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Abstract – The present study was designed to evaluate the influence of silibinin on the gentamicin activity
against the resistant strain of Enterobacter cloacae. A gentamicin resistant isolate of Enterobacter cloaca was
obtained from Al-Sheikh Zayed hospital, Baghdad and cultivated in Mueller Hinton agar; the impact of
different concentrations of gentamicin, silibinin or their combination were determined using the
conventional drug sensitivity assay to determine the growth inhibitory parameters of each. The study
revealed strong resistance for the pathogen against gentamicin and very poor sensitivity for silibinin at the
highest concentration used. The isobologram technique was followed to determine the interaction of both
drugs against the pathogen. Silibinin antagonizes the gentamicin effect when combined at 7:3, 5:5 and 3:7
ratios. In conclusion, silibinin can augment resistance of Enterobacter cloacae to gentamicin when co-
administered as a combination. Further studies are recommended to determine the precise mechanism
through which gentamicin resistance was conferred and the way through which silibinin antagonized
gentamicin.

INTRODUCTION

Enterobacter is a common Gram-negative
facultative anaerobic bacterium that causes a
number of opportunistic infections in hospitalized
immunocompromised patients including lung,
urinary tract or peritoneal infections (Mezzatesta et
al., 2012). Treatment of different Enterobacter-
induced infections depends on its resistance profile
to different types of antibiotics. The recommended
protocol involves four lines of treatment including
fourth-generation cephalosporins (cefepime) as the
first line, carbapenems as the second line,
aminoglycosides especially amikacin and
gentamicin as the second line and quinolone
derivatives like ciprofloxacin that falls within the
fourth line (Thiola et al., 2005; Annavajhala et al.,
2019). The high incidence rate of antibiotic
resistance amongst different strains of Enterobacter,
as well as prevalence of cross-resistance to more
than one antibiotic created a big hassle while
prescribing an empirical antibiotic therapy to

eradicate the infections induced by these strains (Le-
Ha et al., 2019; Boutarfi et al., 2019). Currently, the
availability of effective drugs to eradicate resistant
bacteria has been rapidly decreasing, only a few
newly approved antibiotics that active against
resistant bacteria are clinically used in the past
decades (Fernandes, 2015). This urged scientists to
search for more potent alternatives or adding
chemosensitizers to reverse the antibiotic resistance
against conventional antibiotics (Suknasang et al.,
2019). Silibinin is the major flavonolignan isomer of
silymarin isolated from the milk thistle (Silybum
marianum) seeds (Fibigr et al., 2017). This polyphenol
is widely used in traditional medicine for the
treatment of different liver and gallbladder
disorders (de Avelar et al., 2017; Boigk et al., 1997), in
addition to its approval as an antidote for acute
cases of Amanita phalloides and acetaminophen
poisoning (Roberts et al., 2013; Campos et al., 1988).
Many studies have pointed out the antimicrobial
effect of different silymarin derivatives and their
plausible role in the reversal of antibiotic resistance
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in different multidrug-resistant bacteria (de
Monbrison et al., 2006; Wang et al., 2018) including
its reversal effect on ampicillin and oxacillin
resistance in the methicillin-resistant Staphylococcus
aureus (MRSA) (de Oliveira et al., 2015). Meanwhile,
its activity in the reversing effect on chemoresistant
cancer cells is well documented (Hussain and
Marouf, 2013). As a part of such efforts, the present
study aims to evaluate the expected influence of
silibinin on the sensitivity of a resistant strain of
Enterobacter cloacae to the gentamicin effect in vitro.

MATERIALS AND METHODS

Materials

Mueller Hinton agar, nutrient broth, and McFarland
solution were purchased from Biolab, Hungary.
Meanwhile, gentamicin powder was procured from
Brawn Laboratories Ltd., India and a standardized
powder of silibinin dihemisuccinate (98% purity)
was obtained from Tolbiac S.L., Argentina. Samples
of Enterobacter cloaca resistant strain were isolated
from urine samples obtained from patients suffering
from urinary tract infection in Al-Sheikh Zayed
Hospital, Baghdad. The bacteria were identified and
authenticated by a specialized bacteriologist in the
Central Public Health Laboratories of the Iraqi
Ministry of Health.

Methods

The growth inhibitory effect of gentamicin and
silibinin and their combinations were screened
using agar diffusion well variant as previously
described elsewhere (Valgas et al., 2007). The
experiment involves the growing and maintenance
of the bacteria, exposing the bacteria to different
concentrations of the tested compounds and their
combination. Inoculums of the bacterial isolates
weresuspended in nutrient broth. The bacterial
concentration was adjusted at 0.5 McFarland (1-2
X108 CFU/mL). Then, the bacterial suspension was
spread on a sterile Petri dish Mueller Hinton agar
using a sterile cotton swab. About 5-6 wells of 7 mm
diameter holes and 20 mm apart from each other
were cut in the agar gel with the help of a sterile
borer before starting the cultivation. Stock solutions
containing 10 mM of gentamicin or silibinin were
prepared and exposed to a two folds serial dilution
to prepare each drug at a concentration range of 1
nM to 1 mM. A constant volume (50 L) of different
concentrations of each compound (1 nM to 1 mM)

was added into the wells of the cultivated diffusion
agars. The gars were incubated at standard
conditions (37 °C and aerobic conditions) for 24
hours. A confluent bacterial growth was observed
after inoculation along with the presence of zones of
inhibition around the wells. The zones of inhibition
for each concentration were measured using a
Vernier and utilized for the determination of the
growth inhibition parameters (IC10, IC50, IC90, and
IC99). Screening of the effects of the silibinin and
gentamicin combination was done using the
previously described isobolograms technique
(Ibraheem et al., 2015). Briefly, working solutions of
silibinin and gentamicin were prepared from their
stocks at concentrations equivalent to 16 times their
IC50 against the Enterobacter cloacae isolates. The
dilution was chosen such that IC50 of each fell in the
fourth twofold serial dilution. Then, the two
solutions were mixed at fixed ratios (10:0, 7:3, 5:5,
3:7 and 0:10 ratios of gentamicin/silibinin). After
that, the mixtures were loaded into the wells made
in the cultivation agar at the standard conditions for
24 hours and treated as in drug sensitivity assay to
determine the bacterial growth profile and estimate
IC50 and IC90 of each combination separately. For
each combination ratio, both FIC50 and FIC90
(fractional inhibitory concentration) were calculated
from the ratio of the drug’s IC50 or IC90 within the
combination to those when each compound alone
was incubated with the microorganism. An
isobologram table was constructed containing both
FIC50 and FIC90 based isobolograms using each of
the IC50 and IC90 data respectively.  The interaction is
considered synergistic if the FIC value fell below 1,
indifference if it was in the range of 1 to 2 and
antagonism if the values exceeded the threshold of
2.

RESULTS

The growth inhibitory effect of gentamicin against
Enterobacter cloaca was demonstrated in Table 1; the
results revealed that gentamicin is effective at
concentrations quite higher than the acceptable limit
to be used in the clinical field since its acceptable
plasma level ranges between 5-12 µg/mL.
Accordingly, the bacteria are considered as highly
resistant to gentamicin. Regarding the bacterial
growth inhibitory effects of silibinin, the results
showed a slight growth inhibitory effect when it
was added at the highest possible concentration
(100 mM). Regarding the influence of silibinin on
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gentamicin resistance in Enterobacter cloaca, it is
noteworthy that gentamicin was used at a
concentration equivalent to 16 times its IC50 against
the bacteria (8 mM). Meanwhile, silibinin was used
at the highest possible concentration (100 mM)
using DMSO as a solvent. The preparation was
done such that the DMSO level did not surpass the
acceptable threshold against bacterial growth which
is 4% v/v. Additionally, it is important to note that a
modification was done in the experiment as it was
impossible to determine a reliable IC50 for silibinin
due to its poor activity and inability to rise up the
concentration. Its stock was prepared at the highest
possible concentration and was used in the
combination and the experiment relied on
measuring the FIC values of gentamicin only.
Surprisingly, an antagonistic effect was revealed
when silibinin was combined with gentamicin as
the IC50 of the later was obviously increased from
0.47 mM when it was given alone to be 3.7, 3.1 and
2.1 mM when both combined at different ratios (7:3,
5:5 and 3:7 gentamicin/silibinin). Furthermore, the
IC50-based fractional inhibitory concentrations
(FIC50) of the different combinations of gentamicin
within the utilized concentrations were higher than
2 (Table 2) indicating a prominent antagonistic effect
of silibinin on the antibacterial effect of gentamicin
against the resistant strain of Enterobacter cloacae. On
the other hand, based on the IC90 -based fractional
inhibitory concentration (FIC90), the antagonistic
effect was faded and the interaction was considered
as indifference (Table 2).

silymarin that widely used in traditional medicine
as a tonic agent for liver and gallbladder. Many
studies clearly demonstrated its various biological
effects including anticancer, anti-fibrotic,
antiangiogenic and antioxidant effects (Jahanafrooz
et al., 2018; Pivodová et al., 2016; Ou et al., 2018).
Moreover, the antimicrobial activity of silibinin was
highlighted by many investigators against different
pathogens (de Oliveira et al., 2015; Yun and Lee,
2017). Furthermore, silibinin has been reported to
reverse antibiotic resistance in several types of
bacterial strains, especially its synergy with
ampicillin and oxacillin against MRSA (Kang et al.,
2011). This feature encouraged evaluation of its use
as a chemosensitizer for gentamicin against the
resistant strain of Enterobacter cloacae. Enterobacter is
one of the opportunistic pathogens that trigger
serious infections in immunocompromised patients
(Arias et al., 2010). Dissemination of antibiotic
resistance amongst different strains of Enterobacter
has perplexed the dedicated efforts to eradicate
them (Liu et al., 2015); this encourages the search for
alternatives or new chemosensitizers that can
enhance the antimicrobial effects of antibiotics on
resistant microbial strains. The clinical isolate used
in the present study was highly resistant to
gentamicin (Table 1). Aminoglycosides resistance is
highly disseminated worldwide and led to the loss
of its token as an effective antibiotic to treat different
infections. This incidence adds more burdens to
health authorities as it turns the cost-effective
aminoglycoside derivatives useless to eradicate
different infections (Krause et al., 2016). It has been
suggested that resistance to the aminoglycosides
develops via four main mechanisms, including
enzymatic modification and inactivation via
acetylation using aminoglycosides acetyltransferase
enzyme, nucleotides conjugation via nucleotides-
transferase enzyme or phosphorylation via
phosphotransferase enzyme. These mechanisms are
highly plausible in Enterobacter, as previous reports
dictated its higher incidence in the gram-negative
bacteria rather than in the gram-positive type
(Garneau-Tsodikova and Labby, 2016). On the other

Table 2. Drugs combination assay (isobologram technique) for gentamicin and silibinin at different ratios

Gentamicin/ Gentamicin Gentamicin Gentamicin Gentamicin
Silibinin IC50mM FIC50 mM IC90 mM FIC90 mM

1:0 0.47 1.00 8.0 1.0
7:3 3.7 7.54 14.5 1.74
5:5 3.09 6.13 12.5 1.53
3:7 2.1 4.15 8.3 1.16

Table 1. Growth inhibitory effect of gentamicin against
Enterobacter cloacae resistant isolate

Concentration Parameters
Unit IC10 IC50 IC90 IC99

mM 0.0277 0.47 8 15.1
mg/mL 13.3 225 3830 7249

DISCUSSION

Silibinin is the major flavonolignan derivative of
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hand, the resistance may be conferred also via
stimulation of aminoglycosides efflux by the
multidrug resistance mechanism or a decrease in
the permeability of bacterial cell wall to the drug.
Aminoglycosides cross the cell wall through
binding to external cations (Mg+2 and Ca+2) that link
the cell wall lipopolysaccharides together. This
binding results in the further partial destruction of
the membrane and the influx of more molecules into
the bacteria (Garneau-Tsodikova and Labby, 2016).
Different bacteria have different strategies for the
induction of aminoglycosides resistance; however,
molecular modification of the aminoglycosides or
alterations in the target sites is the most prevalent
mechanism (Szymanek-Majchrzak et al., 2018). In
the present study, the utilized resistant bacterial is
not merely poorly sensitive to gentamicin; it showed
a very poor sensitivity to silibinin indicating that
this polyphenol is unsuitable to be implemented as
an antibacterial agent. However, based on
previously reported data (Cai et al., 2018), one may
expect its ability to change the antimicrobial effect
of the gentamicin. Surprisingly, the antagonistic
effect was obtained when the isolated Enterobacter
cloacae were exposed to different mixtures of
silibinin and gentamicin. The extent of antagonism
was higher when they were combined at a higher
ratio of gentamicin. This interaction was recognized
more in the FIC50-based isobologram rather than the
FIC90. This indicates that it may show a higher
resistance augmenting effect than the induction of
drug tolerance. In chemotherapy, the term resistance
is mostly related to the dose required to eradicate
the pathogen and correlated with IC50; meanwhile,
tolerance is related to the protraction of the required
exposure period to kill the pathogen (Michiels et al.,
2016). The results of the present study showed
controversy with other studies that reported
ubiquity of a synergistic effect of silibinin when
added with penicillin derivatives (Lee et al., 2012).
This controversy is possible due to the plenitude of
the mechanisms through which different bacteria
develop resistance to different antibiotics and the
diversity in the mechanisms through which the
antibiotics produce their effects. Penicillins inhibit
the building of the peptidoglycan matrix in the
bacterial cell wall via binding to a specific penicillin-
binding protein (PBPs). Alteration in the PBPs is one
of the main mechanisms to confer resistance. On the
other hand, it may be conferred by the expression of
a -lactamase enzyme that breaks down the -
lactam ring of different penicillin derivatives

(Yocum et al., 1979). Synergy with penicillin
derivatives may be conferred through enhancement
their binding to the target site or through inhibition
of the â-lactamase which is the most plausible
mechanism (He et al., 2016). Accordingly, it is clear
that the story with aminoglycosides is different and
this difference may have imparted in the creation of
the discrepancy in the results of the present study.
Overall, in this occasion, it is suggested that silibinin
may antagonize gentamicin through different
pathways including inhibition of its permeation into
the intracellular compartment, triggering efflux of
gentamicin outside the cell, enhancement of
gentamicin modification or induction of gentamicin
binding to its target site of the ribosome via
competitive or non-competitive binding. This
requires further molecular studies to confirm the
exact mechanism through which the antagonism
was conferred. One study has suggested the effect
of silibinin on the bacterial cell wall, which can be
attributed to its lipophilicity that triggers its
accumulation in the lipid bilayer (Radhika et al.,
2017). Its accumulation in the membrane might
interfere with the permeation of gentamicin into the
cell and augmented the resistance. Phytochemicals
are pluripotential molecules with different
intracellular functions (Upadhyay and Dixit, 2015).
It is plausible also that silibinin might have
enhanced efflux of gentamicin outside the cell
through augmentation of the multidrug resistance
mechanism.

CONCLUSION

The present study suggests that caution should be
exercised while taking different phytochemicals
with antibiotics as their combination does not
always lead to a synergistic effect. Antagonism is
expected as antibiotic resistance is developed by
different mechanisms for different antibiotics and in
different bacteria.
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