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SUMMARY
We have previously shown that the phenothiazine, thioridazine, acts in synergy with the beta-lactam
antibiotic, dicloxacillin, to kill methicillin-resistant Staphylococcus aureus. In this study, we investigated whether synergy by combining these two drugs could also be observed in vancomycin intermediate
susceptible S. aureus (VISA) and methicillin-resistant Staphylococcus epidermidis (MRSE). Synergy was
observed in three of four tested VISA strains, suggesting that the thickening of cell wall does not interfere
with the effects of thioridazine. In S. epidermidis, no synergy was observed in all tested strains, suggesting
that synergy by combining thioridazine and dicloxacillin is isolated to S. aureus species.
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SHORT COMMUNICATION
Staphylococci are the causative agents of a wide range of
nosocomial and community-acquired infections (Lowy,
1998). The emergence of antibiotic-resistant types, such
as methicillin-resistant S. aureus (MRSA), methicillinresistant S. epidermidis (MRSE), and vancomycinintermediate resistant S. aureus (VISA) represents an
increasing global challenge to health care, due to the
limitation of effective drugs for treatment (Boyce et al.,
2005; Fischbach and Walsh, 2009; Grundmann et al., 2006;
Howden et al., 2010).
We have previously shown that the phenothiazine,
thioridazine, acts in synergy with the beta-lactam
antibiotic, dicloxacillin, to kill MRSA as well as methicillinsensitive S. aureus (MSSA) (Klitgaard et al., 2008; Poulsen
et al., 2013). To increase our knowledge on the potential
of the drug combination, we examined the synergistic
effect of combining thioridazine and dicloxacillin in four
VISA strains by performing viability assays as described
previously (Poulsen et al., 2013). Furthermore, eight
clinical MRSE isolates and one MSSE isolate (all from
the Odense University Hospital, Denmark) were examined
using viability assays or an oCelloScope (Fredborg et al.,
2013) (Philips BioCell A/S, Denmark). The oCelloScope
monitors bacterial growth in a microtiter plate by a light
microscope and provides an easy means of performing
a large screening assay over a specified time period.
The used concentrations are sub-inhibitory in growth
experiments performed in liquid culture with normal
shaking at 37 degrees Celsius for both the viability assay
(Brain Heart Infusion media, Oxoid) and the analyses
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performed by the oCelloScope (Müeller Hinton media,
Merck Chemicals) and thus only moderately affect the
growth of the bacteria. Synergy was defined according
to the fractional inhibitory concentration index (FICI)
where FICI<0.5 showed synergy, 0.5<FICI<4 showed
indifference, and FICI>4 showed antagonism (Odds,
2003). FIC index is calculated as FICI = FICA + FICB =
(CA/MICA) + (CB/MICB), where MICA and MICB are the
MICs of drugs A and B alone, respectively, and CA and
CB are the concentrations of the drugs in combination,
respectively. All experiments were repeated at least twice
with a variability of less than 5%.
A previous study on S. aureus showed that the individual
isolates responded differently to the combined treatment
(1.5-5.5 log10 units difference between dicloxacillin and
drug combination) (Poulsen et al., 2013). Importantly, all
isolates showed an increased sensitivity to dicloxacillin
in the presence of thioridazine compared to either drug
alone. In that study 14 out of 20 MRSA isolates and
three out of four MSSA isolates showed a synergistic
effect accordingly to the definition set for synergy. When
testing four VISA strains in the present study, the drug
combination displayed synergy in three strains and
indifference in a fourth strain, the hVISA (ATCC 700-698
also known as Mu3) (Table 1). The finding that the majority
of the VISA strains displayed synergy for the combined
treatment supports the findings from the study on MSSA
and MRSA where 71% (17/24) of the strains displayed
synergy as well (Poulsen et al., 2013).
VISA and hVISA strains are characterized by common
biochemical and morphological changes, with cell wall
thickening being a consistent feature of both clinical
and laboratory-induced isolates. The thickened cell wall
of VISA and hVISA results in an increased vancomycin
binding capacity of these strains, which is thought to
delay the access of vancomycin to its active site in the
cytoplasmic membrane of the bacterial division septum
(Cui et al., 2000). Recent studies on the resistance
mechanism of VISA strains suggest a predominance of

©2017 by EDIMES - Edizioni Internazionali Srl. All rights reserved

147

Effect of thioridazine on MRSE and VISA strains

Table 1 - Strains used in the study and overview of MIC (mg/L) and FIC index.
Strain

MICDCX

MICTDZ

MICDCX combi

MICTDZ combi

FIC index

Synergya)

VISA
1458
3727
40638
ATCC700-698

2048
>2048
2048
2048

64
32
64
64

32
2048
32
1536

16
20
20
8

0.27
<1.31
0.33
0.88

S
Sb)
S
I

MRSE
7272
324308
334410
MRSE A
MRSE B
MRSE C
MRSE D
MRSE E

256
256
256
600
400
256
128
128

32
32
32
8
8
8
8
8

1.5
4
24
400
256
100
64
64

16
16
16
4
6
6
6
8

0.51
0.52
0.59
1.17
1.39
1.14
1.25
1.50

I
I
I
I
I
I
I
I

MSSE
MSSE F

2

8

1.5

4

1.25

I

DCX: dicloxacillin; TDZ: thioridazine; FIC: fractional inhibitory concentration.
a)
FIC index shows synergy (S) at values <0.5, indifference (I) at values >0.5 <4, and antagonism at values >4.
b)
The MICDCX of VISA strain 3727 was not technically feasible due to extreme high MIC. FIC index is calculated with a MICDCX of 2048 mg/L. The strain does however show
synergy when determining CFU/mL in viability assay.

amino acid substitutions within regulatory loci, such as the
cell wall related two-component system VraSR (Kato et al.,
2010). It has been shown that thioridazine induces vraSR
and target genes of VraSR indicating a cell wall damaging
effect of thioridazine, supporting that thioridazine
treatment can be efficient against VISA (Bonde et al.,
2011). Our study demonstrates that thioridazine increases
the susceptibility to dicloxacillin in VISA strains, despite
the fact that VISA strains generally have thickening of
the cell wall. In case of MSSE and MRSE, no synergy
was observed in this study. According to the applied
criteria, all strains showed indifference when treated with
dicloxacillin and thioridazine in combination (Table 1).
S. aureus and S. epidermidis differ slightly in the teichoic
acid content of the cell wall. S. aureus normally contains
a ribitol teichoic acid with N-acetylglucosamine residues,
whereas S. epidermidis contains a glycerol teichoic acid
with glucosyl residues (Parisi, 1985). The ionic charge
imparted by teichoic acids through modulation of divalent
cation binding to teichoic acids influences the stability and
folding of proteins in the cell wall (Neuhaus and Baddiley,
2003). In addition, S. epidermidis has the capability to
incorporate a large proportion of serine residues in the
cross-linking of the peptidoglycan layer whereas S. aureus
mainly incorporates glycine (Navarre and Schneewind,
1999; Schleifer and Kandler, 1972). In S. aureus, it is known
that glycine is involved in the synergistic mechanism as
glycine is depleted from the peptidoglycan in the presence
of thioridazine (Thorsing et al., 2013).
In conclusion, a synergistic effect by combining
thioridazine and dicloxacillin was observed in the
majority of VISA strains indicating that the thickened cell
wall of the VISA strains does not interfere with the effects
of thioridazine. The combination of thioridazine and
dicloxacillin did not affect the viability of S. epidermidis
and the effect of the combined treatment seems isolated
to the S. aureus species.
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