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Background: The efflux pumps are one of the main mechanisms of the antibiotic 
resistance in Escherichia coli .The efflux pump inhibitors (chlorpromazine and 
omeprazole) were tested for their effect on the antibiotic resistance by inhibiting efflux 
pump activity. Objective: The present study aims to estimate the effect of some efflux 
pump inhibitors on the antibiotic resistance of some Escherichia coli isolates. 
Methodology: A total of 100 isolates of Escherichia coli were studied for antibacterial 
susceptibility pattern by disk diffusion method with and without efflux pump inhibitors 
chlorpromazine (25 µg) and omeprazole (100 µg), determination of the MIC of amikacin 
and gentamicin on 60 E.coli resistant isolates, the effect of the efflux pump inhibitors on 
the MIC of amikacin and gentamicin and PCR amplification of the efflux pump genes 
AcrD and MdfA genes. Results: The difference between  all tested antibiotics in  the 
change of resistance to totally sensitive E.coli isolates after addition of CPZ and OMP  
by disk diffustion method were statistically  highly significant (p value  <0.001), in which 
the highest  percentage value were reported for aminoglycoside antibiotics (amikacin 
and gentamicin). The highest reduction in the MIC of amikacin and gentamicin  was 
observed with chlorpromazine than omeprazole (p<0.05) .The proportion of isolates 
with greater than two-fold reductions in MIC in the presence of CPZ were 69.2% and 
50.9% for amikacin and  gentamicin  respectively  (p>0.05) while in the presence of 
OMP were  46.2% and 30.9% for amikacin and  gentamicin respectively, (p>0.05). PCR 
detection of efflux pump genes detected a high level of AcrD gene detection than MdfA 
gene (p value <0.05).The percentage of AcrD detection in amikacin and gentamicin 
resistant isolates were 77% and 87.3%  respectively, while for MdfA gene detection in 
amikacin and gentamicin resistant isolates were 59% and 71% respectively. Conclusion: 
Antibacterial efflux pumps are involved in establishment of resistance among the tested 
isolates. Chlorpromazine and Omperazole were capable of inhibiting the efflux pump 
with higher activity on aminoglycoside antibiotics. Chlorpromazine was more effective  
than Omeprazole as EPI. PCR results showed that AcrD and MdfA efflux pump genes 
contributed to the resistance of the tested aminoglycosides. 

 
INTRODUCTION 

 
Escherichia coli is an important member of the 

intestinal microbiota of humans and other mammals, it 
is a common pathogen linked with community-
associated as well as nosocomial infections

 1. 
The mechanisms responsible for increased 

antimicrobial resistances include alteration of binding 
sites, enzymes that can inactivate antibiotics, biofilm 
formation, decreased membrane permeability and active 
efflux of antimicrobials2. 
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Active efflux is now recognized as an important 
component of bacterial resistance to most   classes of 
antibiotics. This mechanism is mediated by efflux 
pumps, which are membrane-associated active 
transporters promoting the extrusion of the compounds, 
including antibiotics, from the cells 3. 

The efflux pumps of Gram-negative bacteria, which 
are involved in the extrusion of a variety of non-related 
antibiotics, obtain their energy from the proton-motive 
force (PMF). The PMF is maintained by the metabolic 
activity of the bacterium and is the result of protons 
generated from the hydrolysis of ATP that are 
transported via channels to the surface of the 
bacterium4. 
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E.coli has been shown to have at least nine different 
major proton-dependent efflux pump systems that 
confer resistance to two or more antibiotics. They 
belong to one of three genetically and structurally 
defined families: the major facilitator superfamily 
(MFS) (emrD, mdfA, emrB); the resistance–nodulation–
division (RND) family (acrB, acrF, acrD, yhiV); and 
the small multidrug resistance (SMR) family (emrE, 
tehA) 5. 

AcrD is an aminoglycoside efflux pump, which 
belong to the resistance-nodulation division (RND) 
family in E. coli.  AcrD form a tripartite complex with 
the periplasmic membrane fusion protein ( AcrA) , and 
the outer membrane channel protein (Tol-C) 6 . 

MdfA is a multidrug transporter belonging to major 
facilitator superfamily (MFS) in E. coli which was 
initially described as a membrane-associated efflux 
pump for chloramphenicol. However, detailed analysis 
of the substrate spectrum revealed that MdfA confers 
resistance to aminoglycosides, erythromycin and 
fluoroquinolones 7. 

Inhibition of efflux pumps appears to be an 
attractive approach to overcome the problem of drug 
resistance. Efflux pump inhibitors can be utilized for 
increasing the antibiotic concentration inside a 
pathogenic cell making these drugs more effective 8. 

CPZ inhibits access of calcium to Ca2+-dependent 
ATPases and therefore limits the production of protons 
required for the maintenance of the PMF. It is under 
these conditions that phenothiazine is expected to 
indirectly express its effects on the activity of the efflux 
pump and hence render the bacterium increasingly 
susceptible to the antibiotic to which it was initially 
resistant as a consequence of an overexpressed efflux 
pump 9. 

Omeprazole, a proton pump inhibitor used as an 
antiulcer agent, has been demonstrated to act as EPI on 
NorA of Gram-positive bacteria10. 
 

METHODOLOGY 
 
Bacterial isolates: 

A total   of 100 hospital acquired Escherichia coli 
isolates were collected from the infection control 
laboratory unit according to the site of infection. Out of 
the 100 collected isolates, The most common source of 
isolates are sputum isolates which represents (35%) 
followed by Endotracheal isolates (33%), Blood isolates 
(12%), urine isolates (10%) and wound isolates (10%). 
Antibiotic susceptibility patterns of E. coli Isolates: 

All isolates were screened for susceptibility to eight 
antimicrobial discs namely; Amikacin (AK, 30µg), 
Ceftraixone (CRO, 30µg), Chloramhinicol (C, 30µg), 
Doxycycline (DO, 30µg), gentamicin (CN, 10µg), 
Imipenem (IMP, 10µg), levofloxacin (LEV, 5µg), 

nitrofurantoin (F, 300 µg) using the standard disc 
diffusion method 11. All discs were supplied from 
Bioanalyse Company. 
 Effect of chlorpromazine (25 µg) and omeprazole 
(100 µg) on the antibiotic susceptibility patterns of  E. 
coli  Isolates: 

The same techniqe of antibiotic sensitivity was 
performed after addition of   the efflux pump inhibitors 
chlorpromazine (25µg /ml) and omeprazole (100 µg  
/ml) . The zone diameters in the presence of EPI were 
measured and compared with the zone diameters in 
abscence of EPI to determine the effect of efflux pump 
inhibitors on antibiotic sensitivity12. 
Determination of Minimum Inhibitory 
Concentration (MICs) of amikacin and gentamicin 
antibiotics against the resistant strains of E. coli 
isolates: 

MIC of the antibacterial agents was carried out by 
twofold serial dilution in muller-hinton broth with an 
inoculum of 1.0 x 106 cfu/ml. Growth was scored after 
an overnight incubation at 37°C13. 
Effect of  chlorpromazine and omeprazole on the MIC 
of amikacin  and gentamicin antibiotics against the 
resistant strains of E.coli : 

The MIC of the tested antibacterial agents in the 
presence of chlorpromazine (25 µg) and omeprazole 
(100 µg) were determined by the same technique . Each 
of these compounds is considered as effective efflux 
pump inhibitors if it reduces the MIC of the tested 
antibacterial agents by ≥ 4 –folds14. 

 Genotypic detection of efflux pump genes by 
polymerase chain reaction: 
 Extraction of Genomic DNA from culture: 

Genomic DNA was extracted using Quick DNA 
universal kit according to the protocol provided by 
manufacturer instructions (Zymo research, American, 
catalog No.  D 4068). 
 Amplification of DNA by PCR: 

Primer sequence for efflux pump genes is showen 
in table 1. PCR amplification procedure for AcrD and 
MdfA efflux pump genes was carried out in 20μl 
reaction volumes: 1 μl of extracted DNA, 1μl of each 
primer,10 μl master mix 2x and 7 μl of  steril Distilled 
Water. 

The following conditions were used for 
amplification of AcrD gene: Initial denaturation at 95˚C 
for 15min, denaturation at 94˚C for 60 sec, annealing at 
48˚C for 60 sec, extension at 72˚C for 60 sec and final 
extension at 72˚C for 7 min. Number of cycles were 35 
cycles. While the conditions for  the amplification of 
MdfA gene were, Initial denaturation at 95˚C for 5 min, 
denaturation at 94˚C for 60 sec, annealing at 50˚C for 
60 sec,  extension at 72˚C for 60 sec and  final extension 
at 72˚C for 7 min.  Number of cycles were 40 cycles.
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Table 1: Oligonucleotide primers used for amplification of selected efflux pump genes:  
Gene

 
Primer sequence

 
Size (bp)

 
Reference 

AcrD 
 

F: 5ˋGATTATCTTAGCCGCTTCAA 3ˋ 
R : 5ˋCAATGGAGGCTTTAACAAAC 3ˋ.

 
187 
 

[15]
 

mdfA
 

F: 5ˋ CATTGGCAGCGATCTCCTTT 3ˋ 
R: 5ˋ TTATAGTCACGACCGACTTCTTTCA 3ˋ

 
103 
 

[16] 
 

 

 
Agarose gel electrophoresis and identification of PCR 
products: 

The PCR products were visualized using agarose 
(2%) gel electrophoresis, stained with ethidium bromide 
for 45 minutes under 80V in tris borate EDTA buffer 
and visualized by ultraviolet trans illuminator. 
Statistical analysis: 

The collected data were statistically analyzed using 
the Statistics Package for Social Sciences (SPSS) 
version, 21.and the difference was considered to be 
statistically significant when P< 0.05. 

RESULTS 
 
 Results of antibacterial susceptibility testing by disk 
diffustion method:  

The susceptibility testing to eight antimicrobial 
agents was performed by disk diffustion method for the 
100 E.coli isolates. Percentage of different antibiotic 
resistance among E. coli isolates was showen in table 2 
and chart 1. 

 
 
Table 2: Frequency of antibiotic resistance pattern of E.coli isolates: 

R
 

S
 

 
No.

 
%

 
No.

 
%

 

Amikacin
 

39
 

39.0
 

61
 

61.0
 

Gentamicin
 

55
 

55.0
 

45
 

45.0
 

Chloramhinicol
 

46
 

46.0
 

54
 

54.0
 

Ceftriaxone
 

76
 

76.0
 

24
 

24.0
 

Doxycycline
 

68
 

68.0
 

32
 

32.0
 

Levofloxacin
 

77
 

77.0
 

23
 

23.0
 

Imipenem
 

15
 

15.0
 

85
 

85.0
 

Nitrofurantion
 

13
 

13.0
 

87
 

87.0
 

 
 

From the results of table 2, it is obvious that E. coli isolates exhibited maximal resistance against levofloxacin 
(77%), and minimal resistance against nitrofurantion (13%). 

 
 

 
Chart 1: Frequency of antibiotic resistance pattern of E.coli isolates. 
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Results of the effect of CPZ (25 μg/ml) and OMP (100 μg/ml) on the restoration of antibiotic susceptibilites 
against the resistant strains of E.coli by disk diffustion method.  
 
Table 3: Effect of CPZ on the restoration of drug susceptibility against  resistant strains of E.coli: 

Resistant isolates
 

Change of R to S by CPZ
 

Antibiotics
 

No.
 

No.
 

%
 

P. value
 

Amikacin
 

39
 

24
 

61.5
 

Gentamicin
 

55
 

26
 

47.3
 

Imipenem
 

15
 

4
 

26.7
 

Doxycycline
 

68
 

18
 

26.5
 

Nitrofurantion
 

13
 

3
 

23.1
 

Chloramhinicol
 

46
 

9
 

19.6
 

Ceftraixone
 

76
 

11
 

14.5
 

Levofloxacin
 

77
 

3
 

3.9
 

<0.001**
 

 

Table 3 showed that the maximum effect of CPZ on the restoration of  antibiotic susceptibility against 
aminoglycoside antibiotics, amikacin and gentamicin were 61.5% and 47.3%,respectively. 
 
 
 
Table 4: Effect of OMP on the restoration of drug susceptibility against  resistant strains of E.coli: 

Resistant isolates
 

Change of R to S by OMP
 

 
No.

 
No.

 
%

 
P. value

 

Amikacin
 

39
 

15
 

38.5
 

Gentamicin
 

55
 

16
 

29.1
 

Imipenem
 

15
 

3
 

20.0
 

Doxycycline
 

68
 

11
 

16.2
 

Nitrofurantion
 

13
 

2
 

15.4
 

Chloramhinicol
 

46
 

5
 

10.9
 

Ceftraixone
 

76
 

4
 

5.3
 

Levofloxacin
 

77
 

2
 

2.6
 

<0.001**
 

 

Table 4 showed that the maximum effect of OMP on the restoration of antibiotic susceptibility against 
aminoglycoside antibiotics amikacin and gentamicin were 38.5% and 29.1%, respectively .  
 
 
 
Table 5:  comparison between the effect of CPZ and OMP on the restoration of drug susceptibility against  
resistant strains of E.coli. 

R
 

Change of R  by CPZ
 

Change of  R by OMP
 

Antibiotics
 

No.
 

No.
 

%
 

No.
 

%
 

 
P. value

 

Amikacin
 

39
 

24
 

61.5
 

15
 

38.5
 

0.035*
 

Gentamicin 
 

55
 

26
 

47.3
 

16
 

29.1
 

0.038*
 

Imipenem
 

15
 

4
 

26.7
 

3
 

20.0
 

0.889
 

Doxycycline 
 

68
 

18
 

26.5
 

11
 

16.2
 

0.137
 

Nitrofurantion 
 

13
 

3
 

23.1
 

2
 

15.4
 

1.000
 

Chloramhinicol 
 

46
 

9
 

19.6
 

5
 

10.9
 

0.383
 

Ceftraixone 
 

76
 

11
 

14.4
 

4
 

5.3
 

0.0570
 

Levofloxacin 
 

77
 

3
 

3.9
 

2
 

2.6
 

0.999
 

 
 

The difference between the effect of CPZ and OMP on aminoglycoside resistance was highly significant (p value  
<0.05) but not  statistically significant on other antibiotics. 
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Chart 2: Effect of CPZ and OMP on the restoration of drug susceptibility against resistant strains of E.coli. 

 
 
Results of Minimum Inhibitory Concentration (MICs) of amikacin and gentamicin against the resistant strains 
of E. coli: 

MIC was performed on only E. coli Isolates which were resistant to amikacin and gentamicin antibiotics by disc 
diffusion method. Susceptibility break points for amikacin (≤ 16µg/ml) and gentamicin (≤ 4 µg/ml) (Table 6 ). 
 
Table 6: MIC of amikacin  and gentamicin against the resistant strains of E. coli . 

MIC
 

64 μg/ml
 

128 μg/ml
 

256 μg/ml
 

512 μg/ml
 

1024 μg/ml
 Antibiotic

 No of Resistant 
isolates

 

N
 

%
 

N
 

%
 

N
 

%
 

N
 

%
 

N
 

%
 

Amikacin
 

39
 

2
 

5.1
 

5
 

12.8
 

7
 

17.9
 

15
 

38.5
 

10
 

25.6
 

Gentamicin
 

55
 

0
 

0
 

6
 

9
 

9
 

16.3
 

17
 

30.9
 

24
 

43.6
 

  
 

Table 6 showed that MIC range of amikacin was from 64 to 1024 μg/ml while gentamicin was from 128 to 1024 
μg/ml. 
 
 
Results of the effect of CPZ and OMP on the MICs of amikacin and gentamicin against the resistant strains of E. 
coli. 
 
Table 7: Effect of CPZ and OMP on  the MICs  of amikacin against the resistant strains of E.coli: 

X-fold decrease in MIC of amikacin after addition of CPZ and OMP
 

2 fold
 

4 fold
 

8 fold
 

32fold
 

Efflux pump 
inhibitor 
 

No of 
resistant 
isolates

 
n

 
%

 
n

 
%

 
n

 
%

 
n

 
%

 

CPZ 
 

39
 

5
 

12.8
 

17
 

43.6
 

8
 

20.5
 

2
 

5.1
 

OMP 
 

39
 

7
 

17.9
 

15
 

38.5
 

3
 

7.7
 

0
 

0
 

  
 

From the results of table 8 it was found that the fold decrease in MIC by CPZ ranged from 2-32 fold while by OMP 
it was from 2-8 fold.  
 
 
Table 8: Effect of CPZ  and OMP on  the MICs  of gentamicin against the resistant strains of E.coli: 

X-fold decrease in MIC of Gentamicin after addition of CPZ and OMP
 

2 fold
 

4 fold
 

8 fold
 

16fold
 

Efflux pump 
inhibitors 

 No of 
resistant 
isolates

 
n

 
%

 
n

 
%

 
n

 
%

 
n

 
%

 

CPZ 
 

55
 

7 12.7 17 30.9 7 12.7 4 7.3 
OMP 

 
55

 
10 18.8 15 27.3 2 3.6 0 0 
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  From the results of table 8 it was found that the fold decrease in MIC by CPZ ranged from 2-32 fold while by 
OMP it was from 2-8 fold. 
 
 Results of the significant effect of CPZ and OMP on the MICs  of  amikacin and gentamicin antibiotics against 
the resistant strains of E. coli  

Each of selected agents was considered effective EPI if its combination with the tested aminoglycoside showed 4-
folds or more reduction in the MIC. 
 
 
Table 9 : The significant Effect of  CPZ on the MIC of amikacin and gentamicin: 

>4 fold decrease in MIC by CPZ
 

Antibiotic
 

No of resistant isolates
 

No.
 

%
 

P. value
 

Amikacin
 

39
 

27
 

69.2
 

Gentamicin 
 

55
 

28
 

50.9
 0.0757

 

  
 

  From the results of table 9 it was found that >4fold decrease in MIC by CPZ for amikacin and gentamicin was( 
69.2% and 50.9%), respectively.( p-value >0.05). 
 
 
Table 10: The significant Effect of  OMP on the MIC of amikacin and gentamicin: 

>4 fold decrease in MIC by OMP
 

Antibiotic
 

No of resistant  
isolates

 
No.

 
%

 
P. value

 

Amikacin
 

39
 

18
 

46.2
 

Gentamicin
 

55
 

17
 

30.9
 0.1320

 

  
 

It was found that >4 fold decrease in MIC by OMP for amikacin and gentamicin  (46.2 % and 30.9 %)  
respectively.( p-value >0.05). 
 
Table  11: Comparison between the significant Effect of OMP and CPZ on the MIC of amikacin and gentamicin: 

>4 fold Change in MIC by 
CPZ

 >4 fold  
Change in MIC by OMP

 Antibiotic
 

No of resistant  
isolates

 

No.
 

%
 

No.
 

%
 

P. value
 

Amikacin
 

39
 

27
 

69.2
 

18
 

46.2
 

0.033*
 

Gentamicin 
 

55
 

28
 

50.9
 

17
 

30.9
 

0.0329*
 

  
 

The difference between the   significant effect of chlorpromazine and omeprazole on the MIC of amikacin and 
gentamicin is statistically significant (p < 0.05). 

 
 

 
Chart 3:  The significant Effect of OMP and CPZ on the MIC of amikacin and gentamicin. 
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 Results of PCR  for the amplification of efflux pump genes: 
The AcrD gene amplicone was detected at 187 bp while MdfA amplicon was detected at 103 bp (photo 1) .The 

prevelance of AcrD and MdfA efflux pump  genes among amikacin and gentamicin resistant isolates were showen in 
table 12. 
 
Table  12: Prevelance of AcrD gene and MdfA gene among amikacin and gentamicin resistant E.coli. 

AcrD gene
 

MdfA gene
 

Positive
 

Negative
 

Positive
 

Negative
 

   P- value
 

 
Antibiotic

 No of 
resistant 
isolates

 
N

 
%

 
N

 
%

 
N

 
%

 
N

 
%

 

Amikacin
 

39
 

30
 

77
 

9
 

23
 

23
 

59
 

17
 

43.6
 

Gentamicin
 

55
 

48
 

87.3
 

7
 

12.7
 

39
 

71
 

16
 

29
 

 
    0.019*

 

 

 
Fig. 1: Agarose gel  electrophoresis of PCR amplified 

AcrD efflux pump gene 

 
Lanes: M, 100 bp DNA Ladder; (1- 11) PCR products 

of AcrD  gene (187bp); N: negative control 
 
 
Fig. 2: Agarose gel  electrophoresis of PCR amplified 
MdfA efflux pump gene: 

 
Lanes: M, 100 bp DNA Ladder; (1- 9) PCR products of 
MdfA  gene (103bp); N: negative control 
 

DISCUSSION 
 

Many investigations have been performed on 
antibiotic resistance in Escerichia coli with different 
results depending on time and  region. The results of 
this study showed the rates of antibiotic resistance to 

levofloxacin as 77%, ceftriaxone as 76%, doxycycline 
as 68%, chloramhenicole as 46%,, gentamicin as 55%, 
amikacin 39 % ,imipenem 15% and  nitrofurantion  
13%. 

Our percentages of resistance were higher than that 
reported by 17 who found that resistance to levofloxacin 
(63.3%), ceftriaxone (68.9%), gentamicin (52.2%), 
amikacin (5.6%) and imipenem (0%). 

A previous Egyptian study by 18, found that all the 
isolated Escerichia coli  were sensitive to imipenem and 
the resistant rates for nitrofurantion ,gentamicin, 
levofloxacin, amikacin and chloramhenicol are 
63.3%,63.3%, 60% ,53.3% and 40% respectively, in 
which the resistant rates for nitrofurantion, gentamicin 
and amikacin are higher than our study. 

In another study performed by 19, the resistant rates 
for chloramphenicol, ceftriaxone, gentamicin and 
doxycycline were 65.5%, 62%, 51.7% and 44.8%  
respectively, in which the resistant rate for 
chloramphenicol was higher than our study. 

An Egyptian study performed by 20, the resistant 
rates for levofloxacin, ceftriaxone, gentamicin  and 
amikacin were 100% ,100% ,100% and 55%  
respectively, in which  all the resistant rates were higher 
than our study. 

The antibiotic resistant rates of E.coli isolates to 
amikacin has been reported as 16% by  21 ,58,3%  by 22 
and  44,8% by 23, , in which the resistant rates were 
higher than our study except that reported by 21. 

The antibiotic resistant rates of E.coli to gentamicin 
has been reported as 95,8% by  22 , 0% by 24 and  68,7%  
by 23 , in which the resistant rates were higher than our 
study except that reported by 24. 

The antibiotic resistant rates of E.coli to 
nitrofurantion  has been reported as 5.5% by  25 ,17.9 % 
by  26 and 68,7% by 27, in which the resistant rates were 
higher than our study except 25. 

The antibiotic resistant rates of  E.coli  isolates for  
ceftriaxone  has been reported as 38,8% by 23 45.6 % 
by28, in which the resistant rates were lower than our 
study . 

The antibiotic resistant rates of E.coli to imipenem  
has been reported as 0% by 24,  0 % by 23 and  14.1% by 
28, in which the resistant rates were lower than our 
study. 
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The antibiotic resistant rates of E.coli to 
Chloramhinicol has been reported as 92.4% by 29 ,  
65.5% by 19 and  0%  by 30,  in which the resistant rates 
were higher than our study. 

The antibiotic resistant rates of E.coli to 
levofloxacin has been reported as 59 % by 31, 13.6%  by 
32  and  65 %by 33, in which the resistant rates were 
lower than our study. 

The antibiotic resistant rates of E.coli to 
doxycycline has been reported as 44.8% by 19, 79.3% 
by 34  and 66.7% by 31 , in which the resistant rates were 
lower than our study except 34. 

The determination of the effect of  EPI on the  
antibiotic susceptibility by disk diffustion method was 
one of the methods  used for screening of efflux  pump 
activity in bacteria 12.  In our study, Two EPIs (CPZ and 
OMP) were used to determine the efflux pump 
contribution to antibiotic resistance.   

In Our study, the difference between  all tested 
antibiotics in  the change of resistance after addition of  
EPI  were statistically  highly significant (p value  
<0.001), in which the highest  percentage value were 
reported for aminoglycoside antibiotics . 

From Table 5 and chart 2 , it was showen that that 
the difference between the effect of CPZ and OMP on 
aminoglycoside resistance were statistically significant 
(p value  <0.05), but not significant in the resistance of 
other tested antibiotics.  

Nguyen et al .,35 , performed disc diffusion system 
to determine the effect of the efflux pump inhibitor, 
PAβN  on the antibiotic susceptibility against  E. coli 
isolates .After treatment with PAβN, E. coli isolates 
increased their inhibition zone diameters in the disc 
diffusion test to all investigated antimicrobials .The 
percent o5f strains that increased their zone diameter by 
at least one mm was greatest for ciprofloxacin (39.3%), 
followed by chloramphenicol (27.1%), gentamicin 
(25.2%), ampicillin (16.8%), trimethoprim/ 
sulphamethoxazole (16.8%), and tetracycline (7.7%) .  
The treatment resulted in reductions in absolute levels 
of resistance prevalence of 3.3%, 2.6%, 2.6%, and 0.7% 
for chloramphenicol, ciprofloxacin, ampicillin, and 
gentamicin, respectively. No changes in the prevalence 
of resistance for trimethoprim/sulphamethoxazole and 
tetracycline were observed..The prevelance values for 
gentamicin and chloramphenicol were lower than our 
study. 

Jeyaseeli et al.,36 performed the disk diffustion 
method for the  determination of the effect of EPI 
flupenthixol dihydrochloride (Fp) (closely related to 
CPZ )  on the  antibiotics resistance  against E. coli 
isolates and reported that the EPI changed the 
resisitance of gentamicin, streptomycin and penicillin  
to fully sensitve and no effect with choloramhinicol and 
tetracycline. 

Minimal Inhibitory Concentrations (MICs) of 
aminoglycoside against selected E. coli isolates ranged 

from 64 to 1024 µg/ml for amikacin and from 128 
to1024 µg/ml for gentamicin. These results  of MIC 
range  were lower than  that obtained by 29 who reported 
that MIC range of amikacin against E.coli isolates 
>1024 µg/ml and MIC range of gentamicin 512- 
>1024µg/ml. 

Also these results  of MIC range  were lower than  
that obtained by37 who reported that MIC range of 
amikacin  and gentamicin against E.coli isolates ≥512 
µg/ml . 

By measuring the ability of chlorpromazine and 
omeprazole to decrease the MICs of amikacin, it was 
found that chlorpromazine decreased amikacin MIC by 
≥ 4 folds against 69.2% of isolates while omeprazole 
decreased amikacin MIC by ≥4 folds against 46.2 
% of isolates. R e g a r d l e s s  o f  gentamicin it was 
found that chlorpromazine decreased gentamicin MIC 
by ≥ 4 folds against 50.9% of isolates while 
omeprazole decreased gentamicin MIC by ≥ 4 folds 
against 30.9 % of isolates.  

Coutinho et al.,38 reported that CPZ decreased 
amikacin MIC by fourfold decrease from 64 to 16 µg/ml 
. Rodrigues et al.,39 reported that chlorpromazine 
decreased amikacin MIC by ≥ 4 folds against 83.3%  
of isolates , this rate was higher than our study. 

Jayshree et al.,36 reported that chlorpromazine 
decreased gentamicin MIC by ≥ 4 folds against 90%  
of isolates , this rate was higher than our study. 

El-Naggar  et al.,18  reported that omperazole had 
the lowest effect on MIC of the gentamicin as it 
decreased MIC of gentamicin,by 4 folds or more against 
50%,  of E. coli, this relatively agreed with our results. 

The concentration of CPZ selected as EPI always 
less than  half   the MIC of CPZ .  The MIC of CPZ was 
recorded  at (60 µg/ml) 41  . CPZ exerts abactericidal 
effect at concentration greater than it is  MIC,this effect 
may be due to the agent reaches the DNA and via 
intercalation  binds to sites of the DNA that are rich in 
guanosine and cytosine bases . When intercalation takes 
place, it is irreversible and therefore inhibits all DNA 
based processes 42 .In the other, omeprazole not showed 
any affect on the growth of E.coli  strains up to 
concentration ( 2500 µg/ml ) as reported by  15. 

The results of PCR amplification, illustrated the 
presence of the AcrD efflux  pump gene in 51 isolates ( 
85% ), while the MdfA efflux pump gene was reported 
in  40 isolates (66.7%). The prevelance of AcrD gene 
among amikacin  and gentamicin  resistant isolates were 
77% and 87.3% respectively, while The prevelance of  
MdfA gene among amikacine and gentamicine resistant 
isolates were 59% and 71%  respectively. 

In a previous study by reported by 6 that AcrD of 
Escherichia coli is an aminoglycoside efflux Pump  and 
deletion of the acrD gene decreased the MICs of 
amikacin, gentamicin, neomycin, kanamycin, and 
tobramycin by a factor of two to eight. 
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