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Abstract: The present study has been carried out to evaluate the activity of antibiotics
alone and antimicrobial potential of their combination against bacteria implicated in
infectious diseases like diarrhoea in tropical areas. The antimicrobial potential of
antibiotics was tested against clinical isolates and reference bacterial strains using disk
diffusion and microdilution methods. The results showed that the combined application of
the antibiotics led to a synergistic effect in some cases, but antagonistic effect was also
observed in some bacteria. Combinations involving CIP together with another antibiotic
were the most efficient. Combinations CIP+MTZ and AMX+CIP were synergistic and
have bactericidal activity against S. aureus, P. aeruginosa, respectively. While the
synergistic combination of CIP+AMP was bactericidal against S. aureus and P.
aeruginosa (MBC / MIC = 1). The use of the antibiotic combination depends on the
antibiotics used and the infectious bacterial strain. The choice of antibiotic combinations
should be dictated by results of susceptibility tests performed on each strain.

Keywords: Antibiotic combination; bacteria diarrhoeic; multidrug resistance; synergistic
effect; antimicrobial activity; antagonistic effect.

INTRODUCTION

Enteric diseases are a major cause of morbidity and mortality in poor and
developing countries [1]. Diarrhea is the clinical syndromes of digestive expression of
bacterial, parasitic or viral origin, linked to the fecal peril.

combat antibiotic-resistant bacterial

They are a major health problem in the world,
especially in Third World countries where these
diseases are endemic. According to WHO, the number
of infant diarrhea deaths is estimated to 5-10 million per
year. In developing countries, nearly 760,000 children
under five die from diarrhea [2]. The causative
organisms are Gram-negative bacteria including
Enterobacteriaceae (E. coli, Shigella and Salmonella);
and Gram-positive bacteria (staphylococci); they
developed the mechanisms of resistance to antibiotics
likely to compensate for diarrhea [3].

Indeed, multiple modalities including antibiotic
therapies have been used to treat these common
infections. But recently, this has been put in jeopardy by
emergence of widespread antimicrobial resistance,
which is one of the major problems facing modern
medicine. Thus, innovative therapeutic methods to

pathogens are
urgently required.

There are many ideas and strategies about the
possibility of keeping control of infections in this
"antibiotic resistance crisis" current [4, 5]. One of them
consists in monitoring the effectiveness of drugs already
on the market [6], like that, inspect the enhancement of
antibiotic efficacy by their combination. Combining
antibiotics is a promising strategy to increase treatment
efficacy and to control resistance evolution [7].

Currently the most used antibiotics in Gabon
against diarrhea are ciprofloxacin, metronidazole,
amoxicillin and ampicillin. It is therefore necessary to
control the effectiveness of these antibiotics with regard
to the main germs causing diarrhea and to seek

Available online at http://saspublisher.com/sajp/



http://www.saspublisher.com/

Joseph Privat Ondo et al., Sch. Acad. J. Pharm., Jan 2018; 7(1): 4-10

therapeutic solutions, in particular by combining
antibiotics to combat resistant organisms.

MATERIALS AND METHODS
Microbial strains

The selection of clinical microorganisms
depended on their availability, thus microorganisms that
have been reported to be the most frequently implicated
in infectious diseases like diarrhoea in tropical areas
were well-represented [8]. Some antibiotics and their
combinations were tested against a panel of resistant
microorganisms, including five strains non-referenced
of clinical isolates obtained from diarrhea affected
patients  (different  ages);  Escherichia  coli,
Staphylococcus aureus, Klebsiella pneumoniae spp
pneumonia, Pseudomonas aeruginosa, Shigella spp
why were isolated at Laboratory of Bacteriology of
University Hospital Center of Libreville, Gabon. Five
references bacterial strains, Escherichia coli CIP
105182, Salmonella typhimurium ATCC 13311,
Shigella dysenteria CIP 5451, Salmonella entérica CIP
105150, Staphylococcus aureus ATCC 25293 BHI were
tested too.

Antibiotics used in this study and Preparation

Antibiotic powders of ampicillin (AMP),
amoxicillin -~ (AMX, BAILLY-CREAT, France),
metronidazole (MTZ, SANOFI AVENTIS, France) and
ciprofloxacin (CIP, EXPHAR, Belgique) were used.
The combinations of antibiotics used are Ampicilin +
Metronidazole (AMP+MT2); Amoxicillin +
Ciprofloxacin (AMX+CIP); Amoxicillin + Ampicilin
(AMX+AMP); Amoxicillin + Metronidazole (AMX +
MTZ); Ciprofloxacin + Metronidazole (CIP+MTZ);
Ciprofloxacin + Ampicilin (CIP+AMP).

For antibacterial screening, stock antibiotic
solutions were prepared (100 mg/mL) for each and
combinations. In addition, different concentrations of
antibiotic combinations, which is to be examined for
Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC), are
prepared (2.5 - 7.62.10™ mg/mL).

Antibacterial screening of antibiotics

The antibacterial screening of antibiotics alone
and combination was carried out using by agar well
diffusion method [9]. The bacteria grown in nutrient
broth at 37°C for 18 h were standardized using normal
saline to turbidity of 0.5 Mac Farland standards (10°
cfu/mL). Petri dishes (90 mm in diameter) were
prepared with 15 mL of a base layer of Mieller-Hinton
gelose medium and the test bacteria were inoculated on
nutrient agar plates and spread uniformly using a sterile
glass spreader. Six millimeter of sterile paper discs
(Whatman No. 3) soaked with 20 pL of the antibiotics
dilution or combinations (100 mg/mL) were placed on
agar in 15 mm of Petri dishes periphery. The Petri
dishes were incubated aerobically at 37°C for 18 to 24
h. The effect of antibiotic and combination was

reflected by the appearance around disc with a
transparent circular zone corresponding to the absence
of growth. The diameter of inhibition zone was
measured in mm. All tests were performed in triplicate
and antibacterial activity was expressed as the mean of
Diameters of Inhibition Zone (D1Z) produced.

Minimum Inhibitory Concentration (MIC) and
Minimum Bactericidal Concentration (MBC)

The Minimal Inhibition Concentration (MIC)
and Minimum Bactericidal Concentration (MBC)
values were studied for the bacterial strains and the
antibiotic combinations that presented of synergetic
action in disc diffusion assay. Thus, a microdilution
broth susceptibility assay was used, as recommended by
the National Committee for Clinical Laboratory
Standards [9] for determination of MIC and MBC.
Briefly, the combinations were properly prepared,
sterilized and 100 pL (10 mg/mL) transferred to first
row of wells in sterile 96 well-plates previously filled
with 100 pL of sterile nutrient broth to obtain a twofold
serial dilutions. Then, 90 uL of nutrient broth and 10 pL
of microbial suspensions diluted from the same 0.5 Mac
Farland standards to have 5 x 10° CFU/mL in each well
were added into wells. A number of wells were reserved
in each plate for sterility control (no inoculum added),
inoculum viability (no antibiotic added). A range of
concentration of combination from 2.5 to 7.62.10°
mg/mL was prepared in a total volume in wells of 200
pL. The plates were incubated aerobically at 37°C and
MICs were determined. The MIC was defined as the
lowest concentration of the combination at which the
microorganism tested does not demonstrate visible
growth.

To determine MBCs, 100 pL of bacterial
suspension from subculture demonstrating no visible
growth were removed to spread onto Plate Count Agar
(PCA) medium plates. Plates were incubated at 37°C
for a total period of 48h. The MBC was defined as the
lowest concentration of the combination at which
99.99% or more of initial inoculum was killed.

Statistical Analysis

Experimental results were expressed as mean +
standard deviation. All measurements were replicated
three times.

RESULTS
Diameter of inhibition zone of antibiotics and
combination

The antibacterial activity of the antibiotics as a
function of the diameter of the zone of inhibition (DZI)
is interpreted as follows: DZI < 8 mm: non-sensitive; 8
mm < DZI < 14 mm: sensitive; 15 mm< DZI < 19 mm:
very sensitive; DZI >20 mm: extremely sensitive [10].

Antibiotics alone
In table 1, the antibiotic resistance/
susceptibility profile of reference strains revealed that,
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the antibiotics showed significant antibacterial
characters against the tested microorganisms referenced
with exception of Staphylococcus aureus ATCC 25293
BHI that has resistance to metronidazole.

While, the analysis in table 2 reveals that the
clinical isolates are all highly sensitive to at least one of
the four antibiotics tested. Nevertheless, several isolates
are resistant to at least one antibiotic. Thus,
Staphylococcus aureus is resistant to AMX and CIP
whereas Klebsiella pneumoniae spp pneumoniae and
Pseudomonas aeruginosa are resistant to MTZ and CIP,
respectively. Shigella spp has a multi-resistance against
AMP, MTZ and AMX antibiotics.

Antibiotic combinations

The reference strains exhibit a different
sensitivity to combinations of antibiotics than clinical
isolates. According to the obtained results (table 1), the
combination of the antibiotics showed that most of the
reference strains were an antagonistic effect to one or
more of the tested combination. Most of the strains
were an antagonistic effect to AMX+AMP combination
(100%), AMX+CIP and AMX+MTZ combinations
(80%  respectively), CIP+MTZ and CIP+AMP
combinations (60% respectively).

Four combinations of antibiotics have an
activity, which is indifferent to at least one reference
strain. Indeed, the AMP+MTZ and CIP+AMP
combinations have an indifferent activity on two strains,
Shigella dysenteria CIP 5451 and Staphylococcus
aureus ATCC 25293 BHI as well as Escherichia coli
CIP 105182 and Salmonella enterica CIP 105150
respectively. The combinations AMX+CIP,

AMX+MTZ have indifferent action to Escherichia coli
CIP 105182. The application of AMP with MTZ led to
a synergistic effect on Salmonella enterica CIP 105150
and Salmonella typhimurium ATCC 13311. A
synergistic effect was also observed in Salmonella
enterica CIP 105150 and Staphylococcus aureus ATCC
25293 BHI when the combination of CIP with MTZ
was applied.

With regard to clinical isolates, table 2 shows
that they have less antagonistic activity against the
combinations compared to the reference strains. Thus,
the combination of AMP+MTZ antibiotics shows 80%
of antagonistic action, AMX+AMP has 60%, CIP+MTZ
and CIP+AMP, and AMX+CIP and AMX+MTZ have
40% and 20% antagonistic effect, respectively. The
antibiotic combinations studied have more synergistic
activity on clinical isolates. Indeed, five of six
combinations have a synergistic action on at least two
isolates. Thus, the AMX+MTZ combination is the most
effective on isolates because it has a synergistic effect
on four (4) isolates including, Staphylococcus aureus,
Klebsiella pneumoniae spp pneumoniae, Pseudomonas
aeruginosa, Shigella spp. The combinations AMX+CIP,
CIP+MTZ and CIP+AMP all have a synergistic effect
with  Staphylococcus aureus and Pseudomonas
aeruginosa isolates. A synergistic action was also
observed in Escherichia coli and Shigella spp when the
combination of AMX+AMP was applied. An indifferent
activity of the combination of the antibiotic AMP+MTZ
on Shigella spp isolate, AMX+CIP was observed on
Escherichia coli and Klebsiella pneumoniae spp
pneumonia isolate. Finally, CIP+MTZ and CIP+AMP
have an indifferent effect on Klebsiella pneumoniae spp
pneumoniae.
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Table-1: The antimicrobial activities (zones of inhibition) of antibiotics alone and its combination effect
(mm) against five strains referenced

Microorganis

Standard antibiotic

Antibiotic combinations

ms AM | MT | AM | CIP | AMP+M | AMX+ | AMX+A | CIP+MT | CIP+AM | AMX+M
P Z X TZ CIP MP Z P TZ
Escherichia |12+ |20+ | 19.3 | 386 | 16+1.11 | 38+20 R A 35.33 % 37.33 19.66 +
coli CIP 066 |20 |3 6+ A | 0.44 A 1.551 0.441
105182 044 | 111
Shigella 143 | 13+ | 16.6 | 40.6 14.33 R, A 10.66 + 35.33 % 37.66+ | 10+1.33
dysenteria 3+ |20 |6% 6+ 1111 0.88 A 0.44 A 177 A A
CIP 5451 1.11 1.11 | 0.88
Salmonella | 36.3 | 36.3 | 27+ | 38+ | 55+6.66 R, A 2833+ | 41+133 | 38.66* 17.33+
entericaCIP |3+ |3+ |[133 |20 S 222 A S 1111 222 A
105150 111 | 422
Salmonella |35+ | 31.6 | 35+ | 48.6 | 41+0.66 R, A 16.66 + 41.66 35.66 + 14.33
typhimurium | 066 |6 |0 6+ S 222 A 222 A 377 A 155A
ATCC 13311 1.55 244
Staphylococc | 43.3 | R 36+ | 21.6 43.33 % R, A 3833+ | 30+x0S | 39.66+ | 16+0.66
us aureus 3% 066 | 6=+ 1.771 222 A 0.44 A A
ATCC 25293 | 1.77 2.2
BHI

I: Indifference; S: Synergy; A: Antagonism; R: resistant strain (no inhibition)

Table-2: The antimicrobial activities (zones of inhibition) of antibiotics alone and its combination effect (mm)
against five resistant clinical isolates

Microorganis Standard antibiotic Antibiotic combinations
ms AM | MT | AM | CI AMP+M | AMX+C | AMX+A | CIP+MT | CIP+A | AMX+M
P Z X P TZ IP MP Z MP TZ
Escherichia 285 |45+ | 34+ | 55 39.33+ 53.33+ 4333+ | 50+3.3 | 4167+ | 4167+
coli + 01 | 21 + 0.89 A 2.221 2228 A 222 A 222 A
2.0 0.1
Staphylococc | 34+ | 25+ | R R | 27+£0.67 | 45+0.1 29.33 + 4333+ | 4333+ 31.33+
us aureus 10 | 2.2 A S 2.89 A 2.22 S 2.22 S 258
Klebsiella 185 | R | 115 | 28. R, A 30+0.1 R, A 29.33+ | 27.33+ | 16 £0.67
pneumoniae + + 5+ | 0.891 0.441 S
spp 0.5 15 | 15
pneumoniae
Pseudomonas | 30.5 | 20+ | 225 | R 26 +£2.3 4767+ | 28+0.1A | 51+3.1 | 4867+ | 4333+
aeruginosa * 0.1 * A 1.78 S S 0.89S 2.22S
1.2 2.2
Shigella spp R R R 29 R, I 20+£0.1 41.67 + 27 2433+ | 4167+
* A 2228 1.33A 0.89 A 2228
1.0

I: Indifference; S: Synergy; A: Antagonism, R: resistant clinical isolate (no inhibition)

MICs and MBCs of the antibiotic combinations

The MIC and MBC values, those resulting
from combining two antibiotics with synergetic action
in disc diffusion assay, are presented in table 3. The
results of Minimum Inhibitory Concentrations (MIC)
and Minimum Bactericidal Concentrations (MBC) of
antibiotic combination against different microorganisms
shows that CIP+MTZ combination had a wider
spectrum of activity than others. It had MIC of 0.04
mg/mL against S. aureus, P. aeruginosa clinical isolates
and 7.62.10° mg/mL, 6.1.10* mg/mL against S.
enterica CIP 105150 and S. aureus ATCC 25293 BHI,
respectively. It also had minimum bacterial
concentration of 0.04 mg/mL against S. aureus, 0.08
mg/mL against P. aeruginosa, and 6.1.10* mg/mL

against S. enterica CIP 105150, 4.9.10° mg/mL against
S. aureus ATCC 25293 BHI.

The CIP+AMP combination also showed good
activity against S. aureus and P. aeruginosa isolates
with 0.01 mg/mL MIC and 0.08 mg/mL MBC on each
of the isolates, respectively. The same is true for the
combination of antibiotic AMX+CIP with MIC = 0.04;
0.62 mg/mL and MBC = 0.16; 0.62 mg/ml for S. aureus
and P. aeruginosa, respectively. The AMX+MTZ
combination showed no inhibitory activity against P.
aeruginosa and Shigella spp in the concentration range
of our study. The same result was found for
AMX+AMP combination against Shigella spp and E.
coli; its shows a MIC of 1.25 mg/mL and an MBC
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superior than 2.5 mg/mL. AMP+MTZ shows an
interesting result on S. enterica CIP 105150 and S.
typhimurium ATCC 13311 for MIC (0.32 and 0.62 mg /

mL, respectively) but the MBC is greater than 2.5 mg /
mL on the two strains.

Table-3: MIC and MBC values of synergistic antibiotic combinations

Microorganisms MIC/MBC (mg/mL)
AMP+MTZ CIP+MTZ AMX+AMP | AMX+MTZ | AMX+CIP CIP+AMP
MIC [ MBC | MIC | MBC | MIC [ MBC | MIC [ MBC [ MIC | MBC [ MIC | MBC
Clinical isolates
E. coli 125 | 225
S. aureus 0.04 0.04 0.04 | 0.16 | 0.04 | 0.04
P. aeruginosa 0.04 0.08 Nd Nd | 0.62 | 0.62 | 0.08 | 0.08
Shigella spp Nd Nd Nd Nd
Reference strains
S.entericaCIP | 0.32 | >2.5 | 7.62.10" | 6.1.10°
105150 ° !
S. typhimurium | 0.62 | >2.5
ATCC 13311
S. aureus 6.1.10" | 4.9.10°
ATCC 25293 :
BHI
Nd: no determined (no inhibition)
DISCUSSION combinations justified to the prevention of emergence

From this study, we can see that all antibiotics
showed antibacterial activity against different bacterial
strains and isolates, but at different levels. All the tested
bacteria were more or less sensitive to four antibiotics
with the exception S. aureus ATCC 25293 BHI which
showed resistance against MTZ.  There is more
resistance in clinical isolates against antibiotics,
Staphylococcus aureus (resistant to AMX and CIP),
Klebsiella pneumoniae spp pnheumoniae (resistant to
MTZ), Pseudomonas aeruginosa (CIP resistant),
Shigella spp (resistant to AMP, MTZ and AMX).

In our study, we found CIP and AMX to be the
most effective antibiotics against our reference strains.
On the other hand, two clinical isolates were resistant to
CIP  (Staphylococcus aureus and Pseudomonas
aeruginosa) whereas he was highly effective against
Escherichia  coli, Klebsiella pneumoniae  spp
pneumonia, Shigella spp. A single isolate is resistant to
AMP (Shigella spp) and the others are at least very
sensitive. This information may be useful in the
treatment of bacterial diseases such as diarrhea. AMP is
therefore more suited for antibacterial therapy because,
despite the greater antibacterial efficacy of CIP, it
selects more resistant isolates than AMP. Although CIP
is a broad spectrum antibiotic, Syeda et al., showed that
ciprofloxacin is 21.95% and 44.44% resistant to
Staphylococcus aureus and Pseudomonas aeruginosa
respectively. But too 27.02%, 16.66% and 72.22%
resistant to Escherichia coli, Salmonella typhi and
Klebsiella pneumonia, respectively [11].

Due to the frequent resistance development
during monotherapy treatment of infected patients,
multiple combinations of antibacterial agents are being
proposed. Indeed, the clinical use of antimicrobials

of resistant organisms, polymicrobial infection, initial
therapy (in patients where the nature of infection is not
clear yet) and decreased toxicity [12]. This study
indicates that some combinations of standard antibiotics
studied have significant potential for the development
of new antimicrobial treatment and reduction of drug
resistance, which will permit to find the treatment of
several diseases caused by microorganisms. Indeed,
from the results obtained, two combinations have a
synergistic effect on three reference strains. Whereas
five clinical isolates tested are individually sensitive by
a synergistic effect to at least one of six
microorganisms. This synergy could lead to new
options for the treatment of infectious diseases. This is
to effectively treat mixed and severe infections, enhance
antibacterial activity, reduce the time needed for long-
term antimicrobial therapy and prevent the emergence
of resistant microorganisms [13].

The combinations are used in order to enhance
the effect of individual antimicrobials by means of
synergic interactions [14]. However, even with those
pairs where one or both antibiotics exerted a
bactericidal action, synergism did not occur. Indeed,
some mixtures, which were strongly synergistic when
acting on some strains, gave only indifference or even
antagonistic effect on other strains. CIP+MTZ or
AMX+CIP were synergistic against Staphylococcus
aureus and Pseudomonas aeruginosa in broth but not
against Escherichia coli, Shigella spp (antagonistic
effect) and Klebsiella pneumoniae spp pneumonia
(indifference effect), in spite of the ability of certain
drugs to kill a few organisms severally. In a prospective
study of 189 consecutive episodes of P. aeruginosa
bacteremia, the investigators found that survival was no
greater in patients who received two or more antibiotics
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with in vitro activity against P. aeruginosa (therapies
not specified) than in patients who received a single
agent with in vitro activity [13]. It should be noted that
the bacteria tested were at least sensitive to the
combinations studied despite the antagonistic activities
observed. Only the combination AMX+CIP exhibits an
antagonistic antibacterial activity leading to resistance
of the reference strains (S. dysenteria CIP 5451, S.
enterica CIP 105150, S. typhimurium ATCC 13311, S.
aureus ATCC 25293 BHI). The clinical isolate
Klebsiella pneumoniae spp. Pneumonia was resistant to
AMP+MTZ and AMX + AMP due to an antagonistic
effect of these combinations.

Clinicians will consider antibiotic therapy
against resistant bacteria. The antibacterial activity was
considered bactericide when the ratio MBC/MIC is 1
and bacteriostatic when this ratio is 2 or more [15].
Three combinations containing the CIP have very low
MICs, marking their bactericidal and bacteriostatic
effect. The three combinations were synergistic with
bactericidal effect against S. aureus, P. aeruginosa
isolates, S. enterica CIP 105150, S. aureus ATCC
25293 BHI strains in this study. Combinations
CIP+MTZ and AMX+CIP were synergistic and have
bactericidal activity against S. aureus, P. aeruginosa,
respectively. While the synergistic combination of
CIP+AMP was bactericidal against S. aureus and P.
aeruginosa (MBC / MIC =1). These combinations can
help in combating the resistance of these bacteria to
antibiotics at low concentrations. The AMX+CIP
combination was bacteriostatic on S. aureus whereas
CIP+MTZ was as bacteriostatic on the P. aeruginosa
isolate as on S. enterica CIP 105150 and S. aureus
ATCC 25293 BHI (MBC / MIC > 2). Combinations of
AMX+AMP and AMX+MTZ, despite their synergistic
effect, require high concentrations (< 2.5 mg / mL) to
prevent bacterial growth.

CONCLUSION

The practice of multidrug therapy worldwide
and some in vitro antimicrobial combinations studies
have been undertaken to validate the role of synergism
in antibiotherapy. Nevertheless, our study shows that
the combination of antibiotics is not recommended for
all situations of resistance to antibiotics. The use of the
antibiotic combination depends on the antibiotics used
and the infectious bacterial strain. In some strains and
isolates, combination antimicrobial therapy may be
superior to monotherapy for the treatment of infections,
or be useless, or even less effective than monotherapy.
Hence, this provides an effective alternate way to deal
with the problem of multidrug resistance if and only if
the therapeutic combinations are used after an
appropriate antibiogram.
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