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Abstract
Toxicity of Ciprofloxacin and Ampicillin combinations against methicillin-resistant
Staphylococcus aureus (ATCC 25923) and Pseudomonas aeruginosa (ATCC 27853)
complicit in cystic fibrosis was investigated. Inhibition of total dehydrogenase activity in the
test organisms was measured as toxicity response. The toxicity of the binary mixtures of the
antibiotics was studied based on equi-effect concentration ratios using IC10, IC20, IC50 and
IC80 of the individual antibiotics. Result of this study showed that both organisms response to
the antibiotics and combinations could be described by logistic dose response equations.
The threshold inhibitory concentrations (IC50) values obtained for Ciprofloxacin against S.
aureus and P. aeruginosa were 1.08μg/ml and 0.64μg/ml respectively while the IC50 values
for Ampicillin against S. aureus and P. aeruginosa were 1636.61μg/ml and 1669.96μg/ml
respectively. The toxic index (TI) analysis of the combined effects of the binary mixture
against S. aureus largely indicated synergistic interaction (TI< 1) at all combination ratios. P.
aeruginosa showed synergistic interaction (TI< 1) at IC50 mixture ratios except for IC20
mixture ratio that showed antagonistic interaction (TI> 1). This investigation showed that the
mixture of these antibiotics in proposed combinations could be significantly potent in the
treatment of severe infections caused by S. aureus and P. aeruginosa.
Keywords: Ampicillin, Binary Combination, Ciprofloxacin, total dehydrogenase activity,Toxic
Index.
1. Introduction
The remarkable success of penicillin in treating bacterial infections led to a great deal of
scientific effort towards the search for other antibiotics (Chambers & Sande, 1996). Their
importance is magnified in developing countries where infectious diseases predominate. As
a class, they are one of the most frequently used as well as misused drugs (Madigan et al.,
2009). Modern medicine depends on chemotherapeutic agents. Ideally, chemotherapeutic
agents used to treat infectious disease destroy pathogenic microorganisms or inhibit their
growth at concentrations low enough to avoid undesirable damage to the host (Alekshun &
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Levy, 2007). Several antibiotics are also effective against fungi and protozoans, and some
are toxic to humans and animals, even when given in therapeutic dosage. Antibiotics are not
effective against viruses such as the common cold or influenza, and may be harmful when
taken inappropriately (Couc & Blazquez, 2009). Antibiotics without toxic effects on host are
used to prevent or treat the microbial infection in human, veterinary medicine and
aquaculture. They are even applied as a growth promoter in veterinary medicine (Meshnick
et al., 1996).
The wide range of applicability of antibiotics have led to abuse of antibiotics either through
the use of sub-lethal doses in treatment or the use of antibiotics in the management of
animal diseases. This scenario has led to the development of resistance in a wide range of
organisms (Aaron et al., 2003). Drugs which were usually effective against infections are
now consistently not as effective or are completely not effective any longer. This therefore
necessitates the search for novel antibiotics or effective ways of maximizing the potentials of
existing ones. Mathematical models have been established in the prediction of toxicity of
mixtures (Backhaus et al., 2008). Concentration addition (CA) and Independent action (IA)
have been applied to predict the mixture toxicity of antibiotics where mechanisms of toxic
action of the compounds are assumed similar in Concentration addition and dissimilar in
Independent action (Aminov, 2009). Both mathematical concepts are based on individual
toxicities of the compounds presented in the mixture and their concentration in a mixture
(Backhaus et al., 2008).
The present study examines the toxicity effect of binary combination of ciprofloxacin and
ampicillin against methicillin-resistant Staphylococcus aureus and Pseudomonas aeruginosa
isolates. This study seeks to establish in vitro a possible basis for the use of antibiotics
combination therapy in the management of multidrug-resistance of methicillin resistant
Staphylococcus aureus and Pseudomonas aeruginosa related infections.
2. Materials and Methods
2.1.
Chemicals/Reagents
The electron acceptor 2, 3, 5-Triphenyl Tetrazolium Chloride was obtained from BDH,
England, Triton X-100 (Sigma˗ Aldrich USA) while Ampicillin (Strides Vital, Nigeria),
Ciprofloxacin (Ciprogem) (Gemini Pharmaceuticals Nigeria Ltd.) were purchased from
Right˗Care Pharmacy in Owerri, Imo state. All the reagents and media used were of
analytical grade.
2.2.

Microorganisms

The clinical bacterial isolate of Staphyloccoccus aureus (ATCC 25923) and Pseudomonas
aeroginosa (ATCC 27853) were obtained from the National Institute for Pharmaceutical
Research and Development Abuja was used for the study. The microorganisms were
purified on nutrient agar plates and grown to mid exponential phase in nutrient broth (Lab M)
on a rotatory incubator (Marrienfeld, Germany) at room temperature (28±2 oC) and 150 rpm.
The cell was later harvested by centrifugation at 4000 rpm for 10mins and washed thrice in
distilled water. The washed cell was re-suspended in distilled water and turbidity adjusted to
an optical density of 0.1 at 540nm. An aliquot of 0.1 ml of the cell suspension was used as
inoculum in the dehydrogenase assay.
2.3.
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The bioassays were aimed at determining the toxicity of each of gentamicin and ampicillin
and effect of the binary combinations of the two drugs. Binary mixture of gentamicin and
ampicillin was studied based on equi-concentration effect ratios. Combination of antibiotics
was carried out using determined inhibitory concentrations of the single effect of drugs
against test organisms. Threshold inhibitory concentration used in the combination was IC10,
IC20, IC50 and IC80. The binary mixtures of Gentamicin and ampicillin corresponded to IC10:
IC10, IC20 : IC20, IC50 : IC50 and IC80 : IC80 of the individual drugs against Pseudomonas
aeroginosa (ATCC 27853), Staphyloccoccus aureus (ATCC 25923 ) respectively.
2.4.

Evaluation of Antimicrobial Properties of Gentamicin and Ampicillin by
Determination of Total Dehydrogenase Assay

The antibiotics ampicillin used for this study was prepared in stock concentration of 5000
µg/ml. Gentamicin was prepared in stock concentration of 500µg/ml.
Total dehydrogenase antibiotics and binary mixtures of the two antibiotics (Gentamicin and
Ampicillin) was assessed by an assay carried out as described by Alisi et al., 2008, the
toxicity of the mixture of antibiotics was determined using equi˗effect ratio (IC10, IC20, IC50,
IC80). The dehydrogenase activity of the isolates was determined in 4ml volume containing
nutrient broth, TTC and varying concentrations of antibiotics ranging from 0 – 3000 µg/ml.
Briefly, total dehydrogenase activity was assayed using 2, 3, 5-triphenyltetrazolium chloride
(TTC) (BDH England) as the artificial electron acceptor, which was reduced to the redcolored triphenyl-formazan (TPF). Portions (0.1 ml) of the bacterial suspensions were
inoculated into triplicate glass tubes containing 2.5 ml of phosphate-buffered (pH 6.8)
nutrient broth medium amended with single antibiotics or mixtures of antibiotics and preincubated on a rotary incubator (150 rpm) at room temperature (28 ± 2°C) for 30 min.
Thereafter, 0.1 ml of 0.1 % (w/v) TTC in deionised distilled water was added to each tube to
obtain final concentrations of 0- 3000 μg/ml in different test tubes. The controls consisted of
the isolates and the media without antibiotics. Thereafter the tubes were inoculated with 0.1
ml of standardized inoculum. The tubes were incubated in the dark without shaking for 24
hrs at 28 ± 2o C. The formazan produced, was extracted by solubilizing the cells in 1ml of
1% triton X-100 and allowed to stand for 10min. Subsequently formazan produced was
extracted by adding 4ml of Butan-1-ol and shaken vigorously to extract. The absorbance of
extracted formazan was determined at 500nm using the spectrophotometer 390 model. The
percentage inhibition of dehydrogenase activity of the isolates was calculated relative to
control.
2.5.
Data Analysis
The percentage inhibition of dehydrogenase activity of the isolates was calculated relative to
control using equation 1. The percentage inhibition data generated was fitted into logistic
dose response model (LDR (a,b,c) (eqn 2), LDR (a,b,c,d) (eqn 3), and Weibullcum (a,b,c,d)
(eqn 4), The dose-response data were fitted to obtain their respective IC50 which is the
concentrations of the toxicants that inhibited 50% of dehydrogenase activity of the bacterial.
All curve fittings were done using Sigma plot 10 and Table Curve 2D v5.01.
[

]

Logistic dose response model
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( )
Where: x is the concentration of the toxicant, a is the maximum response (of untreated
control), b is the IC50, c is parameter determining the relative slope at IC50.
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Where: x is the concentration of the toxicant, b is the maximum response (of untreated
control), c is the IC50, d is parameter determining the relative slope at IC50 .
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Where: x is the concentration of the toxicant, a is the maximum response (of untreated
control), b is the IC50, c is parameter determining the relative slope at IC50 .
2.6.
Determination of toxic unit (TU)
The toxicities of the mixture components expressed in TU for a given ICp were calculated
from equations 5 (Nweke et al., 2014).

4
Where TUA and TUB are the toxicity unit of components A, B, C and D of the mixtures
respectively, ICpA and ICpB are the toxicities (ICp) of components A, B, C or D respectively
determined individually, and CmixA and CmixB are the concentrations of component A and B at
ICp of the mixture. CmixA and CmixB can be calculated by multiplying the ratio of individual
components in the mixture by the ICp of the mixture [ICpmix(A,B)] as follows:
(

)

(

)

Where A % and B % are the relative amount of components A or B or C or D respectively in
the mixture (A % and B % ≠ 0). When A = 0 %, CmixA = 0 and CmixB = ICpB When B = 0 %,
CmixA = ICpA and CmixB = 0.
2.7.
Analysis of combined effects using toxic index model
Toxic index (TI) model was used to analyze the combined effect of the quaternary mixtures.
The TI values were calculated as follows (equation 6): (Nweke et al., 2014).
6
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Where CmixA, CmixB, CmixC and CmixD are the concentrations of components A, B, C and D
respectively at the IC50 of the mixture; IC50A, IC50B, IC50C and IC50D are the IC50 of
component A, B, C and D respectively, measured individually.
TI=1 describes additive interaction, TI > 1 describes antagonistic interaction and TI < 1
describes synergistic interaction (Boillot and Perrodin, 2008).
3. Results
3.1.
Effects of Ciprofloxacin and Ampicillin Singles and Combination on Total
Dehydrogenase Activity of Pseudomonas aeruginosa and Staphylococcus
aureus.
The result of the study (Table 3.1) indicated that ciprofloxacin as a single antibiotic was more
effective against the test organism than ampicillin as a single antibiotic. The threshold
inhibitory concentrations (IC50) of ciprofloxacin and ampicillin against P. aeruginosa were
1.64µg/ml, and 1669.96µg/ml respectively. The threshold inhibitory concentrations (IC50) of
ciprofloxacin and ampicillin against S. aureus were 1.08µg/ml, and 1636.61µg/ml
respectively. The Best combination ratio based on IC50 threshold concentration for
ciprofloxacin/ampicillin mixtures against P. aeruginosa and S. aureus was IC50: IC50 binary
mixture with an IC50 value of 675.04µg/ml and 138.23µg/ml. The results showed that
inhibition of total dehydrogenase activity of the isolates were largely logistic dose dependent,
with the exception of the inhibition of S. aureus by ciprofloxacin. Also, the results presented
in Table 3.1 showed that the IC80:IC80 binary mixture was non-inhibitory on P.aeruginosa.
3.2.

Toxicity index (TI) and toxicity interaction of Equi-effect mixtures of
Ciprofloxacin and Ampicillin.

The result of the study (Table 3.3) indicated possible synergistic and antagonistic
interactions at various binary ratios. TI value of 0.170 obtained from the IC50:IC50 mixture
ratio of ciprofloxacin/ampicillin gave the most toxic effect against S. aureus, while TI value of
0.165 obtained from the IC50:IC50 mixture ratio gave the best toxic effect against P.
aeruginosa.
3.3.

Inhibition of total dehydrogenase activity in Pseudomonas aeruginosa by
Ciprofloxacin and Ampicillin.

The result of the study (Figures 3.1A and B) showed a logistic dose dependent inhibition of
dehydrogenase activity in Pseudomonas aeruginosa by ciprofloxacin and ampicillin
respectively. The threshold inhibitory concentrations (IC50) values were 1.64µg/ml and
1669.96µg/ml respectively. While dehydrogenase activity in Staphylococcus aureus (figures
3.1C and D) was with threshold inhibitory concentrations (IC50) of 1.08µg/ml and
1636.61µg/ml respectively.
3.4.

Inhibition of total dehydrogenase activity in Pseudomonas aeruginosa by
Ciprofloxacin: Ampicillin equieffect mixture

The result of the study (Figure 3.2A) showed a logistic dose dependent inhibition of
dehydrogenase activity in P. aeruginosa by ciprofloxacin and ampicillin IC10:IC10 mixture
ratio. The Threshold Inhibitory Concentration (IC10) obtained from the binary combination
was 320.10µg/ml while the IC50 was non determinable. The binary combination was not able
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to inhibit 50% of P. aeruginosa. However, IC10 and IC50 values obtained for ciprofloxacin and
ampicillin IC20:IC20 mixture binary combination was 452.91µg/ml and 2872.60µg/ml
respectively (Figure 3.2 B).
The result of the study (Figure 3.2C) showed that IC10 and IC50 obtained for IC50:IC50 binary
mixture of ciprofloxacin and ampicillin was 181.44µg/ml and 675.04µg/ml respectively.
Figure 3.2 D showed the IC80:C80 binary mixture of ciprofloxacin and ampicillin were noninhibitory to the dehydrogenase activity of P. aeruginosa. The threshold inhibitory
concentrations were therefore non determinable.
3.5.

Inhibition of total dehydrogenase activity in Staphylococcus aureus by
Ciprofloxacin (IC10) : Ampicillin (IC10).

The result of the study (Figure 3.3 A-D) showed a dose dependent inhibition of
dehydrogenase activity in Staphylococcus aureus by ciprofloxacin and ampicillin equieffect
mixtures. Also, (Figure 3.3A-D) showed a logistic dose dependent inhibition of
dehydrogenase activity in Staphylococcus aureus by ciprofloxacin and ampicillin mixture
ratios. The Threshold Inhibitory Concentrations IC10 and IC50 obtained from the IC10:IC10
binary combination was 54.31µg/ml and 110.74µg/ml respectively. The drugs showed potent
inhibitory effects on the growth of the organism. Also, for the IC20:IC20 mixture ratio, the
threshold inhibitory concentrations (IC10) obtained from the binary combination was
99.07µg/ml while the IC50 was non determinable. The effect of the binary combinations was
stimulatory at low concentrations (0-150µg/ml) and was not able to inhibit 50% of the
organism.
Furthermore, (Figure 3.3 C & D) showed that the threshold inhibitory concentrations (IC 10
and IC50) of IC50:IC50 and IC80:IC80 binary mixture was 70.35µg/ml and 138.23µg/ml and
58.75µg/ml and 156.68µg/ml respectively. The drugs showed potent inhibitory effects on the
growth of the organism. The effect of the binary combinations was stimulatory at low
concentrations (0-200µg/ml) and inhibitory above 200µg/ml.
4. Discussion
The utility of combination antibiotic therapy with beta-lactams and fluoroquinolone can be
used in the treatment of severe infections caused by pathogenic microorganisms. Binary
combination antibiotic therapy is recommended for the treatment of infections caused by
gram-positive methicillin-resistant Staphylococcus aureus and gram-negative Pseudomonas
aeruginosa to reduce antibiotic resistance related to inappropriate antibiotic treatment
(Tangden et al., 2014; Brosche and Backhaus, 2010).
The present study showed that Ciprofloxacin was highly potent against P. aeruginosa
isolates at very low concentrations. Threshold inhibitory concentration of ciprofloxacin as
single antibiotics indicated IC10 and IC50 values of 2.0ng/ml and 1640ng/ml respectively.
Response of the isolates indicated a logistic dose dependent inhibition (Equation 2) of
dehydrogenase activity of P. aeruginosa (Figure 3.1A). Ampicillin exhibited inhibitory
response against P. aeruginosa, this inhibitory effect was lower when compared to
ciprofloxacin. The IC50 value obtained for ampicillin was 1669.96µg/ml against P. aeruginosa
(Table 3.1).
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Also, analysis of the inhibitory response of ciprofloxacin and ampicillin as single antibiotics
against S. aureus can be effective described by a logistic dose response pattern (Equation
2) as shown in figures 3.1 C & D respectively. Furthermore, the binary combinations of
ciprofloxacin and ampicillin exhibited varying growth responses to the isolates. The
equieffect binary combinations of the antibiotics exhibited a biphasic growth response to the
isolates. These mixtures where found to be hermetic at low doses against P. aeruginosa and
S. aureus.
The IC10 : IC10, IC20 : IC20, and IC50 : IC50 binary combinations of ampicillin and ciprofloxacin
were stimulatory on the growth of P. aeruginosa at lower concentrations below 150µg/ml, but
inhibitory at higher concentration range of 200µg/ml-2500µg/ml (Figure 3.1 A-C).
However, the IC80:IC80 binary combination of the drugs was found to be non-inhibitory on P.
aeruginosa isolate. This equi-effect binary combination of the two drugs resulted in a
stimulation of bacterial growth within the tested concentration range of 0-2500µg/ml (Figure
3.1 D). Hormetic responses have been widely reported for antibiotics and environmental
toxicants (Nweke et al., 2015; Akova, 2008). The evaluation of threshold inhibitory
concentrations indicated that the IC10 : IC10 and IC80 : IC80 binary combinations did not attain
50% inhibition of the P. aeruginosa isolate. Similarly, the IC10 : IC10, IC20 : IC20, IC50 : IC50 and
IC80 : IC80 binary combinations of the drugs also exhibited hormetic responses against S.
aureus isolate at concentrations ranges of 0-40 µg/ml. However, the IC20: IC20 binary
combinations though inhibitory, could not attain IC50. These combinations were evidently
more effective against S. aureus than P. aeruginosa. Also, the IC50 values of
ciprofloxacin/ampicillin mixtures against S. aureus increased with increase in percentage
ratios as shown in table 3.1. All the mixtures of ciprofloxacin/ampicillin had IC50 values that
were significantly higher than the IC50 value obtained for ciprofloxacin alone but lower than
the IC50 value observed for ampicillin as a single antibiotic.
The analysis of the combined effects of ciprofloxacin and ampicillin against S. aureus using
toxicity index (TI) model indicated varying interactions at various mixture ratios as shown in
table 3.3.
Our result showed the combination of ciprofloxacin/ampicillin using the equi-effect ratios of
IC20 : IC20 and IC50 : IC50 against P. aeruginosa were antagonistic and synergistic
respectively. The IC20:IC20 mixture ratio gave antagonistic action (TI >1) with TI value of 2.
07. Antagonism of antibiotic mixtures has been suggested to be a result of drug tolerance or
possible chemical interaction of the mixture resulting in a less toxic compound (Nwanyanwu
et al., 2017).
The IC10 : IC10, IC50 : IC50 and IC80 : IC80 binary combinations all exhibited synergism against
S. aureus. The TI values obtained were 0.70, 0.17 and 0.194 for IC10:IC10, IC50:IC50 and
IC80:IC80 mixture ratios respectively. However the interaction effect of the IC10:IC10 and
IC80:IC80 mixtures for P. aeruginosa and the IC20:IC20 mixtures against S. aureus were non
determinable.
The IC50:IC50 mixture ratios produced the best toxic effect when compared with other mixture
ratios. This implies that, this combination when used may be highly potent in the treatment of
infections caused by P. aeruginosa and S. aureus even at low concentrations. Toxic index
(TI) model have been widely applied in the study of chemical mixture toxicity (Boillot and
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Perrodin, 2008, Nweke et al., 2015, Nwanyanwu et al., 2017).
Similar synergistic
interactions for antibiotic mixtures have been reported in the works of Anderson et al., 1978.,
Andriole, 1974 and Bliziotis, et al., 2005 and Nwanyanwu et al., 2017). The observed
synergism in the equi-effect mixtures may be as a result of the mixtures ability to overwhelm
microbial resistance mechanism (Bliziotis et al., 2005).
5. Conclusion
In the present study, the combination of ciprofloxacin of ampicillin using the different
equieffect ratios resulted in synergistic and antagonistic interactions against methicillinresistant S. aureus and P. aeruginosa. Therefore, it is important and relevant to explore the
potential of these combination therapies to enhance the antimicrobial effects of antibiotics
against the resistance of these organisms. Combination therapy will enable antibiotics that
are not traditionally considered treatment options for methicillin-resistant S. aureus and P.
aeruginosa to be explored for more effective antimicrobial action.
Table 3.1: Threshold Inhibitory concentration (IC) and toxicity response model of single
antibiotics and equi-effect mixtures.
Threshold Inhibitory Concentrations (µg/ml)
5

10

20

50

80

P. aeruginosa
Toxicity Response
Model
Singles
Ciprofloxacin
Ampicillin
IC10:IC10
IC20:IC20
IC50:IC50
IC80:IC80

Ciprofloxacin
Ampicillin
IC10:IC10
IC20:IC20
IC50:IC50
IC80:IC80

0.0002
7.63
Mixtures
295.55
405.87
161.31
ND

Singles
0.93
66.41
Mixtures
49.85
91.95
64.84
51.37

0.002
28.95
320.1
452.91
181.44
ND

0.017
217.83

1.64
1669.96

392.23
ND
568.17
2872.6
229.9
675.04
ND
ND
Staphyllococcus
aureus

11.33
4411.67

LDR(a,b,c,d)
LDR(a,b,c,d)

ND
ND
ND
ND

LDR(a,b,c,d)
LDR(a,b,c,d)
LDR(a,b,c,d)
LDR(a,b,c,d)

0.93
147.21

0.93
364.52

1.08
1636.61

3.67
5345.71

WeibullCum(a,b,c,d)
LDR(a,b,c,d)

54.31
99.07
70.35
58.75

64.07
116.73
82.54
75.09

110.74
ND
138.23
156.68

ND
ND
375.85
ND

LDR(a,b,c,d)
LDR(a,b,c,d)
LDR(a,b,c,d)
LDR(a,b,c,d)

ND- Non determinable (not able to inhibit up to 50% as evaluated from the toxicity response
model)
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Table 3.2: Toxic unit (TU), toxicity index (TI) and toxicity interaction of equi-effect mixtures of
Ciprofloxacin and Ampicillin.
Organisms

Mixture
Ratios

TU
Ciprofloxacin

S. aureus

P. aeruginos

TI

Toxicity
interaction

Ampicillin

IC10:IC10

0.633

0.068

0.7

Synergistic

IC50:IC50

0.085

0.085

0.17

Synergistic

IC80:IC80

0.098

0.096

0.194

Synergistic

IC20:IC20

0.348

1.72

2.068

Antagonistic

IC50:IC50

0.083

0.083

0.165

Synergistic

Where TI=1 describes additive interaction, TI>1 describes antagonistic interaction and TI<1
describes synergistic interaction.

A

C

D
B

Figure 3.1: Inhibition of total dehydrogenase activity of Pseudomonas aeruginosa by
Ciprofloxacin (A) and Ampicillin (B) and S. aureus by Ciprofloxacin (C) and Ampicillin (D)
respectively.
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A

B

D
C

Figure 3.2: Inhibition of Total dehydrogenase activity in

Pseudomonas

aeruginosa

by

Ciprofloxacin: Ampicillin binary combination (IC10 : IC10(A), IC20 : IC20(B), IC50 : IC50(C), IC80 :

100
75
50
25
0

A

-25
-50
-75
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50
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-75
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75
50
25
0

C

-25
-50
-75
-100
0

500

1000
1500
CPF (IC50) : AMP (IC50) (g/ml)

2000

% Inhibition of DHA of S. aureus (ATCC 25923)

% Inhibition of DHA of S. aureus (ATCC 25923)

100

100
75
50
25
0

D
-25
-50
-75
0

500

1000
1500
CPF (IC80) : AMP (IC80) (g/ml)

2000

Figure 3.3: Inhibition of total dehydrogenase activity in S. aureus by Ciprofloxacin: Ampicillin
mixture (IC10:IC10(A), IC20:IC20(B), IC50:IC50(C), IC80:IC80(D) ratios).

References
Aaron, S. D., Ramotar, K., Ferris, W., Vandemheen, K., Saginur, R. & Tullis, E. (2003). Adult
cystic fibrosis exacerbations and new strains of Pseudomonas aeruginosa. Am. J.
Respir. Crit. Care Med, 169(7), 811-815.
Akova, M. (2008). Sulbactam-containing beta-lactamase inhibitor combination.
Clin.
Microbiol. Infect., 14 (1), 185–188.
Alekshun, M. N. & Levy, S. B. (2007). Molecular mechanisms of antibacterial multidrug
resistance. Cell., 128, 1037-1050.
Alisi, C.S., Nwanyanwu, C. E., Akujobi, C. O. & Ibegbulem, C. O. (2008). Inhibition of
dehydrogenase activity in pathogenic bacteria isolates by aqueous extracts of Musa
paradisiaca (VarSapientum). Afr. J. Biotech., 7(12), 1821 - 1825.
Aminov, R. I. (2009). The role of antibiotics and antibiotic resistance in nature. Environ. Ann.
Rev. of Pharmacol. And Toxicol. 32, 537–553.
Anderson, E. T., Young, L. S. & Hewitt, W. L. (1978). Anti-microbial synergism in the therapy
of gram-negative rod bacteremia. Chemotherapy, 24(1), 45 – 54.
Andriole, V. T. (1974). Antibiotic synergy in experimental infection with Pseudomonas. II.
The effect of carbenicillin, cephalothin, or cephanone combined with tobramycin or
gentamicin. J. Infect. Dis., 129, 124 –133.
Backhaus, T., Faust, M., Scholze, M., Gramatica, P., Vighi, M. and Grimme, L.H. (2008).
Predictive assessment of the aquatic toxicity of multiple chemical mixtures. J.
Environ. Qual., 29, 1063-1068.
Bliziotis, I. A., Samonis, G., Vardakas, K. Z., Chrysanthopoulou., S. & Falagas, M. E. (2005).
Effect of aminoglycoside and beta-lactam combination therapy versus beta-lactam
monotherapy on the emergence of antimicrobial resistance: A meta-analysis of
randomized, controlled trials. Clin. Infect. Dis. 41, 149 – 158.
Boillot, C. & Perrodin, Y. (2008). Joint-action ecotoxicity of binary mixtures of glutaraldehyde
and surfactants used in hospitals: use of the Toxicity Index model and isobologram
representation. Ecotoxicol. Environ. Saf., 71, 252 – 259.
144

Asiwe et al., Toxicity of Ciprofloxacin…

Brosche, S. & Backhaus, T. (2010). Toxicity of five protein synthesis inhibiting antibiotics and
their mixture to limnic bacterial communities. Aquatic toxicology, 99, 57‐465.
Chambers, H. F. & Sande, M. A. (1996). Antimicrobial agents. General considerations. In:
Gilman, A. G., Rall, T. W., Nies, A. S. & Taylor, P. The pharmacological basis of
therapeutics. New York: Pergamon Press, 1026 - 1029.
Couce, A. & Blazquez,J. (2009).Side effects of antibiotics on genetic variability. Microbiol.
Rev. 33, 531-538.
Madigan, M. T., Martinko, J. M., Dunlap, P. V. & Clark, D. P. (2009). In: Leslie B.and Gary,
C. Microbial growth and control. Brock Biology of Microorganisms. 12th
edition.Pearson Benjamin Cummings Inc; Singapore. 27, 794-798.
Meshnick, S. R., Taylor, T. E. & Kamchonwongpaison, S. (1996). Artemisinin and the antimalarial endoperoxides: from herbal remedy to targeted chemotherapy.
Microbiological Reviews, 60, 301–315.
Nwanyanwu, C. E., Asiwe, E. S., Alisi, C. S. & Mbachu, I. A. C. (2017). Toxicity of
Quarternary Mixtures of Ciprofloxacin, Ceftriaxone, Ampicillin and Gentamicin to
Clinical Isolates of Escherichia coli and Staphylococcus aureus. FUTOJNLS, 3(2),
161 – 172.
Nweke, C. O., Ahumibe N. C. & Orji J. C. (2014). Toxicity of binary mixtures of formulated
Glyphosate and phenols to Rhizobium species dehydrogenase activity. J. Microbiol.
Res. 4(4), 161 – 169.
Nweke, C.O., Orji, J.C. & Ahumibe, N.C. (2015). Prediction of phenolic compounds and
formulated glyphosate toxicity in binary mixtures using Rhizobium species
dehydrogenase activity. Advances in Life Sciences 5(2), 27-38.
Tangden, T., Hickman, R.A., Forsberg, P., Lagerback,
P., Giske, C. G. & Cars, O.
( 2 0 1 4 ) . Evaluation of double and tripleantibiotic combinations for VIM- and NDMproducing Klebsiella pneumonia by in vitro time-kill experiments. Antimicrob.
Agents Chemother, 58, 1757–1762.
Willey, J. M., Sherwood, L.M. & Woolverton, C.J. (2011). Antimicrobial chemotherapy.
Prescott's Microbiology. 8th edition. McgGraw-Hill Companies, inc; New York. 34,
826-829.

145

Asiwe et al., Toxicity of Ciprofloxacin…

