth curves.

Gentamicin MIC,, and MIC, values on
S.aureus were determined as 0.235 and 0.488 pg/
ml respectively by microbroth kinetic system at
the first half of the incubation period (12th
hours). Gentamicin MIC value was determined
as 0.5 pg/ml by conventional broth microdilu-
tion method at the end of overnight incubation
period. The results in microbroth kinetic system
were similar to the conventional broth microdi-
lution method.
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Figure 1. Growth curves of S.aureus. A,-B,, bacteria-free medi-
um; C-D,, drug-free wells for growth control; E -F,, 0.0625 ug/
ml; G-H,, 0.125 ug/ml; A;B,, 0.25 ug/ml; C,-D,, 0.5 ug/ml;
E-F, 1 ug/ml; G-H, 2 ug/ml; A-B,, 4 ug/ml; C-D,, 8 ug/ml;
E-F, 16 ug/ml; G-H,, 32 ug/ml; A -B,, 64 ug/ml concentrations
of gentamicin.
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MIC curve, MIC curves fitting results, and
MIC curve interpolations are given in Figure 2
and Table 1-2, respectively.
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Figure 2. MIC curve of gentamicin against S.aureus. (Y, % inhi-
bition; X, concentrations of gentamicin)

Table 1. MIC curves fitting results of gentamicin against S.aureus.

Curve name Curveformula A B C D R?

MIC Y = (A-D)/ 3.37 3.05 0.24 100 0.998

Curves_SPL1 (1+(X/C)"B) + D

Table 2. MIC curves interpolations of gentamicin against S.
aureus.

Y X

10 0.102
20 0.144
30 0.175
40 0.205
50 0.235
60 0.269
70 0.312
80 0.373
90 0.488

(Y, % inhibition; X, concentrations of gentamicin)
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DISCUSSION

Automated antimicrobial susceptibility
test systems have been used to obtain rapid MIC
results in clinical microbiology laboratories for a
long time. Reproducibility, having faster results
and less labor are the advantages of these
systems®. In this study, a recently described
microbroth kinetic system which provides kine-
tic data throughout the incubation period was
used for determination of antimicrobial
activity®.

Kinetic measurements of the bacteriostatic,
bactericidal and bacteriolytic activities of anti-
microbial agents can be performed by biolumi-
nescence, fluorescence, and optical density
based on real-time assay with the multi-detec-
tion microplate reader®. Some investigators
reported that this assay is more rapid and relia-
ble than conventional methods for determina-
tion of antimicrobial susceptibility®+©.

Lehtinen et al.*) have performed the kine-
tic measurements of the bacteriostatic, bacteri-
cidal, and bacteriolytic activities of six antibio-
tics against Escherichia coli by bioluminescence,
fluorescence, and optical density based on real-
time assay. The 10 hours exposure of the bacteria
to the antibiotics has been adequate to deter-
mine their activities. Inhibitory concentration of
50 % (IC,)), minimum bactericidal concentration
(MBC), and bactericidal concentration of 50 %
(BC,,) of each antibiotic were calculated by
using these procedures. As a result, they have
shown that bacteriostatic, bactericidal or bacte-
riolytic activities of each antibiotic can be readily
determined in the time interval from exposure
to visible effect, from kinetic data.

In this study we have shown the utility of
microbroth kinetic system which is based on
continuous monitoring of the OD of bacterial
growth for determination of the effect of a model
antibiotic (gentamicin) against S.aureus. The
results in microbroth kinetic system were simi-
lar to the conventional broth microdilution
method and MIC value of antibiotic was deter-
mined in shorter incubation period than con-
ventional method.

Meletiadis et al.®’ have shown that the
antifungal drug resistance of various filamen-
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tous fungi can be determined earlier using a
microbroth kinetic system which is based on
continuous monitoring of the OD of fungal
growth over time. They have determined itraco-
nazole, terbinafine, and amphotericin B resis-
tance using this system, within incubation peri-
ods of 5.0 to 7.7 h for Rhizopus oryzae, 8.8 to 11.4
h for Aspergillus fumigatus, 6.7 to 8.5 h for
Aspergillus flavus,and 13 to 15.6 h for Scedosporium
prolificans, while awaiting formal MIC determi-
nation by the NCCLS reference method at 18 to
24 h. Supportingly, in this study, 12 hours incu-
bation period was adequate to determine the
MIC of gentamicin on S.aureus with microbroth
kinetic assay while broth microdilution method
requires 24 hours for the same detection.

Using the kinetic measurements, the
growth characteristics of bacteria can be moni-
tored even in the time interval from exposure to
visible effect for antimicrobial agents in real-
time. By this way, the effects of antimicrobials on
target microorganisms can be observed at any
desired time-point of the incubation period®.
Therefore the treatment regimen can easily be
designed in an earlier stage.

REFERENCES

1. Balajee SA, Imhof A, Gribskov JL, Marr KA:
Determination of antifungal drug susceptibilities
of Aspergillus species by a fluorescence-based
microplate assay, ] Antimicrob Chemother
2005;55(1):102-5.

2. Clinical and Laboratory Standards Institute:
Methods for Dilution Antimicrobial Susceptibility
Tests for Bacteria That Grow Aerobically, Approved
Standard, 7th ed., CLSI Document M7-A7, Wayne,
PA (2006).

3. Ferraro M]J, Jorgensen JH: Susceptibility testing
instrumentation and computerized expert sys-
tems for data analysis and interpretation, “Murray
PR, Baron EJ, Pfaller MA, Jorgensen JH, Yolken
RH (eds): Manual of Clinical Microbiology, 8th
ed.” p.208-17, ASM Press, Washington (2003).

4. Lehtinen ], Jarvinen S, Virta M, Lilius EM: Real-
time monitoring of antimicrobial activity with the
multiparameter microplate assay, ] Microbiol
Methods 2006;66(3):381-9.

5. Meletiadis J, te Dorsthorst DT, Verweij PE: Use of
turbidimetric growth curves for early determina-



E. G. Kaya ve ark.

tion of antifungal drug resistance of filamentous 7. ShiY]J, Chen J, Xu M: A new method for antimicro-

fungi, J Clin Microbiol 2003;4(10):4718-25. bial susceptibility testing of in vitro-cultured bac-
6. Meletiadis ], Meis JE, Mouton JW, Verweij PE: teria by means of resonance light scattering tech-

Analysis of growth characteristics of filamentous nique, ] Microbiol Biotechnol 2008;18(1):118-23.

fungi in different nutrient media, ] Clin Microbiol
2001;39(2):478-84.

114



