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2EVHUYLQJ�WKH�SUHVHQFH�RI�H൷X[�SXPS�DFWLYLWLHV� 
LQ�VRPH�FOLQLFDOO\�LVRODWHG�EDFWHULDO�VWUDLQV

AbstUDFW��Chemotherapeutic agents are substances that cure infectious diseases for many years. However, 
problems arose due to drug resistance that developed over time and it was observed that the drugs failed to 
NLOO�WKH�EDFWHULD��6WXGLHV�KDYH�EHHQ�FDUULHG�RXW�WR�¿QG�WKH�IDFWRU�FDXVHG�E\�GUXJ�UHVLstance that adversely 
D൵HFW�WKH�GLVHDVH�WUHDWPHQW��DQG�WKHVH�stXGLHV�FRQWLQXH�WRGD\��7KHUH�DUH�GL൵HUHQW�W\SHV�RI�UHVLstance mecha-
QLVPV��(൷X[�SXPSV�DUH�MXst�RQH�RI�WKHVH�PHFKDQLVPV��(൷X[�SXPSV�FDQQRW�HQWHU�DQG�UHOHDVH�WKH�GUXJ�LQWR�
the cell. Thus, the microorganism becomes resistant to the drug used. If this resistance is inhibited, the drug 
may work. A variety of chemical or natural inhibitors are available for inhibition. However, since they 
cause toxicity problems, their clinical use is not currently available. Studies in this area are ongoing. There 
are stXGLHV�WR�GHWHUPLQH�WKH�DFWLYLW\�RI�WKH�H൷X[�SXPS��7KH�DFWLYLW\�RI�WKLV�PHFKDQLVP�FDQ�EH�GHWHFWHG�ZLWK�
HWKLGLXP�EURPLGH��(W%U���,Q�WKLV�stXG\��LW�ZDV�DLPHG�WR�GHWHUPLQH�WKH�H൷X[�SXPS�DFWLYLW\�RI�VRPH�UHVLstant 
clinically isolated strains using EtBr dye. The strains that are Acinetobacter baumannii, Candida albicans, 
Candida glabrata, Candida tropicalis, Klebsiella pneumoniae, Providencia rustigianii, Serratia odorif-
era, 6KLJHOOD�ÀH[QHUL, Staphylococcus aureus and Streptococcus pneumoniae microorganisms. Cartwheel 
PHWKRG�ZDV�DSSOLHG�RQ�DJDUV�FRQWDLQLQJ�76%�ZLWK�(W%U�ZLWK�GL൵HUHQW�FRQFHQWUDWLRQV������PJ�/������PJ�/��
1.0 mg/L, 1.5 mg/L, 2.0 mg/L and 2.5 mg/L). After the incubation, activation case was observed under UV 
light. It is concluded that each stUDLQ�XVHG�KDV�H൷X[�SXPS�DFWLYLW\��(W%U�ZDV�UHOHDVHG�DW�����PJ�/�DQG�GLG�
QRW�ÀXRUHVFH��'L൵HUHQFH�LQ�ÀXRUHVFHQFH�ZDV�REVHUYHG�XQGHU�(W%U�89�EHWZHHQ�����PJ�/�DQG�����PJ��/��
.H\�ZRUGV� Drug resistDQFH��H൷X[�SXPS�DFWLYLWLHV��FOLQLFDOO\�LVRODWHG�EDFWHULDO�stUDLQV��(W%U��൴QK൴E൴WRUV��
UV.

,QWURGXFWLRQ

0LFURELDO� PXOWLGUXJ� UHVLVWDQFH� �0'5�� KDV�
reached a very important stage. As a result, the 
researches to discover new antibiotic hit compounds 
DUH�DFFHOHUDWHG��0'5�H൷X[�SXPSV�PHFKDQLVP�LV�RQH�
of the important phenomena for antibiotic resistance.

Gram negative bacteria also have more 
antibacterial resistance than gram positive bacteria 
because gram negative bacteria have an outer 
membrane in addition to the cell wall structure [1-3].

(൷X[� SXPSV� DUH� WUDQVSRUW� SURWHLQV� WKDW� SOD\� D�
role in expelling substances from inside towards the 
outside of the cells [4]. It can be present in all types 
of living cells [5].

7KH�¿UVW�H[SORUDWLRQ�RI�WKH�H൷X[�SXPS�PHFKDQLVP�
was the excretion of tetracycline in Escherichia coli 
EDFWHULD�LGHQWL¿HG�E\�/HY\�HW�DO��>���@�

7KHUH� DUH� �� VXSHUIDPLOLHV� GH¿QHG� IRU� WKH�
H൷X[�SXPSV��ZKLFK� DUH� WKH�$73�%LQGLQJ�&DVVHWWH�
�$%&��� 0XOWLGUXJ� DQG� 7R[LF� (൷X[� �0$7(���

0DMRU� )DFLOLWDWRU� 6XSHUIDPLO\� �0)6��� 5HVLVWDQFH�
1RGXODWLRQ� 'LYLVLRQ� �51'�� DQG� 6PDOO� 0XOWLGUXJ�
5HVLVWDQFH� �605�� >��� ���� ��@�� ,Q� DGGLWLRQ� WR� WKHVH��
The Proteobacterial Antimicrobial Compound 
(൷X[��3$&(��IDPLO\�ZDV�DOVR�GH¿QHG�LQ�WKH�VWXG\�
published by Du et al. [12] and the Drug Metabolite 
7UDQVSRUWHU� �'07�� IDPLO\� E\� 6RQJ� DQG�:X� >��@��
DMT is a large group of membrane transporters 
present in eukaryotes, bacteria and archaea, and 
includes exporters for a wide range of substrates such 
as toxic compounds and metabolites [13-15].

$V� D� UHVXOW� RI� LQKLELWLQJ� H൷X[� SXPSV�� WKH�
antimicrobial compounds can accumulate inside the 
cell, which may cause a cell death. Although there 
DUH� VRPH�FRPSRXQGV� WKDW� LQKLELW� H൷X[�SXPSV�� EXW�
they are not commonly used clinically due to their 
toxicity [16]. 

(൷X[� SXPS� LQKLELWRUV� FDQ� DFW� RQ� HLWKHU� JUDP�
positive or gram-negative bacteria or both [17]. The 
H[DPSOHV� RI� VRPH� H൷X[� SXPS� LQKLELWRUV� DQG� WKHLU�
mode of action are as follows. 
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Verapamil inhibits ABC/MFS family, 
Thioridazine inhibits NorA pump of the MFS family, 
Carbonyl Cyanide m-Chlorophenyl Hydrazone 
�&&&3�� LQKLELWV� 0$7(�0)6�51'� IDPLO\��
3KHQ\ODODQ\O� $UJLQLQH� %HWD� 1DSKW\ODPLG� �3$ȕ1�
0&�����������LQKLELWV�51'�0)6��&P,$�DQG�)OR5�
pump) family, Paroxetine inhibits RND/MFS family 
and Reserpine inhibits RND/MFS family [10, 13, 18-
33].

The aim of this study is observing the presence 
RI� H൷X[�SXPS�DFWLYLW\� LQ� VRPH�PXOWLGUXJ� UHVLVWDQW�
�0'5��FOLQLFDOO\� LVRODWHG�EDFWHULDO�VWUDLQV� WR�GH¿QH�
WKHLU�H൷X[�SXPS�DFWLYLW\�SUR¿OH�

0DWHULDOV�DQG�PHWKRGV

Enrichment of microorganisms and isolation 
of pure colonies. In this study, totally 10 clinical 
isolate MDR strains were used. 7 of the strains 
DUH� EDFWHULD� �Acinetobacter baumannii, Klebsiella 
pneumoniae, Providencia rustigianii, Serratia 
odorifera, 6KLJHOOD� ÀH[QHUL, Staphylococcus aureus 
and Streptococcus pneumoniae) and 3 are yeast 
�Candida albicans, Candida glabrata and Candida 
tropicalis). Microorganisms were activated Luria-
%HUWDQL� �/%�� %URWK� �0HUFN�� *HUPDQ\�� DQG� WKHQ�
WUDQVIHUUHG�WR�1XWULHQW�$JDU��1$���0HUFN��*HUPDQ\��
for pure colony formation. Pure colonies obtained 
in NA were transferred into sterile saline solution 
������� DQG� VWDQGDUGL]HG� E\� DGMXVWLQJ� DFFRUGLQJ� WR�
0.5 McFarland standards.

Ethidium bromide (EtBr)-Tryptic Soy Agar (TSB) 
FDUWZKHHO� PHWKRG�� 76%� �0HUFN�� *HUPDQ\�� SODWHV��
ZKLFK� LQFOXGHG� GL൵HUHQW� (W%U� �0HUFN�� *HUPDQ\��
FRQFHQWUDWLRQV��������������������������DQG�����PJ�/��
were prepared. Microorganisms were inoculated on 
the plates according the cartwheel method. Cartwheel 
PHWKRGRORJ\� ZDV� XVHG� �)LJXUH� ��� >��@�� 7KHQ� WKH�

SHWUL�GLVKHV�ZHUH�LQFXEDWHG�DW����&�IRU����KRXUV�IRU�
EDFWHULDO�VWUDLQV�DQG����&�IRU����KRXUV�IRU�\HDVWV��

)LJXUH���±�Cartwheel method

2EVHUYLQJ�XQGHU�89�OLJKW� After incubation, TSB 
agar plates containing EtBr were observed under UV 
light.

Statistical analysis. R Studio, version 4.0.2 was 
used to conduct a one-way analysis of variance 
�$129$��WR�DQDO\]H�WKH�UHVXOWV��3� �������>��@�

5HVXOWV�DQG�GLVFXVVLRQ

In order to obtain results, plates were observed 
XQGHU� 89� OLJKW�� $� ÀXRUHVFHQFH� ZDV� REVHUYHG�
DW� GL൵HUHQW� FRQFHQWUDWLRQV� RI� (W%U� IRU� HDFK�
microorganism under UV light on TSB agar plates. 
0.0 mg/L concentration is the negative control group. 
$EVHQFH�RI�ÀXRUHVFHQFH�ZDV�H[SHFWHG�DV�(W%U�ZDV�
DEVHQW�DW�����PJ�/��7KHUHIRUH��QR�ÀXRUHVFHQFH�ZDV�
REVHUYHG� IRU� WKHVH� SODWHV� �����PJ�/��� SUHVHQWHG� ɨQ�
Figure 2.

)LJXUH���±�89�ÀXRUHVFHQFH�IRU�����PJ�/�(W%U�FRQFHQWUDWLRQ
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Since the amount of EtBr dye at 0.5 mg/L was 
WRR� ORZ�� PLFURRUJDQLVPV� ZHUH� H[SHFWHG� WR� H൷X[�
(W%U�RXW�DQG�WKH�UHVXOWV�FRQ¿UPHG�WKLV��SUHVHQWHG�ɨQ�
Figure 3.

)RU� ���� PJ�/� RI� (W%U� FRQFHQWUDW൴RQ�� DV� WKH�
FRQFHQWUDW൴RQ� VWDUWHG� WR� ൴QFUHDVH�� WKH� PDMRU൴W\�
RI� (W%U� EHJDQ� WR� UHPD൴Q� ൴Q� WKH� FHOO� DQG� D�
purple fluorescence started to appear. A low 

IOXRUHVFHQFH�IRU���P൴FURRUJDQ൴VPV��6��RGRU৻IHUD, 
6��SQHXPRQ৻DH, $��EDXPDQQ৻৻, 3��UXVW৻J৻DQ৻৻) was 
REVHUYHG� ൴Q� WKH� I൴UVW�SODWH��'൴IIHUHQFHV� ൴Q�SXUSOH�
IOXRUHVFHQFH� RI� P൴FURRUJDQ൴VPV� ZHUH� REVHUYHG�
on the second plate and the purple fluorescence of  
&��DOE৻FDQV�൴Q�WKH�WK൴UG�SODWH�൴V�K൴JKHU�WKDQ�WKDW�IRU�
C. glabrata and &�� WURS৻FDO৻V. Results presented 
RQ�)൴JXUH���

)LJXUH���±�89�ÀXRUHVFHQFH�IRU�����PJ�/�(W%U�FRQFHQWUDWLRQ

)LJXUH���±�89�ÀXRUHVFHQFH�IRU�����PJ�/�(W%U�FRQFHQWUDWLRQ

)RU� ���� PJ�/� RI� (W%U� FRQFHQWUDW൴RQ�� (W%U�
ZDV� VWDUWHG� WR� DFFXPXODWH� ൴Q� WKH� FHOOV� RI� DOO�
P൴FURRUJDQ൴VPV�� DOWKRXJK� WKHUH� DUH� G൴൵HUHQFHV�
EHWZHHQ� WKHP�� )OXRUHVFHQFH� RI� �� P൴FURRUJDQ൴VPV�
�6�� RGRU৻IHUD, 6�� SQHXPRQ৻DH, $�� EDXPDQQ৻৻,  
3��UXVW৻J৻DQ৻৻��൴Q�WKH�I൴UVW�SODWH�ZDV�DOVR�REVHUYHG�WR�EH�
HTXDO��'൴൵HUHQFHV�൴Q�ÀXRUHVFHQFH�RI�P൴FURRUJDQ൴VPV�
were observed on the second plate. S. aureus and  
.��SQHXPRQ৻DH�SUHVHQWHG�HTXDO�ÀXRUHVFHQFH�DQG�WKH�
SXUSOH�ÀXRUHVFHQFH�൴Q�6��ÀH[QHU৻ was observed to be 
PRUH�൴QWHQVH��7KH�ÀXRUHVFHQFH�RI�&��DOE৻FDQV�൴Q�WKH�
WK൴UG� SODWH�ZDV� IRXQG� WR� EH� K൴JKHU� WKDQ� WKH� RWKHUV��
5HVXOWV�SUHVHQWHG�ɨQ�)൴JXUH���

For 2.0 mg/L of EtBr concentration; EtBr was 
accumulated in the cells of all microorganisms, 

DOWKRXJK� WKHUH� DUH� GL൵HUHQFHV� EHWZHHQ� WKHP��
)OXRUHVFHQFH� RI� �� PLFURRUJDQLVPV� �S. odorifera, 
S. pneumoniae, A. baumannii, P. rustigianii) in the 
¿UVW�SODWH�ZDV�DOVR�REVHUYHG�WR�EH�HTXDO��'L൵HUHQFHV�
LQ� ÀXRUHVFHQFH� IRU� S. aureus, K. pneumoniae and 
6�� ÀH[QHUL were observed on the second plate. The 
ÀXRUHVFHQFH�RI�C. albicans and C. tropicalis in the 
third plate was higher than C. glabrata. Results 
SUHVHQWHG�ɨQ�)LJXUH���

2.5 mg/L concentration is the highest 
concentration. EtBr was accumulated in the cells 
of all microorganisms. Because of the high EtBr 
FRQFHQWUDWLRQ�� WKH� LQWHQVLW\� RI� ÀXRUHVFHQFH� ZDV�
higher than other concentrations. Results presented 
ɨQ�)LJXUH���
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)LJXUH���±�89�ÀXRUHVFHQFH�IRU�����PJ�/�(W%U�FRQFHQWUDWLRQ

)LJXUH���±�89�ÀXRUHVFHQFH�IRU�����PJ�/�(W%U�FRQFHQWUDWLRQ

)LJXUH���±�89�ÀXRUHVFHQFH�IRU�����PJ�/�(W%U�FRQFHQWUDWLRQ

According to the results it was observed that 
WKH� PD[LPXP� (W%U� FRQFHQWUDWLRQ� H൷X[HG� RXW� WKH�
cell changes between 1.0 and 2.0 mg/L of EtBr 
for all strains used in the study. In all strains, the 
LQWHQVLW\� RI� WKH� ÀXRUHVFHQFH� ZDV� ൴QFUHDVHG�� DV� WKH�
(W%U�FRQFHQWUDW൴RQ�ZDV�൴QFUHDVHG�IURP�����PJ�/�WR�
����PJ�/��ZKHUH�WKH�K൴JKHVW�ÀXRUHVFHQFH�ZDV�DW�����
PJ�/�FRQFHQWUDW൴RQ�

In a previous study, which was conducted 
by MDR E. coli� VWUDLQV�� WKH� DFWLYLW\� RI� WKH� H൷X[�
SXPSV� DJDLQVW� FRPPHUFLDO� H൷X[� SXPS� LQKLELWRUV�
were observed. Cartwheel test with EtBr was 
applied to microorganisms and similar results were 
observed under UV light. In addition, verapamil, 

thioridazine hydrochloride and phenyl arginine 
EHWD� QDSKWK\ODPLGH� �3$ȕ1�� LQKLELWRUV� ZHUH� WHVWHG�
in combination with some antibiotics for inhibiting 
bacterial growth and positive results were obtained 
[11].

In a study by Anbazhagan et al. MDR Salmonella 
Typhimurium�VWUDLQV�ZHUH�XVHG�DQG�WKH�H൷X[�SXPS�
activity was evaluated. They applied the EtBr 
cartwheel method in the experiment. They prepared 
MH agar plates with EtBr containing 0.0 mg/L, 0.5 
mg/L, 1.0 mg/L, 1.5 mg/L and 2.0 mg/L. After the 
incubation, the plates were examined under UV and 
WKHLU� ÀXRUHVFHQFH� ZHUH� REVHUYHG�� ,W� ZDV� UHSRUWHG�
WKDW� WKH� H൷X[� DFWLYLWLHV� RI� ����PJ�/� DQG�����PJ�/�
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(W%U�RQ�VWUDLQV�DUH�ZHOO�GL൵HUHQWLDWHG��7KH\�REVHUYHG�
WKH� H൷X[� SXPS� DFWLYLW\� RI� VWUDLQV� E\� XVLQJ� 3$ȕ1�
inhibitor and some antibiotics. It was stated that 8 
RXW�RI���VWUDLQV�WKH\�XVHG�LQ�WKH�VWXG\�VKRZHG�H൷X[�
SXPS�DFWLYLW\�DQG�DW�OHDVW�RQH�DQWLELRWLF�KDG�DQ�H൵HFW�
[36]. In the study by Martins et al. MDR E. coli, 
Salmonella typhimurium, Salmonella enteritidis, 
Enterococcus faecalis, Enterobacter aerogenes and 
Staphylococcus aureus bacteria strains were used. 
They applied the cartwheel method in TSB agars 
with EtBr at concentrations between 0.0 mg/L and 
����PJ�/� WR� REVHUYH� WKH� SUHVHQFH� RI� H൷X[� SXPSV�
[34]. Jiang et al. used the LightCycler 96 instrument 
�5RFKH�� %DVHO�� 6ZLW]HUODQG�� WR� PHDVXUH� ����� DQG�
����QP��WKH�ÀXRUHVFHQFH�RI�(W%U�LQ�WKH�FHOO�LQ�WKHLU�
VWXG\��7KXV��WKH\�VWXGLHG�WKH�UROH�RI�H൷X[�SXPS�LQ�
FLSURÀR[DFLQ� UHVLVWDQFH� RI� Listeria monocytogenes 
they used [37].

&RQFOXVLRQ

$V�VWDWHG�LQ�RWKHU�VWXGLHV��DIWHU�WKH�H൷X[�SXPS�
activity was determined, inhibitor studies were 
performed with antibiotic combinations. Studies 
should continue to discover a non-toxic inhibitor 
DQG�WR�LQYHVWLJDWH�ZKLFK�H൷X[�SXPS�WKH�LQKLELWRU�
acts on. Thus, it is thought that it may overcome 
the major problem of antibiotic resistance. In 
WKLV� VWXG\�� H൷X[� SXPS� DFWLYLW\� ZDV� REVHUYHG� LQ�
GUXJ� UHVLVWDQW� VWUDLQV��(DFK�VWUDLQ�XVHG�KDG�H൷X[�
SXPS� DFWLYLW\�� (VSHFLDOO\�� GL൵HUHQW� ÀXRUHVFHQFH�
was observed under EtBr UV between 1.0 mg/L 
and 2.5 mg/L. It is clear that, researches about 
H൷X[� SXPSV� KDYH� DQ� H[WUHPH� LPSRUWDQFH� VLQFH�
they are important in bacterial resistance and 
this study clearly presents that each strain could 
KDYH�GL൵HUHQW� H൷X[�FDSDFLWLHV�� VR� LW� LV� LPSRUWDQW�
WR� REVHUYH� WKH� H൷X[� SXPS� DFWLYLWLHV� RI� HDFK�
PLFURRUJDQLVP� EHIRUH� FRQGXFWLQJ� H൷X[� SXPS�
inhibition researches. Various results can be 
REWDLQHG� E\� REVHUYLQJ� H൷X[� SXPS� DFWLYLW\� E\�
working with more various microorganisms.
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