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ABSTRACT

The mortality rates has been increased globally due to multidrug resistant (MDR) E.coli and A.baumanii
bacterial strains and also there is an emerging resistance of the Enterobacteriaceae family of bacteria
to Carbapenem antibiotics (CRE) in Saudi Arabia. The main aim of our research study is to isolate E.coli
and A. baumannii bacterial species from various collected clinical samples and to evaluate the MIC and
FICI of Colistin, Ciprofloxacin, Meropenem and ZnO NPs and in combination of Colistin, Ciprofloxacin,
Meropenem with ZnO NPs.

The clinical isolated strains of A. baumannii (MRO-17-13) and A. baumannii (MRO-17-25) was found to
be sensitive towards colistin with 0.5 pg/mL concentration, whereas, all the isolated A. baumannii strains
showed similar MIC value 2 mg/mL when tested with ZnO NPs, the MIC value for the ZnO NPs was found
to be similar for all the E.coli strains 0.25 mg/mL. The effects of all Ciprofloxacin concentrations used in
the study were bacteriostatic against E. coli (01UR19006568-01) strain but 1 mg/mL concentration of ZnO
NPs alone is showed bactericidal activity, ZnO NPs effect was found to be concentration dependent, as
highest concentration of ZnO NPs showed strongest antibacterial effect. In conclusion, more investigation
is required to evaluate the acceptable concentration of Zno NPs and antibiotics selected to avoid toxicity
and must be tested against more clinically isolated gram-negative bacterial strains.
© 2021 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

came from the central part of Saudi Arabia (Riyadh) (Alotaibi,
2019), not only the Carbapenem resistance, other types of antibi-

As the significant rate of mortality and morbidity caused by
multidrug-resistant (MDR) has been increased in intensive care
units has resulted an enormous challenge globally to public health

[Clark et al., 2016]. Many research studies reported, that there is
an emerging resistance of the Enterobacteriaceae family of bacteria
to Carbapenem antibiotics (CRE) in Saudi Arabia province (Kader
and Kumar, 2004), as we have selected Meropenem broad-
spectrum antibiotic belongs to the Carbapenem class and more-
over a recent, study in Saudi Arabia on Carbapenem-resistant
Enterobacteriaceae concluded that most reports related to CRE
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otic also requires global attention to limit the spread of infections
(Zowawi et al., 2013).

Zno NPs is listed as generally recognized as safe (GRAS) by the
United States Food and Drug Administration (FDA) (Xie et al,
2011), as reported in the previous studies the toxic effect of ZnO
NPs against Gram-negative and Gram-positive bacteria as well as
against human T lymphocytes, nanoparticles have selective toxic-
ity towards bacteria while having negligible toxicity towards
human cells (Kumar et al., 2017, Reddy et al., 2007).

Colistin antibiotics are used as a last resort for the treatment of
most of the infections globally, resistance to Colistin by Gram-
negative bacteria has already been reported in the later studies
(Zowawi, 2016, Loho and Dharmayanti, 2015). As reported in the
previous case study, Colistin-resistant E. coli carrying the mcr-1
gene on conjugative plasmids from a blood sample were first
reported in Saudi Arabia a case of plasmid mediated Colistin-
resistance in the Arabian Peninsula (Sonnevend et al., 2016). It
has been updated in the recent review that, the colistin mecha-
nisms of action and various mechanism to develop resistance
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against colistin in the past two decades has been discussed
(ElI-Sayed Ahmed et al., 2020).

Another study conducted on A. baumannii isolates obtained
from a Saudi tertiary care hospital in 2015 concluded that the rate
of susceptibility of these isolates to Colistin was 95.6%, while 50%
of the isolates were susceptible to Meropenem (Elabd et al,
2015). Moreover, A recent report from the Al-Ahsa region identi-
fied 11% of A. baumannii ICU isolates to be resistant to Colistin
(Badger-Emeka et al.,, 2018). Taken together, these surveillance
reports suggest that bacterial Colistin resistance is an increasing
problem in Saudi Arabia. In the search for ways to tackle this prob-
lem, combination therapy offers one promising approach
(Petrosillo et al., 2008).

The checkerboard method is a traditional method that tests
synergy between two or more drug combinations. It reflects the
bacterial growth inhibition based on MIC results, by using an equa-
tion to calculate the fractional inhibitory concentration index
(FICI). The resulting index is interpreted as synergy, additive, indif-
ference, or antagonism (Martinez-Irujo et al., 1996, Cappelletty and
Rybak, 1996). Time-Kkill curve is another traditional method to test
synergy between drug combinations. Synergy, additive, or antago-
nism results are determined by comparing the difference in colony
counts of an organism over time intervals after exposure to the
drug alone and after exposure to the combination therapy of two
or more drugs (Cappelletty and Rybak, 1996).

The purpose of this study is to isolate E.coli and A. baumannii
bacterial species from various clinical samples, to evaluate the
MIC and FICI of Colistin, Ciprofloxacin, Meropenem and ZnO NPs
and in combination of Colistin, Ciprofloxacin, Meropenem with
Zn0O NPs.

2. Methodology

2.1. Clinical samples collection and isolation of E.coli and A.baumannii
strains

All the clinical samples have been collected from KKUH(King
Khalid University hospital), King Saud university, Riyadh. The dif-
ferent clinical samples as Respiratory/Sputum, blood, urine,
abdominal drainage and body fluid have been collected in sterile
bottles and shifted to the laboratory for the isolation of E.coli and
A.baumanni bacterial strains. Reference standard bacterial strain
E. coli ATCC 25,922 were used for quality control in all procedures
and assays of the study, ensuring that the MIC values of reference
strain were in the acceptable range according to Clinical Laboratory
Standards Institute guidelines (Wayne, 2018).

The clinical samples were collected between 2016 and 2018
from different body sites of patients. The clinical isolates that we
were able to identify their sites are shown in (Table 1). They were
routinely cultured and identified by conventional laboratory tech-
niques based on colony morphology and lactose fermentation on

Table 1
The Isolates Codes and their Isolation Sites.

Site of Isolates Number of Isolates Isolate Serial Number

Urine 2 E. coli (01-UR19006568)

E. coli (01-UR19000135)
N/A 2 E. coli (KPC-16-7)

E. coli (KPC-18-19)
Respiratory/ Sputum 2 A. baumannii (MRO-17-13)

A. baumannii (MRO-17-26)
Blood 1 A. baumannii (MRO-17-25)
Wound 1 A. baumannii (MRO-16-8)
N/A 1 A. baumannii (CRA-16-8)

(N/A) not been identified.
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MacConkey agar plates, and by the Micro Scan Walk-Away® sys-
tem (Beckman Coulter Inc.) by KKUH. Isolates that showed resis-
tance or elevated MIC were kept for further investigation, stored
at — 80 °C in skim milk media with glycerol, which was purchased
ready-made (Oxoid Ltd, Hampshire, UK).

2.2. Antibacterial agent and ZnO NPs stock solution preparation

Pure powdered antibiotics, namely Meropenem trihydrate > 98.
0% (HPLC) (Sigma-Aldrich, St. Louis, USA), Ciprofloxacin > 98.0%
(HPLC) (Sigma-Aldrich, St. Louis, USA), Colistin sulfate
salt > 15000 U/mg (Sigma-Aldrich, St. Louis, USA), and ZnO NPs
(50 nm diameter) (Sigma-Aldrich, St. Louis, USA), were all used
as antibacterial agents.

Antibiotic stock solution was prepared for Meropenem trihy-
drate at a concentration of 1.6 mg/mL in Dimethyl sulfoxide
(DMSO) as a solvent, Ciprofloxacin stock solution was prepared
at a concentration of 1.6 mg/mL in 0.1 N HCL as an aqueous acidic
solvent and the Colistin stock solution was prepared at a concen-
tration of 3.2 mg/ml in sterile distilled water.

The ZnO NPs suspension was prepared at a concentration of
16 mg/ml in sterile distilled water.

2.3. Minimum inhibitory concentration (MIC)

The broth microdilution method was followed to determine the
MIC of all the isolated bacterial strains and standard strain, Costar
96-well Polystyrene Cell Culture Cluster with flat bottom plate
(Corning Inc., Corning, N.Y.) were used.

To prepare the broth microdilution method, 100 pL MHB was
added to the microtiter plate, from column two to column twelve
and first column was left empty, the antibiotic stock solution, pre-
viously prepared in Section 2.2, was taken out of the -20 °C stor-
age, and thawed. After thawing, this stock solution was diluted
1/100 in a separate tube containing MHB, with 20 pL of the stock
solution added to 1980 pL MHB to get a concentration of 16
png/mL. Then, 200 pL of this dilution was added to all the wells of
the first column in the microtiter plate, and double diluted by tak-
ing 100 pL from the first column to the second one using the mul-
tichannel pipette, using new tips for each dilution step until
reaching the tenth column. The mixing for each step was done sep-
arately using the multichannel pipette. Finally, 10 pL of the bacte-
rial suspension, prepared was as described in Section 2.1, was
added to the whole plate except column number twelve. Column
twelve was the negative control, and contained only 100 pL
MHB. Column eleven was used as a positive control; it contained
MHB and the bacterial suspension. MIC was determined by com-
paring the growth of test bacteria in the wells with the positive
and negative controls.

2.4. Checkerboard assay

The checkerboard assay was performed for the combinations of
colistin and Zno NPs, Ciprofloxacin and Zno NPs and Meropenem
and Zno NPs against Isolated E.coli and A.baumanni strains using
doubling dilutions.

To prepare the checkerboard plate, first, the antibiotic stock
solution, previously prepared as described in Section 3.2, was
taken out of the -20 °C storage, and thawed. After thawing, this
stock solution was diluted 1/100 in a separate tube containing
MHB, with 40 pL of the stock solution added to 3960 pL MHB to
get a concentration of 16 pg/mL. Then, eight tubes were arranged
in a rack and each was filled with 2 mL MHB. The first prepared
antibiotic concentration (16 pg/mL) was double diluted by placing
2 mL of it in one of the tubes containing 2 mL MHB, making a con-
centration of 8 pg/mL, and this process was repeated for each
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further tube until reaching a final concentration of 0.06 pg/mL.
Next, 100 pL of the first concentration (16 pg/mL) was added to
all the wells in column two of a microtiter plate, except the well
in the top row (row A). This process was repeated for the rest of
the dilutions, moving across the columns from the highest to the
lowest concentration, until column number ten. Then, the wells
in row A, which had been left empty, were filled with 200 pL of
the antibiotic dilutions, starting from the 2A well containing the
first concentration (16 pig/mL), until column number ten, with well
1A remaining empty. Columns eleven and twelve were used as
positive and negative controls respectively. The positive control
contained 200 pL MHB and the bacterial suspension, while the
negative control contained only 200 pL liquid media (MHB).

Fractional inhibitory concentration index (FICI) values were cal-
culated as

FICI = FIC A (MIC antibiotic A in combination)/(MIC antibiotic A)
-+, FICB(MICantibioticBincombination) /(MICantibioticB)

2.5. Time-Kill method

The time-kill method is used to test the bactericidal activity of
selected antibiotic and Zno NPs alone and in combination. The
Microtiter plate was prepared for the time-kill method contained
the antibiotic alone in one row (row A), the ZnO NPs suspension
alone in another row (row C), and the combination of these two
agents in a separate row as well (row B). To prepare the microtiter
plate, first, the antibiotic MIC for the tested strain was determined
as described in Section 2.3. Second, the stock solution of the antibi-
otic of choice, prepared as described in Section 2.2, was diluted to a
concentration equal to four times the MIC (4 x MIC) for the tested
bacterial strain, Third, serial double dilutions were done to get con-
centrations equal to double the MIC (2 x MIC) and the MIC concen-
tration of the antibiotic for the tested strain. Next, three wells from
the first row (row A) of the 96- well microtiter plate were each
filled with 200 pL of the decreasing concentrations of the antibi-
otic, starting with (4 x MIC), then (2 x MIC), and finally (MIC) con-
centration. In the same way, three wells from the second row (row
B) were also filled with 100 pL of antibiotic concentration (4 x MIC,
2 x MIC, and MIC). In some cases, half the MIC and quarter the MIC
(0.5 x MIC, 0.25 x MIC) were also added. Like in the case of highly
resistant isolates that had a very high MIC value, using 4 x MIC,
and 2 x MIC was not possible because of the possibility of a toxic
effect to occur. Also, in the case where the MIC value was equal to
the MBC value, half the MIC and quarter the MIC (0.5 x MIC,
0.25 x MIC) were also added.

For the ZnO NP suspension, the following steps were carried
out: First, 1 mL of the stock ZnO/water suspension was prepared
as described in Section 3.2., with a concentration equal to
(8 x MIC) for the tested organism. Then, serial double dilution
was done in separate tubes. To do this, four tubes were arranged
in a rack and each filled with 0.5 mL sterile water; the first concen-
tration (8 x MIC) was double diluted by taking 0.5 mL from it and
adding this to the next tube, with this process being repeated until
reaching a concentration of (MIC). Then, 0.5 mL MHB was added to
each of these tubes to support the bacterial growth. This gave us
four tubes containing 1 mL of decreasing concentrations of ZnO
NP suspension in MHB, starting with a concentration equal to four
times the MIC (4 x MIC), then double the MIC (2 x MIC), MIC con-
centration (MIC), and half the MIC (0.5 x MIC) for each tested
strain. Next, using the same microtiter plate as for the antibiotic
solution, three wells of the second row (row B), which already con-
tained 100 pL antibiotic solution, were filled with 100 pL of
(0.5 x MIC) ZnO NP suspension prepared. Then three wells of the
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third row (row C) were each filled with 200 puL of decreasing con-
centrations of the ZnO NPs suspension prepared. This resulted in
the second row (row B) having different combinations of antibiotic
and (0.5 x MIC) of nanoparticle suspension, with a final volume of
200 pL. Additionally, one well was used as a positive control, with
200 pL of the MHB and the bacterial suspension, while another
well was used as a negative control, with 200 pL of the MHB only.
All the wells except the negative control were inoculated with
20 pL of the prepared bacterial suspension as described in Sec-
tion 3.1. Finally, the 96-well plate was incubated at 37 °C in a 5%
CO02 incubator.

Bacteriostatic and bactericidal activities are defined as < 3 log10
and > 3 log10 reductions in CFU/mL at 24-hour, respectively, rela-
tive to the starting inoculum. Synergy is defined as a > 2 log10
decrease in CFU/mL for the combination in comparison to its most
active agent after 24 h. Indifference is defined as < 1 log10 CFU/mL
decrease compared to the most active agent alone at 24 h. Additive
is < 2 log10 CFU/mL decrease after 24 h.

3. Results

To analyse the effect of combination of ZnO NPs with antibiotics
meropenem, ciprofloxacin and colistin, the minimum inhibitory
concentration and fractional Inhibitory Concentration Index is cal-
culated to see the effectiveness of these antibiotics and ZnO NPs in
controlling the E.coli and A. baumannii infections. A. baumannii
(MRO-17-13) and A. baumannii (MRO-17-25) was found to be sen-
sitive towards colistin with 0.5 pg/mL concentration, where as all
the isolated A. baumannii strains showed similar MIC value 2 mg/
mL when tested with ZnO NPs. The standard E.coli (ATCC 25922)
strain showed sensitivity to Ciprofloxacin 0.008 pig/mL, more over
other two isolated strains E. coli KPC-18-19 and E. coli 01-
UR19006568 was resistant with MIC values 16 and 32 pg/mlL,
E. coli (01-UR19000135) was sensitive with MIC value 0.0625 pg/
mL, whereas, the MIC value for the ZnO NPs was found to be sim-
ilar for all the E.coli strains 0.25 mg/mL (Table 2).

The Fractional inhibitory concentration index of ZnO NPs and in
combination with Meropenem, Ciprofloxacin and Colistin has been
done but we did not get the synergistic effects for all the combina-
tion, A. baumannii (MRO-17-25), A. baumannii (MRO-16-8) and A.
baumannii (MRO-17-26) has shown additive effect to combination
of colistin + ZnO NPs with FICI values 0.58, 0.53 and 0.55, whereas,
the all E.coli strains were not been tested for this combination.
Where as indifference results were shown for Meropenem and
ZnO NPs combination against E. coli (KPC-18-19) and A. baumannii
(MRO-17-13) strains with FICI values 1.25 and 2, in contrast Cipro-
floxacin and ZnO NPs combination also showed indifference effects
on some of E.coli and A. baumannii strains (Table 3).

3.1. Time-kill curve of E. Coli (ATCC 25922)

The ATCC 25,922 E coli strain was found to be sensitive to Cipro-
floxacin, after 4-hour incubation at a concentration of 0.032 ug/mL
showed no growth, whereas, when treated with 0.016 pg/mL
showed no growth even after 8-hour incubation (Fig. 1). When
treated with ZnO NPs (0.25, 0.5, 1) mg/mL concentrations showed
bactericidal effect after 24-hour incubation and when treated with
0.125 mg/mL ZnO NPs showed bacteriostatic effect, which indi-
cates that effect of ZnO NPs is concentration dependent.

An additive effect has been showed for the combination of
0.008 pg/mL Ciprofloxacin and 0.125 mg/mL ZnO NP in contrast
an indifference result was seen for the combination of
0.125 mg/mL ZnO NP and 0.004 ug/mL Ciprofloxacin.
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Minimum Inhibitory Concentration (MIC) of Antibiotics and ZnO NPs of isolated E.coli and A baumannii strains.

Organism Antibiotic pg/mL
Meropenem Ciprofloxacin Colistin ZnO NPs (mg/mL)

E. coli N/T 0.008(S) N/T 0.25
ATCC 25,922

E. coli 16 (R) N/T N/T 0.25
KPC-16-7

E. coli N/T 16 (R) N/T 0.25
KPC-18-19

E. coli N/T 32 (R) N/T 0.25
01-UR19006568

E. coli N/T 0.0625 (S) N/T 0.25
01-UR19000135

A. baumannii 4 (1) 0.125 (S) 0.5 (S) 2
MRO-17-13 +0

A. baumannii N/T 8 (R) 0.5 (S) 2
MRO-17-25

A. baumannii N/T N/T 2(S) 2
MRO-16-8

A. baumannii N/T N/T 2(S) 2
MRO-17-26

A. baumannii N/T N/T 4 (R) 2
CRA-16-8

(R) Resistant, (S) Sensitive, (I) Intermediate, (N/T) not been tested.

*MIC value breakpoints: Meropenem (S < 2, [ = 4, R > 8), Ciprofloxacin (S < 1, = 2, R > 4), and Colistin (S < 2, R > 4).

Table 3
Fractional Inhibitory Concentration Index (FICI) for the combination of ZnO NPs with
Meropenem, Ciprofloxacin, and Colistin.

Organism FICI Values
Meropenem Ciprofloxacin Colistin

E. coli N/T 0.82 (A) N/T
ATCC 25,922

E. coli 1.25 (1) N/T N/T
KPC-16-7

E. coli N/T 1.03 (1) N/T
KPC-18-19

E. coli N/T 1.0009 (I) N/T
01-UR19006568

E. coli N/T 1.22 (1) N/T
01-UR19000135

A. baumannii 2 (D) 1.35(I) 1.18 ()
MRO-17-13

A. baumannii N/T 0.59 (A) 0.58 (A)
MRO-17-25

A. baumannii N/T N/T 0.53 (A)
MRO-16-8

A. baumannii N/T N/T 0.55 (A)
MRO-17-26

A. baumannii N/T N/T 1.01 (I)
CRA-16-8

(S) Synergy, (A) Additive, (I) Indifference, (N/T) not been tested.
*FICI value interpretation: Synergy < 0.5, additive > 0.5 and < 1.0, Indifference > 1
and < 4.0 and Antagonism > 4.0.

3.2. Time-kill curve of E. Coli (01UR19006568-01)

The effects of all Ciprofloxacin concentrations used in the study
were bacteriostatic against E. coli (01UR19006568-01) strain,
whereas, 1 mg/mL concentration of ZnO NPs alone is showed bac-
tericidal effect, but the rest of ZnO NPs concentrations were bacte-
riostatic. Moreover, combination of 0.125 mg/mL ZnO NPs and (32,
16) pg/mL Ciprofloxacin was found to be bactericidal, and the
effect of these combinations is considered to be additive (Fig. 2)
(see Fig. 3).

3.3. Time-Kill curve of E. Coli (KPC-18-24)

The E. coli (KPC-18-24) strain was found to be resistant to
Ciprofloxacin, with MIC > 32 pg/mL and no antibacterial effect

5335

was seen, whereas, increase in the log10 CFU/mL was observed
for all concentrations. The effect of ZnO NPs was concentration
dependent, as highest concentration of ZnO NPs showed strongest
antibacterial effect and bacteriostatic effect of ZnO NPs for this
resistant isolate was detected. The largest decline in viable CFU/
mL was achieved by the effect of all the combinations of ZnO
NPs with Ciprofloxacin, synergy was found (Figures).

4. Discussion

Infections caused by Multi drug resistant bacteria pose a major
threat to global public health, application of nanotechnology in
combination with antibiotics are being explore to counter this
threat is becoming particular interest of choice. This study has
explored the effect of using ZnO NPs in combination with Merope-
nem, Ciprofloxacin, and Colistin, against Gram-negative resistant
and sensitive bacteria. Following CLSI guidelines, microdilution
susceptibility testing, checkerboard, and time-kill methods were
used to test the effect of the combination of the antibacterial
agents (Wayne, 2012, Wikler, 2006).

It has been reported in previous studies that shape of the
nanoparticles plays an important role which may influence their
effect, however research data on the influence of shape on the
effect of nanoparticles is conflicting but, a study carried out on dif-
ferent shapes of particles concluded that rods show the highest
uptake by cells, followed by spheres, cylinders, and cubes
(Gratton et al., 2008), in our present study nanoparticle of choice
is present as nano-powder and shown by TEM to have irregular
shaped nanoparticles and some rod-shaped particles with smooth
surfaces (Liu et al., 2017). Another study investigated the cytotoxic
and inflammatory potential of different shapes of ZnO NPs, and
found that there was no significant effect of shape on cytotoxicity
(Heng et al., 2011).

In our study, A. baumannii (MRO-17-25), A. baumannii (MRO-
16-8) and A. baumannii (MRO-17-26) has shown additive effect
to combination of colistin and ZnO NPs with FICI values 0.58,
0.53 and 0.55 in contrast to the other studies synergetic effect of
Colistin with combination of conventional and unconventional
drugs against MDR bacteria (Vidaillac et al., 2012), as the ability
of Colistin to disturb outer membrane permeability facilitates the
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—(Cipro) 0.016 pg/mL
= (zn0) 0.25 mg/mL

" (Zn0) 0.125 +(Cipro) 0.004

—*—(zn0) 0.125 +(Cipro) 0.008 ~®(2n0) 0.125 +(Cipro) 0.016 ~*(zn0) 0.125 +(Cipro) 0.032

HR

4 HR

24 HR
Time

Fig. 1. Time-Kill Curve for Escherichia coli (ATCC 25922). This Figure shows the growth curves against Ciprofloxacin alone, ZnO alone, and the combination of different
concentrations of Ciprofloxacin (0.004, 0.008, 0.016, 0.032) ug/mL with 0.125 mg/mL ZnO NPs at different time intervals. (Cipro) Ciprofloxacin, (ZnO) ZnO NPs suspension.

—4#—(Cipro) 4 pg/mL
(Cipro) 32 pg/mL

e (Zn0) 0.5 mg/mL

~— (Cipro) 8 pg/mL
*=(zn0) 0.125 mg/mL

=¥=(zn0) 1 mg/mL

(Cipro) 16 pg/mL
= (zn0) 0.25 mg/mL

(Zn0) 0.125 + (Cipro) 4

¢ (Zn0) 0.125 + (Cipro) 8 = (Zn0) 0.125 + (Cipro) 16 e (Zn0) 0.125 + (Cipro) 32

logl0

HR

4 HR
TIME

24 HR

Fig. 2. Time-Kill Curve for Escherichia coli (01UR19006568-01), shows growth curves against Ciprofloxacin alone, ZnO alone, and the combination of different concentrations
of Ciprofloxacin (4,8,16,32) pg/mL with 0.125 mg/mL ZnO NPs at different time intervals. (Cipro) Ciprofloxacin, (ZnO) ZnO NPs suspension.

accumulation of the other drug inside the bacterial cell (Gordon
et al., 2010) and it has been observed that polymyxins disrupt
the efflux pumps which leads to increased intracellular concentra-
tion of ZnO NPs which obtains a synergistic interaction (Bowers
et al., 2015), moreover, positively charged colistin binds to nega-
tively charged phosphate groups of lipid A of lipopolysaccharide
(LPS) in Gram-negative bacterial cell and leads to inhibition of
NADH-quinone oxidoreductase activity (Deris et al.,2014). As due
to limited data availability for the combination of Colistin with
nanoparticles, our data suggest that Colistin may improve the
effect of the ZnO NPs on bacteria and its ability to disturb outer
membrane permeability may have led to the synergetic effect with
ZnO NPs. In contrast, Ciprofloxacin targets an inner part of the bac-
teria, the DNA gyrase (Campoli-Richards et al., 1988), which does
not help the ZnO NPs to accumulate inside the bacterial cells. Con-
sequently, there might be better interaction between Colistin and
the nanoparticles.
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In the present study, we found no correlation between the site
of the infection and the results of the different MIC values, we can-
not confirm until it is done on a large-scale sample size, as our
tested isolates were limited in number.

5. Conclusion

As Combination therapy is being used in the treatment of infec-
tious diseases, in our study we explore the synergistic and additive
effects in combination of Zno NPs and selected antibiotics, present
research work might be useful as combination therapy in the treat-
ment of E.coli and A. baumannii bacterial strains infections, more-
over further investigation is required to evaluate the acceptable
concentration of Zno NPs and antibiotics selected to avoid toxicity
and must be tested against more clinically isolated gram negative
bacterial strains.
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Fig. 3. Time-Kill Curve for Escherichia coli (KPC-18-24). This Figure shows growth curves against Ciprofloxacin alone, ZnO alone, and the combination of different
concentrations of Ciprofloxacin (4,8,16,32) pg/mL with 0.125 mg/mL ZnO NPs at different time intervals. (Cipro) Ciprofloxacin, (ZnO) ZnO NPs suspension.
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