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Abstract
The toxicity of ciprofloxacin, ceftriaxone, ampicillin and gentamicin equi-effect quaternary
mixtures to clinical isolates Escherichia coli and Staphylococcus aureus was investigated.
Similarly, the antimicrobial effect of the four antibiotics in single and quaternary mixture was
determined via 2, 3, 5-triphenyl tetrazolium chloride (TTC) – reduction method. The
antibiotics mixtures inhibitory concentrations (ICs) were combined based on equi-effect
ratios using IC10, IC20, IC50 and IC80 of the individual antibiotics in the concentration range of
0-2000µg/ml. The effective doses (ICps) were estimated using Logistic dose response model
and Weibull cumulative. The toxicity interaction of the mixtures on the isolates was evaluated
using toxic index (TI) model. Result obtained from the study showed that the equi-effect
mixtures resulted in increased toxicity against the test organisms. Comparative toxicity of the
mixtures based on IC50 values showed that toxicity was in the order IC10 > IC50 > IC20 > IC80
and IC20 > IC50 > IC10 > IC80 against S. aureus and E. coli respectively. TI analysis obtained
from the study indicated a synergistic interaction in all the inhibitory concentrations (ICs)
against S. aureus and E. coli. TI values were 0.01, 0.04, 0.01 and 0.12, while TI were0.46,
0.1, 0.76, 0.77in IC10, IC20, IC50 and IC80 mixtures against S. aureus and E. coli respectively.
These results suggest that the equi-effect quaternary mixtures of ciprofloxacin, ceftriaxone,
ampicillin and gentamicin had greater antimicrobial potency than their single drugs against
S. aureus and E. coli.
Keywords: Antibiotics, Quaternary, mixtures, Equi-effect, Clinical isolates.
1.
Introduction
Antibiotics are among the most commonly prescribed drugs used in human medicine.
Research shows that up to 50% of all the antibiotics prescribed for use are not needed or
may not optimally effective as prescribed (Franco, Altagracia, Sanchez and Wertheimer,
2009).The efficacy of antibiotics in treatment of microbial infection has led to a widespread
abuse of antibiotics usage leading to the development of antibiotic resistance (Mckeegan,
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2002;Andersson, 2003). Antimicrobial resistance has become a global problem; no region in
the world has been excluded from the inexorable spread of increasingly drug-resistant
bacteria. Growing level of bacterial resistance to antibiotics threaten the ability to treat
infectious diseases and also to perform other procedures and treatments that fundamentally
depend on affordable and effective antibiotics (Gold and Moellering, 1996). Antibiotics are
also commonly used in food, animals to prevent, control, and treat diseases, and to promote
the growth of food-producing animals (Parveen, Taabodi, Schwarz, Oscar, Harter-Dennis
and White, 2007; Garofalo, Vignaroli, Zandri, Aquilanti, Bordoni and Osimani, 2007).
The use of antibiotics in foods/agriculture as an additive in animal feeds and eventual
discharge into the environment has raised concerns about the development of antibioticresistant microorganisms (Kumar, Aitken, Carvalho, Cullender, Mwangi, Srinivasan,
Sitaraman, Knight, Ley and Gewirtz, 2005; Landers, Cohen, Wittum and Larson, 2012). Also
the pharmaceutical industry releases a complex mixture of waste obtained from the
production line into the environment (Milić, Milano, Letic, Sekulic, Radonic, Mihajlovic and
Miloradov, 2012). Most times these wastes are untreated or poorly treated and may alter the
balance of the microbial flora in water bodies at discharge point and beyond (Ji et al., 2012).
Methicillin-resistant Staphylococcus aureus (MRSA) strains represent a global health threat
because of their virulence and their broad distribution in the hospital setting (Surbhi,
Christine and Randall, 2011; Gudiol, 2011.). Moreover, the MRSA strains are often resistant
not only to β-lactam agents but also to fluoroquinolones, chloramphenicol, clindamycin,
tetracyclines, and aminoglycosides (Michel and Gutmann, 1997).
Therefore, with the challenge of a fast emerging resistance, there is need to use available
antibiotics discreetly to treat infection, and also in combinations according to their
mechanism of action to minimize resistance. The potential advantages of using combination
therapy is that it increases the spectrum of coverage, allowing a higher probability of
appropriate initial therapy, reducing mortality, reduced risk for emerging of resistance during
therapy (Micek, Welch and Khan, 2010). In addition, combination therapy may result to
additive, synergistic, or antagonistic effect leading to more rapid pathogen clearance
(Klastersky and Zinner, 1982; Giamarellou, Zissis, Tagari and Bouzos, 1984; Kollef, 2000,
Bhat et al., 2007). Also combination therapy may reduce the need for the use of broad
spectrum antibiotics which may sensitize organisms to develop resistance (Richard and
Yitzhak, 2014).
Observational studies show that between 25and 50% of patients with major infections is
administered combination antibiotic therapy (Kollef, 2000; Bhat et al., 2007). In an increasing
number of microbial infections of man, treatment with single antibiotic fails to cure. Some of
these infections, however, respond favourably to combined treatment with two or more
antibiotics (Kollef, 2000; Bhat et al., 2007). However other researchers have also reported
lack of improvement of outcome with combination therapy in immunocompetent patients with
sepsis (Marcus, Paul, Elphick and Leibovici, 2011; Paul, Benuri-Silbiger, Soares-Weiser and
Leibovici, 2004; Paul, Silbiger, Grozinsky, Soares-Wiser and Leibovici, 2006). Certain pairs
of these drugs have proved successful in a limited number of clinical situation (Petrosillo,
Chinello, Proietti, Cecchini, Masala and Franchi, 2005; Qureshi, Paterson, Potoski, Klayko,
Sandovsky and Sordillo, 2012; Tumbarello, Viale,Viscoli, Trecarichi, Tumietto and Marchese,
2012). Although combination of drugs have not yet been defined in the treatment of many
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infection but use of these combined antibiotic therapy should be studied as it may eliminate
emergence of resistant strains that may not be sensitive to just a single antibiotic therapy.
The present study seeks to evaluate the invitro toxicity of quaternary mixtures of
ciprofloxacin, ceftriaxone, ampicillin and gentamicin on Escherichia coli and methicillin
resistant Staphylococcus aureus clinical isolates.
2.
Materials and Methods
2.1
Materials
2, 3, 5-triphenyl tetrazolium chloride used in this study was a product of BDH, England and
purchased from Triton X-100 (Sigma˗ Aldrich USA), Ciprofloxacin (Wockhardt, UK),
Gentamicin injection (Gentalet), Ampicillin (Strides Vital, Nigeria) and Ceftriaxone sodium
(Grams, Nigeria) were purchased from Right˗Care Pharmacy in Owerri, Imo state, Nigeria.
All the reagents and media used were of analytical grade.
2.2

Isolation and Cultivation of Microorganisms

The clinical bacterial isolates of Escherichia coli and Staphylococcus aureus were obtained
from urine and high vaginal swab respectively at the Pathology Department of Silverpresh
Laboratories Limited, Owerri. The microorganisms were isolated and purified on nutrient
agar plates and characterized using standard microbiological and biochemical methods.
Identifications of organisms followed the schemes described by Holt, Krieg, Sneath, Staley
and Williams (1994).
2.3

Preparation of Antimicrobial Agents

The following antibiotics, ciprofloxacin, ampicillin and ceftriaxone used for this study were
prepared in stock concentration of 5000 µg/ml. Gentamicin was prepared in stock
concentration of 500µg/ml.
2.4

Preparation of Inoculum

The bacterial strains were grown to mid exponential phase in nutrient broth (Lab M) on a
rotary shaker (Marrienfeld, Germany) at room temperature (28 ± 2°C) and 150 rpm. The
bacterial cells were harvested by centrifugation at 4000 rpm for 10 min. and subsequently
washed twice in sterile distilled water. The cells were suspended in sterile distilled water and
standardized in a spectrophotometer (VIS spectrophotometer 721D) at 540nm wavelength to
an optical density of 0.5. The standardized cell suspension served as inoculum for the
dehydrogenase activity assay.
2.5

Determination of Dehydrogenase Activity of the Isolates

Total dehydrogenase assay was carried out as described by Alisi et al., 2008. The toxicity of
single antibiotics and quaternary mixtures of the four antibiotics (ciprofloxacin, ceftriaxone,
gentamicin and ampicillin) was assessed 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 – 2500 µg/ml. The total
dehydrogenase activity was assayed using 2, 3, 5-triphenyltetrazolium chloride (TTC) as the
artificial electron acceptor and which was reduced to the red-coloured triphenyl-formazan
(TPF). Portions (0.3 ml) of the bacterial suspensions were inoculated into triplicate glass
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tubes containing 2.5 ml of phosphatephosphate-buffered
buffered (pH 6.8) nutrient broth-glucose
broth glucose medium
amended with any ciprofloxacin, ceftriaxone, gentamicin and ampicillin and pre-incubated
pre incubated on
a rotary incubator (150 rpm) at room tempera
temperature
ture (28 ± 2°C) for 30 min. Thereafter, 0.1 ml of
1 % (w/v) TTC in deionised distilled water was added to each tube to obtain final extract
concentrations of 0
0- 2500 μg/ml in different test tubes. The controls consisted of the isolates
and the media withou
withoutt antibiotics. Thereafter the tubes were inoculated with 0.3 ml of
standardized inoculum. The tubes were incubated in the dark without shaking for 24 hours at
28± 2o C. The formazan produced, was extracted by solubilizing in 1ml of 1% Triton X-100
X
and allowed to stand for 10minutes Subsequently formazan produced was extracted by
adding 4ml of Butan
Butan-1-ol
ol and shaken vigorously to extract. The absorbance of extracted
formazan
mazan was determined at 500nm using the spectrophotometer 390 model. The
percentage inhibition of dehydrogenase activity of the isolates was calculated relative to
control.
2.6
Data Analysis
The percentage inhibition of dehydrogenase activity of the isolat
isolates
es 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)
(eqn4), The dose
dose-response
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 Sigmaplot 10 and Table Curve 2D v5.01.

Logistic dose response model

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.

where x is the concentration of the toxicant, b is the maximum response (of untreated
control), c is theIC50, d is parameter determining the relative slope at IC50.

where x is the concentration of the toxicant, a is the maximum response (of untreated
control),
), b is theIC50, c is parameter determining the relative slope at IC50.
2.7
Determination o
off Toxic Unit (TU
(TU)
The toxicities of the mixture components expressed in TU for a given ICp were calculated
from equations 5 (Nweke
(Nweke,, Ahumibe and Orji
Orji, 2014).
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(5a)
a)
(5b)
b)
Where TUA and TUB are the Toxicity Unit of Component A, B, C and D 0f the mixtures
respectively, ICpA and ICpB are the toxicities (ICp) of component 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
amounts of components A or B or C or D respectively in
the mixture (A % and B %
%≠0).
≠0). When A = 0 %, CmixA = 0 and CmixB = ICpB When B = 0 %,
CmixA = ICpA and CmixB = 0.
2.8
Analysis o
off Combined Effects Using Toxic Index Model
Toxic index (TI) model was used to analyze the combined effect of the quaternary mixtures
(Nweke et al., 2014). The TI values were calculated as follows (equation 7):

(7)
here CmixA, CmixB, CmixC and CmixD are the concentrations of component A, B, C and D
where
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 syne
synergistic
rgistic interaction (Boillot and Perrodin, 2008).
3.

Results and Discussion

The results in Figure 1 are the toxicity of the individual antibiotics against the two
t wo isolates.
Ciprofloxacin and cceftriaxone
eftriaxone toxicity pattern fitted into a logist
logistic
ic dose response model
(a,b,c) against S. aureus and E. coli. while Ampicillin and Gentamycin results fitted into a
Weibull cumulative curve (a,b,c,d) against S. aureus,
aureus, Furthermore, Ampicillin and
Gentamycin fitted into Weibull cumulative curve (a,b,c,d) and LDR (a,b,c,d) against E. coli
respectively. Toxicity response showed that with increasing concentrations the organism E.
coli was more susceptible to Ciprofloxacin and Gentamycin than S. aureus.
aureus. However, the
toxicity of Ampicillin and Ceftriaxone were found to be greater against S. aureus than E. coli.
The result obtained from this study (Figure 2) showed that the toxicity response of IC 10, IC20,
IC50 and IC80 equi-effect
effect mixtures fitted into one of logistic dose response curve (a,b,c) and
Weibull cummulative (a,b,c,d) (Table 1) for S. aureus and E. coli respectively. The toxicity of
these mixtures was dose
dose-dependent,
dependent, yielding steady increase in toxicity with increasing
incre
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concentration of the mixtures. The result showed higher toxicity of the mixtures against S.
aureus than E. coli.
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Figure 1: Toxicity of Single antibiotics to dehydrogenase activity of Staphyllococus aureus
and Escherichia coli isolates.
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Figure 2: Toxicity of quarternary mixture of CIP + CEF + GENT+ AMP to dehydrogenase
activity of Staphylococcus aureus and Escherichia coli isolates.
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Furthermore, result obtained from this study (Table 1) showed the threshold inhibitory
concentration IC5, IC10, IC20, IC50 and IC80 values of the individual antibiotics and the equieffect mixtures. The toxicity of the antibiotics was dose dependent, inhibition of
dehydrogenase activity of the isolates progressively increased with increasing concentration.
The equi-effect mixtures resulted in a significant reduction of effective dose, IC 5 values
obtained for the individual antibiotics was 0.04, 2.97, 0.02, 0.90 and 0.09µg/ml, 1.55, 19.62
and 0.003µg/ml for ciprofloxacin, ceftriaxone, ampicillin, gentamycin against S. aureus and
E. coli respectively. While the quaternary mixtures resulted in a further reduction of the
effective concentration of the drugs, IC5 values obtained 7.5E-08, 0.002, 1.49E-07, 0.10 and
0.77µg/ml, 4.0E-04 µg/ml, 0.01µg/ml, 2.19µg/ml for IC5, IC10, IC20, IC50 and IC80 equi-effect
mixtures against S. aureus and E. coli respectively.
Table 1: Threshold Inhibitory Concentration (IC) and Toxicity Response Model of Individual
Antibiotics and Equi-Effect Mixtures
Threshold Inhibitory Concentrations (µg/ml)
Antibiotics5
10
20
50
80
Single and
Toxicity Response
Staphylococcus aureus
IC mixtures
Model
Singles
Ciprofloxacin
Ceftriaxone
Ampicillin
Gentamycin
IC10
IC20
IC50
IC80

0.04
2.97
0.02
0.90
7.5E-08
0.002
1.49E-07
0.10

Ciprofloxacin
Ceftriaxone
Ampicillin
Gentamycin
IC10
IC20
IC50
IC80

0.09
1.55
19.62
0.003
0.77
0.0004
0.01
2.19

0.17
7.94
0.10
0.91

0.73
8.16
23.26
154.02
0.73
16.23
0.99
2.05
Mixtures
1.5E-07
2.0E-05
1.6E-01
0.002
0.004
1.451
6.41E-06
3.76E-04
2.76E-01
0.28
0.86
6.00
Escherichia coli
Singles
0.18
0.38
2.08
3.23
7.29
35.22
19.63
19.68
82.11
0.010
0.042
0.434
Mixtures
2.15
6.70
52.06
0.0073
0.1469
17.6010
0.09
0.67
22.81
4.81
11.46
56.39

61.98
1343.22
177.53
10.38

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

9.9E+01
116.320
5.93E+01
56.65

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

10.45
170.11
11297.50
3.642
866.13
736.12
944.27
700.65

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

Furthermore, the IC50 obtained was 8.16, 154.02, 16.23, 2.05 and 2.08µg/ml, 35.22µg/ml,
82.11µg/ml, 0.434µg/ml for individual antibiotics Ciprofloxacin, Ceftriaxone, Ampicillin,
Gentamycin against S. aureus and E. coli respectively. However, the combination of these
antibiotics resulted in a reduction of the IC50 values against S. aureus than E. coli. IC50 value
obtained was 1.6E-01, 1.451, 2.76E-01, 6.00 and 52.06µg/ml, 17.60 µg/ml, 22.81µg/ml,
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56.39µg/ml for IC5, IC10, IC20, IC50 and IC80 equi-effect mixtures against S. aureus and E. coli
respectively.
The Toxic index analysis of the mixtures (Table 2) showed that the mixture interactions were
synergistic in IC5, IC10, IC20, IC50 and IC80 mixtures against the isolates S. aureus and E. coli.
The TI was 0.01, 0.04, 0.01 and 0.12 for S. aureus, while TI value was 0.46, 0.1, 0.76, and
0.77 for E. coli in IC10, IC20, IC50, IC80 equi-effect mixtures respectively. The result of TI value
showed that the mixtures were more effective against S. aureus than E. coli. Toxicity was in
the order IC10>IC50>IC20>IC80 and IC20>IC50>IC10>IC80 against S. aureus and E. coli
respectively.
Table 2: Threshold Inhibitory Concentration (IC50), Toxicity Index and Toxicity
Interaction of Equi-Effect Mixtures of Ciprofloxacin, Ceftriaxone, Ampicillin and
Gentamycin.
Organism/Antibiotics
Equi-effect Mixtures
Staphylococcus aureus
IC10
IC20
IC50
IC80
Escherichia coli
IC10
IC20
IC50
IC80

IC50

Toxic Index

Toxic Interaction

1.6E-01
1.451
2.76E-01
6.00

0.01
0.04
0.01
0.12

Synergistic
Synergistic
Synergistic
Synergistic

52.06
17.60
22.81
56.39

0.46
0.1
0.76
0.77

Synergistic
Synergistic
Synergistic
Synergistic

The toxicity of equi-effect quaternary mixture of antimicrobial agents (Ciprofloxacin,
Gentamicin, Ceftriaxone and Ampicillin) with dissimilar mode of action against S. aureus and
E. coli clinical isolates was assessed. Ciprofloxacin, gentamicin, ceftriaxone and ampicillin
are broad spectrum antibiotics applied in the treatment of a variety of infections involving
aerobic gram negative and some gram positive organisms. Antimicrobial agents have been
utilized in the treatment of infectious diseases in animals and humans. Exposure of
microorganisms to wide range of antibiotics results to a selective evolution of resistance to
hitherto toxic agents. There is need for the combination of antibiotics to outwit resistant
organisms.
The simultaneous combination of multiple anti-microbial agents is standard for treatment of
long-term infectious diseases like HIV/AIDS, Tuberculosis, Hepatitis and Malaria (Thompson
et al., 2010; Connolly, Edelstein and Ramakrishnan, 2007; Finch, Greenwood, Norrby and
Whitley, 2003). Multiple drugs are also used to treat polymicrobial infections and in situations
where the causative agent of the infection is unknown at the start of the therapy (Gorbach,
1994).
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In the present study, the single antibiotics showed a dose dependent toxicity on the
organisms, attaining above 80% inhibition of the isolates within the assessed concentration
range. The obtained IC50 values was 8.16, 154.02, 16.23, 2.05 and 2.08 µg/ml, 35.22 µg/ml,
82.11 µg/ml, 0.434 µg/ml for Ciprofloxacin, ceftriaxone, ampicillin gentamycin against S.
aureus and E. coli respectively.
Comparison of antimicrobial effect based on IC50 values, showed that toxicity was in the
order: gentamycin > ciprofloxacin > ampicillin > ceftriaxone and gentamycin > ciprofloxacin >
ceftriaxone > ampicillin against S. aureus and E. coli respectively. Furthermore, equi-effect
combination of the antimicrobial agents in quaternary mixtures potentiated the antimicrobial
effect of the drugs against the isolates than the single drugs. Combination of these drugs
based on IC10, IC20, IC50, IC80 equi-effect ratio resulted in a far reaching reduction of the
effective dose of the drugs against S. aureus. The IC50 values were significantly reduced
compared to the single drugs. However, combination of the mixtures against E. coli did not
amount to a more toxic effect than the single drugs. IC10 and IC80 equi-effect mixtures
resulted in a higher IC50 value when compared to the single drugs with the exception of
Ampicillin. Also, the IC20 and IC50 mixture showed an increased IC50 value when compared to
Ciprofloxacin and Gentamycin, with exception of Ceftriaxone and Ampicillin. These observed
reductions of the effective toxic dose may be attributed to a possible shift towards
antagonism in the toxicity of the drugs mixtures. Analysis of the toxic index and toxic
interaction of these drugs (Table 2) showed that the equi-effect IC10, IC20, IC50, IC80 mixtures
were synergistic against S. aureus and E. coli. However, a closer look at the toxic index of
these mixtures against E. coli shows a steady decent of the mixture towards additivity and
antagonism (Boillot and Perrodin, 2008). The TI values of the equi-effect mixtures against S.
aureus tended towards zero (Table 2) while those against E. coli steadily increased towards
one. The antagonistic effect of antibiotic mixtures may be attributed to tolerance of the
microorganisms to the drugs or a possible chemical interaction of the mixture resulting in a
less toxic compound.
Synergistic interactions of antibiotics have been observed in a number of studies (Anderson,
Young and Hewitt, 1978; Andriole, 1974; Bliziotis, Samonis, Vardakas, Chrysanthopoulou
and Falagas, 2005). The observed synergistic interaction in this study may be attributed to
overwhelming of possible resistance mechanisms of S. aureus against these antibiotics
owing to the dissimilarity in their mode of action (Bliziotis et al., 2005).
In treatment of infections involving gram negative organisms, antimicrobial synergy has
traditionally been seen with β-lactam-aminoglycoside combinations. The combination of a βlactam and aminoglycoside provides for different mechanisms of bacterial elimination
(Eliopoulos and Eliopoulos, 1988; Glew and Pavuk, 1983). Β-lactam-mediated disturbance of
the cell walls of gram negative bacilli facilitates passage of aminoglycosides into the
periplasmic space (Hancock, Raffle &Nicas, 1981; Miller, Feinstein and Chow, 1987). Other
in vitro studies, using small number of isolates, have similarly found that treatment with a
combination of β-lactam and aminoglycosides is superior to treatment with a β-lactam alone
(Wu, Scott, Po and Tariq, 1999).
The motivation for the use of multiple drugs, rather than single drugs, has both evolutionary
and pharmacological components. Multiple drugs with different modes of action when used
for treatment of bacterial infection resistant to single drug present an alternative, rendering
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the organism susceptible to the other drugs in the mixture. Combination of antibiotics may
possess potential advantages such as increased spectrum of coverage, reduced mortality,
reduced risk for emergence of resistance during therapy (Micek, Welch and Khan, 2010).
Furthermore, it may result to additive, synergistic, or antagonistic effect (Kollef, 2000, Bhat et
al., 2007), and reduce use of broad spectrum antibiotics which may sensitize organisms to
develop resistance (Richard and Yitzhak, 2014).
4.
Conclusion
The combination of antibiotics in the treatment of infection holds positive promises. However,
care must be taken in the choice of drugs and in the effective combination dosage to avoid
debilitating side effects or an interaction that will result to a less effective toxicity. This study
has clearly shown that combination of ciprofloxacin, ceftriaxone, ampicillin and gentamicin in
IC10, IC20, IC50, IC80 equi-effect mixtures holds promising results in the treatment of infections
involving staphylococcus aureus. However, although these mixtures were also effective
against the E. coli isolate, most of the mixtures were not more effective than the single drug.
These mixtures demonstrated synergistic interaction. It is our recommendation that the
assessment of drug combination for determining the toxic effect response be further
researched and studied quantitatively as it can assist in combating evolving antimicrobial
resistance.
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