
Abstract. Previous studies suggested that the phenothiazine
chlorpromazine (CPZ) could reverse or reduce the antibiotic
resistance of bacteria. In some areas of the world, the majority
of Staphylococcus aureus isolates are now resistant to
methicillin, prompting this study to see whether such resistance
can be altered by phenothiazine thioridazine (TZ), an agent
with equal antibacterial activity, which is free of the severe side-
effects associated with chronic administration of CPZ. The
results indicated that, whereas methicillin-sensitive strains of
Staphylococcus aureus (MSSA) were not rendered more
susceptible to oxacillin, resistance to oxacillin by highly-
resistant strains (MRSA) could be significantly reduced by sub-
inhibitory concentrations of TZ. Reserpine, an inhibitor of
efflux pumps, was also shown to reduce the resistance of
MRSA strains to oxacillin in a concentration-dependent
manner. The phenothiazines have been shown, by others, to
inhibit the efflux pumps of bacteria and the mechanism by
which MRSA are rendered more susceptible to oxacillin in the
presence of TZ is believed to be due to a similar efflux pump. 

Methicillin resistance of Staphylococcus aureus is now
commonplace throughout the world (1). In Portugal, the
majority of clinical isolates of S. aureus are of a methicillin-
resistant (MRSA) type (2). Although MRSA are not
frequently isolated from young Portuguese males and
females (2), this frequency is expected to increase in the
general population. Infections caused by MRSA strains are
becoming more difficult to manage since resistance to the
fluoroquinolones is also quite common (3, 4). Resistance to
the toxic antibiotic vancomycin has also been reported (5).

Bacterial resistance to antibiotics is commonly accepted
to be due to mutations of genes encoding for the targets of
a given antibiotic (6), as well as by the acquisition of
plasmids that carry genes for targets that are immune to the
antibiotic (7). During recent decades, the resistance of
bacteria to antibiotics has been shown to involve
mechanisms that are distinct from those above. Thus, the
transitional presence of outer membrane proteins such as
porins (8) and other proteins affects the penetration of
antibiotics into the bacterium, thereby obviating any
potential activity of the antibiotic on genetically intact
targets beyond the plasma membrane (9, 10). More
recently, the resistance of bacteria to given antibiotics has
been shown, in many cases, to be due to the presence of
plasma membrane energy-dependent units that pump out
antibiotics that penetrate the bacterial cell envelope and
eventually reach the medial side of the plasma membrane
(11, 12). These units are collectively known as efflux pumps
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and their activity has been shown to be present in all
bacteria that have been studied to date (13, 14). 

The phenothiazines have been shown to have a wide
gamut of in vitro antibacterial activity (15-17). These
compounds have also been shown to enhance the activity of
antibiotics against susceptible bacteria (18-22), to cause the
elimination of plasmids that bestow antibiotic resistance on
bacteria (23-25) and to render antibiotic-resistant cells
susceptible to given antibiotics (26-28). The phenothiazines
have also been shown to inhibit efflux pumps in general
(29), and bacterial efflux pumps specifically (30, 31). 

The in vitro activity of the phenothiazines has always been
shown to take place at concentrations which are far greater
than those that can be achieved in a patient (32).

Moreover, the phenothiazine that has been studied most
frequently is chlorpromazine (CPZ), a compound that, when
chronically administered, produces severe side-effects (33,
34). It is not, therefore, surprising that little consideration has
been given to the use of CPZ as an antibacterial agent.
However, thioridazine (TZ) has been shown to equal CPZ
with respect to all of its antibacterial properties (35) and has
been shown to have activity against phagocytosed bacteria
when its concentration in the medium is equal to or below
the plasma concentration of a patient being managed with
this compound (32, 36-38). Because TZ is relatively
innocuous when administered for periods representative of
those employed for the management of a bacterial infection,
the objections to its use as an antibacterial agent are no
longer considered valid, especially in areas of the world where
antibiotic-resistant infections are prevalent. Nevertheless,
prior to further consideration of TZ as an antibacterial agent,
it would be useful to compare its effectiveness to that of the
toxic CPZ. Here, the ability of TZ to reduce the resistance of
MRSA to oxacillin was investigated.

Materials and Methods

Materials. Chlorpromazine (CPZ), thioridazine (TZ), oxacillin,
reserpine and verapamil were purchased from Sigma Aldrich
Química SA. (Madrid, Spain). Trypticase soy broth (TSB) and
Trypticase soy agar (TSA) were purchased from Difco (Detroit,
MI, USA). All solutions of the phenothiazines were prepared in
distilled, sterile water on the day of the experiment.

Bacterial strains. The Staphylococcus aureus strain ATCC25923 was
employed to serve as the absolute control while three clinical
strains susceptible to oxacillin (MSSA) and five clinical strains
resistant to oxacillin (MRSA) were used in the experiments. For
each experiment, individual colonies of each strain were obtained
from TSA plates, transferred to 10 ml of TSB and, prior to the day
of any given experiment, incubated at 37ÆC until they reached their
stationary phase (8 hours). 

Determination of minimum inhibitory concentrations (MICs) and
minimum bactericidal concentrations (MBCs). The individual MICs

of oxacillin, CPZ, TZ and reserpine were performed in TSB by the
broth dilution method, as previously described (39). The MBCs of
CPZ and TZ were determined by extending the MIC concentration
curves well beyond each MIC and 10-Ìl aliquots of the 10-ml
cultures at zero time and those after 18 hours which showed no
evidence of growth were subjected to colony forming unit (CFU)
counts (40). The MIC and MBC determinations were repeated
three times and the values obtained did not differ. 

Modulation of oxacillin activity by CPZ, TZ, reserpine and verapamil
against MSSA and MRSA strains. The possible alteration of the
susceptibilities of the MSSA and MRSA strains to oxacillin by CPZ,
TZ, reserpine and verapamil were examined, as described in the
appropriate legends of the tables in the text. Appropriate microliter
volumes containing freshly-prepared compounds were added to
tubes containing 10 ml of TSB to yield specific final concentrations.
To each tube, an inoculum of approximately 1x105 cells/ml of
medium was added, followed by incubation at 37ÆC for 18 hours.
The results of the incubation were recorded as either an "MIC" for
a given combination (no evidence of growth) or, when required,
decrease of the optical density or the CFU method was employed.

Results

The separate MICs and MBCs of oxacillin, and the general
inhibitors of the efflux pumps CPZ, TZ, reserpine and
verapamil against the MSSA and MRSA strains are
summarized in Table I. Briefly, a concentration of reserpine as
high as 400 mg/L or verapamil as high as 1000 mg/L did not
affect the growth of the five MRSA clinical strains. Unlike
oxacillin, both CPZ and TZ killed the MRSA clinical strains
but only at concentrations of 60 to 80 mg/L. These
concentrations are obviously far higher than those anticipated
to exist in the plasma of TZ-treated patients namely, ca. 0.1-
0.3 mg/L. The CPZ and TZ concentrations required for killing
were significantly higher than those representing the individual
MICs for each of the strains studied. The MBCs of CPZ and
TZ were not significantly different. Reserpine and verapamil,
both well known to inhibit efflux pumps of bacteria, did not
alter the growth of the MRSA strains at concentrations as high
as 400 and 1000 mg/L. The susceptibilities of the MRSA strains
to oxacillin, in the presence of varying concentrations of CPZ
and TZ, are summarized by Table II. Briefly, the susceptibility
of the MSSA strains to oxacillin, including that of the ATCC
strain, were not altered by the presence of either CPZ or TZ at
25% or 50% their respective MIC (data not shown). In
contrast to these findings, the presence of CPZ or TZ only at
50% of their MIC significantly reduced the resistance of all
MRSA strains. This reduction of resistance was most
pronounced in MRSA strain 4. The resistance of this strain
could not be reduced any further by the presence of TZ at
50% of the MIC, and it remained well beyond the minimal
level associated with clinical resistance (i.e., ca. 0.8 mg/L).
MRSA strains 4 and 5 were also resistant to fluoroquinolone
and, because such resistance may be due to the presence of an
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efflux pump that is associated with multidrug resistance (41),
the effect of reserpine on the resistance of these two strains to
oxacillin was evaluated. Similarly, verapamil, a known inhibitor
of some efflux pumps (42), was also examined for any effect
on the resistance of these two strains to oxacillin. As shown in
Table III, a concentration of reserpine of 50 mg/L, that was well
below its MIC (>1000 mg/L), significantly reduced the number
of CFUs at concentrations of oxacillin of 200 and 100 mg/L,
as compared to those present in the cultures containing 
400 mg/L of oxacillin and no reserpine. Increasing the
concentration range of reserpine from 50 to 400 mg/L
reduced the MIC of oxacillin against MRSA 4 and MRSA 5
to below 1.0 mg/L. At the highest concentration of reserpine,
a concentration of oxacillin of 1 mg/L resulted in no CFUs. It
is important to note that, if this concentration of oxacillin
were to be bacteriostatic, the number of CFUs would be at
least equal to those initially cultured (ca. 105 /ml of medium).
The presence of verapamil at concentrations as high as 
1000 mg/L did not affect the number of CFUs of the MRSA
cultures containing any concentration of oxacillin (data not
shown). Neither reserpine or verapamil enhanced the activity
of oxacillin against the MSSA strains (data not shown). Table
IV presents the average effects of reserpine on the MIC of
oxacillin against the five MRSA strains. The use of CCCP, an
uncoupler of the electron motive force, at a concentration
that was well below its MIC, reduced the average resistance
of the five MRSA strains to increasing concentrations of
oxacillin, as shown in Table V. 

Discussion

This study indicated that a sub-inhibitory concentration of
thioridazine altered the susceptibility of methicillin-resistant
Staphylococcus aureus to oxacillin, whereas it had no effect
on the susceptibility of methicillin-sensitive strains to this
antibiotic. With respect to the two fluoroquinolone-resistant
strains, phenothiazine was able to markedly reduce the
resistance to oxacillin. Reserpine, in a concentration-

dependent manner, was also able to reduce the resistance
of MRSA strains. The maximum reduction of resistance to
oxacillin took place at relatively high concentrations of
reserpine, although these concentrations alone had no effect
on the replication of the bacteria. The lowest concentration
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Table I. The MICs and MBCs of oxacillin, chlorpromazine, thioridazine, reserpine, verapamil and CCCP against MRSA strains. 

OXA CPZ TZ RES VER CCCP

Strains MIC MBC MIC MBC MIC MIC MIC MIC

MRSA 1 >800 >800 40 80 20 >400 >1000 2.0
MRSA 2 >800 >800 40 70 20 >400 >1000 2.0
MRSA 3 >800 >800 40 80 30 >400 >1000 2.0
MRSA 4 >800 >800 60 80 30 >400 >1000 1.0
MRSA 5 >800 >800 60 80 30 >400 >1000 2.0

OXA (oxacillin), CPZ (chlorpromazine), TZ (thioridazine), RES (reserpine), VER (verapamil). Concentrations of all compounds are in mg/L. MIC
was defined when the optical density at 545 mn of the culture was equal to that of a TSB control containing the compound at each relative
concentration of the range employed. MBC was defined as the minimum concentration of the agent that was bactericidal. 

Table II. The effects of CPZ and TZ on the susceptibility of MRSA strains
to oxacillin.

Oxacillin MIC (mg/L)

Strains orig. MIC CPZ at 25% CPZ at 50% TZ at 25% TZ at 50%

MRSA 1 >800 NC 100 NC 100
MRSA 2 >800 NC 100 NC 100
MRSA 3 >800 NC 100 NC 100
MRSA 4 >800 NC 20 NC 10
MRSA 5 >800 NC 100 NC 100

Values are in mg/L. CPZ and TZ at 50% and 25% of their respective
MIC for each strain. Lowest concentration of oxacillin that, in
combination with CPZ or TZ at either 25% or 50% of their respective
MICs, yielded no growth. NC means no change in the MIC of oxacillin.
orig. MIC (original oxacillin MIC of strain).

Table III. The effects of reserpine on the susceptibility of MRSA strains
to oxacillin.

CFU counts

Oxa Cont. Reserpine at 50 mg/L + Oxacillin at (mg/L)

Strains 200 200 100 50 25 10
MRSA 4 >1x109 7x105 3x107 1x109 1x109 1x109

MRSA 5 >1x109 5x107 1x109 1x109 1x109 1x109

CFU (colony forming units) per ml of 16-hour cultures. Control cultures
(no drugs present) yielded about 109 CFUs per ml of a 16-hour culture.
Oxa Cont. (oxacillin at 200 mg/L and no reserpine). Higher
concentrations of oxacillin alone yielded a similar number of CFUs as
did the controls (no oxacillin and no reserpine) (data not shown).



of oxacillin that was effective when combined with 400 mg/L
of reserpine was 1 mg/L. Because this combination yielded
no CFUs, the activity of oxacillin may, in these cultures, be
considered to be bactericidal. Unlike reserpine, verapamil,
also an inhibitor of efflux pumps in general, did not alter
the susceptibility of the MRSA strains to oxacillin,
regardless of its concentration in the medium. Neither
reserpine or verapamil enhanced the activity of oxacillin
against MSSA strains. 

Methicillin (or oxacillin) resistance has been shown to be
due to a variant of penicillin-binding protein 2 (PBP2),
which has been named PBP2a (43). PBPs are an integral
part of the bacterial plasma membrane and exist at levels
that are relatively consistent (44-46). Although the number
of efflux pump units per bacterial cell is not yet known, it
would be expected that the number of such units would be
far lower than those for PBPs (ca. 2000 per bacterial cell).
Given these considerations, one would normally assume
that, regardless of whether an efflux pump were to be active
for pumping out oxacillin, the activity of oxacillin against
MSSA would be assured inasmuch as accessibility to the
greater number of PBPs present in the plasma membrane
would be practically assured. Therefore, it was not
surprising that inhibitors of efflux pumps such as reserpine
or verapamil would have an effect on the sensitivity of
MSSA to oxacillin (data not shown). Furthermore, although
CPZ did enhance the activity of a beta lactam against
relatively insensitive Gram-negative bacteria (22), the
enhanced effect was due to an increase in the penetration
of the antibiotic through the cell envelope, thereby ensuring
ready access to the existing PBP, and was not due to the
inhibition of any efflux pump (22). This increased
penetration of the beta lactam antibiotic appeared to be due
to severe alterations of the outer cell wall proteins of the
Gram-negative bacterium (47). Due to the absence of an
outer cell membrane in Gram-positive bacteria such as 

S. aureus, the inability of TZ to enhance the activity of
oxacillin against MSSA would be expected as observed.  

The activity of efflux pump inhibitors on the susceptibility of
MRSA to oxacillin was not anticipated inasmuch as PBP 2a
should not have been affected regardless of the presence of
efflux pumps. The fact that reserpine did markedly reduce the
resistance of the MRSA strains to oxacillin from over 400 to 
1 mg/L, in a concentration-dependent manner, and that this
combination eliminated the presence of any CFUs in these
cultures, may be explained by assuming that the inhibition of
an efflux pump would allow the antibiotic to reach lethal targets
beyond the plasma membrane inasmuch as the antibiotic at any
of the concentrations tested was, at best, bacteriostatic when
present alone in the culture. Nevertheless, the authors are
unaware of any targets of oxacillin other than the PBPs. 

The activity of TZ in combination with oxacillin against
MRSA was similar to that present with combinations of
reserpine. TZ appeared to be more active than reserpine,
since the concentration of TZ needed to bring about a
significant reduction of oxacillin resistance was 20 mg/L, as
opposed to 400 mg/L for reserpine. Given the fact that TZ
has a much lower molecular weight than reserpine (407 vs.
608), it is clear that TZ was far more effective than reserpine
in reducing the oxacillin resistance of MRSA. Whenever
studied, CPZ has been shown to inhibit efflux pumps (48),
and we conclude that TZ has a similar activity and it is this
activity which is responsible for the significant reduction in
resistance to oxacillin of MRSA strains. 
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Table IV. The effect of reserpine concentrations on the average sensitivity
of MRSA strains to oxacillin.

Reserpine (mg/L) Range of MIC of oxacillin

No reserpine >800
40 75-100
50 50-85

100 50-60
200 35-50
300 10-25
400 1-5

Each of the MRSA strains was assayed for the MIC of oxacillin in the
absence and presence of increasing concentrations of reserpine. The
MIC of oxacillin was defined as the concentration of oxacillin that
yielded an optical density of 0.00 at 545 nm. 

Table V. The effect of the uncoupler of the electron motive force CCCP
on the sensitivity of MRSA strains to oxacillin.

Culture + oxacillin Average of O.D. % Difference 
(mg/L) (545 nm) from control

Oxa @ 0 0.899 0
Oxa @ 1.5 0.597 –34
Oxa @ 3.0 0.394 –56
Oxa @ 6.0 0.310 –75
Oxa @ 12.0 0.227 –79
Oxa @ 25.0 0.189 –82
Oxa @ 50.0 0.150 –85
Oxa @ 75.0 0.085 –92
Oxa @ 100 0.010 –99

Each of the MRSA strains was cultured for 16 hours at 37ÆC in
medium containing 0.1 mg/L of CCCP and increasing concentrations
of oxacillin. The O.D. (optical density) at 545 nm was obtained for
each concentration of oxacillin for each of the MRSA strains and the
average O.D. determined. 



Scientific Committee of the Institute of Hygiene of Lisbon,
Portugal, for its support and advice. This work was supported by
Grant POCTI/FCB/ 37579/2001 from the Portuguese Fundação
para a Ciência e Tecnologia (FCT). M. Martins was supported by
grant SFRH/BD/14319/2003 (FCT, Portugal). 

References

1 Diekema DJ, Pfaller MA, Turnidge J, Verhoef J, Bell J, Fluit AC,
Doem GV and Jones RN: Genetic Relatedness of Multidrug-
resistant, Methicillin (oxacillin)-resistant Staphylococcus aureus
Bloodstream Isolates from SENTRY. Antimicrobial Resistance
Surveillance Centers Worldwide, 1998.

2 Sá-Leão R, Sanches IS, Couto I, Alves CR and de Lencastre H:
Low prevalence of methicillin-resistant strains among
Staphylococcus aureus colonizing young and healthy members of
the community in Portugal. Microb Drug Resist 7: 237-245, 2001.

3 Munoz Bellido JL, Gutierrez Zufiaurre MN, Sanchez
Hernandez FJ, Yague Guirao G, Segovia Hernandez M and
Garcia-Rodriguez JA: In vitro activity of linezolid, synercid and
telithromcin against genetically defined high level
fluoroquinolone-resistant methicillin-resistant Staphylococcus
aureus. Int J Antimicrob Agents 20: 61-64, 2002.

4 Schmitz FJ, Boos M, Mayer S, Jagusch H and Fluit AC:
Increased in vitro activity of the novel des-fluoro(6) quinolone
BMS-284756 against genetically defined clinical isolates of
Staphylococcus aureus. J Antimicrob Chemother 49: 283-287,
2002.

5 Grabs AJ and Lord RS: Treatment failure due to methicillin-
resistant Staphylococcus aureus (MRSA) with reduced
susceptibility to vancomycin. Med J Aust 176: 563, 2002.

6 Poole K: Mechanisms of bacterial biocide and antibiotic
resistance. J Appl Microbiol 92 Suppl: 55S-64S, 2002.

7 Ziebuhr W, Ohlsen K, Karch H, Korhonen T and Hacker J:
Evolution of bacterial pathogenesis. Cell Mol Life Sci 56: 719-
728, 1999.

8 Nguyen Van JC and Gutmann L: Resistance to antibiotics
caused by decrease of the permeability in Gram-negative
bacteria. Presse Med 23: 527-531, 1994.

9 Nikaido H: Bacterial resistance to antibiotics as a function of
outer membrane permeability. J Antimicrob Chemother 22
Suppl A: 17-22, 1988.

10 Cornaglia G, Mazzariol A and Fontana R: The astonishing
complexity of antibiotic resistance. Clin Microbiol Infect 6
Suppl 3: 93-94, 2000.

11 Viveiros M, Jesus A, Brito M, Leandro C, Martins M, Ordway
D, Molnar AM, Molnar J and Amaral L: Inducement and
reversal of tetracycline resistance in Escherichia coli K-12 and
expression of proton gradient-dependent multidrug efflux pump
genes. Antimicrob Agents Chemother 49: 3578-3582, 2005. 

12 Amaral L, Viveiros M and Molnar J: Antimicrobial activity of
phenothiazines. In Vivo 18: 725-731, 2004.

13 Levy SB: Active efflux, a common mechanism for biocide and
antibiotic resistance. J Appl Microbiol 92 Suppl: 65S-71S, 2002.

14 Van Bambeke F, Balzi E and Tulkens PM: Antibiotic efflux
pumps. Biochem Pharmacol 60: 457-470, 2000.

15 Amaral L, Viveiros M and Kristiansen JE: Phenothiazines:
potential alternatives for the management of antibiotic resistant
infections of tuberculosis and malaria in developing countries.
Trop Med Int Health 6: 1016-1022, 2001.

16 Amaral L, Kristiansen JE, Viveiros M and Atouguia J: Activity
of phenothiazines against antibiotic-resistant Mycobacterium
tuberculosis: a review supporting further studies that may
elucidate the potential use of thioridazine as anti-tuberculosis
therapy. J Antimicrob Chemother 47: 505-511, 2001.

17 Amaral L and Kristiansen JE: Phenothiazines: an alternative to
conventional therapy for the initial management of suspected
multidrug resistant tuberculosis. A call for studies. Int J
Antimicrob Agents 14: 173-176, 2000.

18 Viveiros M and Amaral L: Enhancement of antibiotic activity
against poly-drug resistant Mycobacterium tuberculosis by
phenothiazines. Int J Antimicrob Agents 17: 225-228, 2001.

19 Wainwright M, Phoenix DA, Laycock SL, Wareing DR and
Wright PA: Photobactericidal activity of phenothiazinium dyes
against methicillin-resistant strains of Staphylococcus aureus.
FEMS Microbiol Lett 160: 177-181, 1998.

20 Kristiansen JE and Amaral L: The potential management of
resistant infections with non-antibiotics. J Antimicrob
Chemother 40: 319-327, 1997.

21 Cohn RC and Rudzienski L: Substituted amines synergistic with
tobramycin against Burkholderia cepacia in vitro. Chemotherapy
43: 100-107, 1997.

22 Amaral L, Kristiansen J and Lorian V: Synergic effect of
chlorpromazine on the activity of some antibiotics. J
Antimicrob Chemother 30: 556-558, 1992.

23 Radhakrishnan V, Ganguly K, Ganguly M, Dastidar SG and
Chakrabarty AN: Potentiality of tricyclic compound
thioridazine as an effective antibacterial and antiplasmid agent.
Indian J Exp Biol 37: 671-675, 1999.

24 Evdokimova OV, Smirnov IV, Artem'eva NA and Rozhkova
EA: Effect of promethazine hydrochloride (pipolphen) on the
stability of R plasmid resistance in Escherichia coli. Antibiot
Khimioter 42: 8-11, 1997.

25 Molnar J, Mandi Y and Foldeak S: Drug-receptor interaction
on plasmid elimination by phenothiazines and imipramine in
Escherichia coli. Acta Microbiol Acad Sci Hung 29: 17-25,
1982.

26 Motohashi N, Kurihara T, Kawase M, Hever A, Tanaka M,
Szabo D, Nacsa J, Yamanaka W, Kerim A and Molnar J: Drug
resistance reversal, anti-mutagenicity and antiretroviral effect
of phthalimido- and chloroethyl-phenothiazines. Anticancer
Res 17: 3537-3543, 1997.

27 Oduola AM, Sowunmi A, Milhous WK, Brewer TG, Kyle DE,
Gerena L, Rossan RN, Salako LA and Schuster BG: In vitro
and in vivo reversal of chloroquine resistance in Plasmodium
falciparum with promethazine. Am J Trop Med Hyg 58: 625-
629, 1998.

28 Kristiansen JE, Amaral L and Thomsen VF: The reversal of
antibiotic resistance by phenothiazines. In: Abstracts of 18th
International Congress of Chemotherapy, Stockholm, Sweden.
Abstract 510: 65, 1993.

29 Nacsa J, Nagy L, Sharples D, Hever A, Szabo D, Ocsovszki I,
Varga A, Konig S and Molnar J: The inhibition of SOS-
responses and MDR by phenothiazine-metal complexes.
Anticancer Res 18: 3093-3098, 1998.

30 Molnar J, Hever A, Fakla I, Fischer J, Ocsovski I and
Aszalos A: Inhibition of the transport function of membrane
proteins by some substituted phenothiazines in E. coli and
multidrug resistant tumor cells. Anticancer Res 17: 481-486,
1997.

Kristiansen et al: Resistance of Methicillin-resistant S. aureus is Reduced by Thioridazine

365



31 Viveiros M, Portugal I, Bettencourt R, Victor TC, Jordaan AM,
Leandro C, Ordway D and Amaral L: Isoniazid-induced
transient high-level resistance in Mycobacterium tuberculosis.
Antimicrob Agents Chemother 46: 2804-2810, 2002.

32 Ordway D, Viveiros M, Leandro C, Arroz MJ and Amaral L:
Intracellular activity of clinical concentrations of phenothiazines
including thioridiazine against phagocytosed Staphylococcus
aureus. Int J Antimicrob Agents 20: 34-43, 2002.

33 Chitturi S and George J: Hepatotoxicity of commonly used
drugs: non steroidal anti-inflammatory drugs, antihypertensives,
antidiabetic agents, anticonvulsants, lipid-lowering agents,
psychotropic drugs. Semin Liver Dis 22: 169-183, 2002.

34 Moore DE: Drug-induced cutaneous photosensitivity: incidence,
mechanism, prevention and management. Drug Saf 25: 345-372,
2002.

35 Amaral L and Kristiansen JE: Phenothiazines: potential
management of Creutzfeldt-Jacob disease and its variants. Int
J Antimicrob Agents 18: 411-417, 2001.

36 Crowle AJ, Douvas GS and May MH: Chlorpromazine: a drug
potentially useful for treating mycobacterial infections.
Chemotherapy 38: 410-419, 1992.

37 Ordway D, Viveiros M, Leandro C and Amaral L:
Chlorpromazine has intracellular killing activity against
phagocytosed Staphylococcus aureus at clinical concentrations.
J Infect Chemother 8: 227-231, 2002.

38 Ordway D, Viveiros M, Leandro C, Bettencourt R, Almeida J,
Martins M, Kristiansen JE, Molnar J and Amaral L: Clinical
concentrations of thioridazine kill intracellular multidrug-
resistant Mycobacterium tuberculosis. Antimicrob Agents
Chemother 47(3): 917-922, 2003. 

39 Amaral L and Lorian V: Effects of chlorpromazine on the cell
envelope proteins of Escherichia coli. Antimicrob Agents
Chemother 35: 1923-1924, 1991.

40 Lorian V: Phagocytosis of staphylococci after exposure to
antibiotics, mass versus colony-forming units. J Antimicrob
Chemother 16: 130-132, 1985.

41 Tanaka M, Wang T, Onodera Y, Uchida Y and Sato K:
Mechanism of quinolone resistance in Staphylococcus aureus. J
Infect Chemother 6: 131-139, 2000.

42 Hendrikse NH: Monitoring interactions at ATP-dependent
drug efflux pumps. Curr Pharm Des 6: 1653-1668, 2000.

43 de Jonge BL, Chang YS, Gage D and Tomasz A: Peptidoglycan
composition of a highly methicillin-resistant Staphylococcus
aureus strain. The role of penicillin binding protein 2A. J Biol
Chem 267: 11248-11254, 1992.

44 Wientjes FB, Olijhoek TJ, Schwarz U and Nanninga N:
Labeling pattern of major penicillin-binding proteins of
Escherichia coli during the division cycle. J Bacteriol 153: 1287-
1293, 1983.

45 Amaral L, Schwarz U and Lorian V: Penicillin-binding proteins
of filaments of Escherichia coli induced by low concentrations
of nalidixic acid, oxolinic acid, novobiocin or nitrofurantoin.
Drugs Exp Clin Res 12: 653-656, 1986.

46 Amaral L, Lee Y, Schwarz U and Lorian V: Penicillin-binding
site on the Escherichia coli cell envelope. J Bacteriol 167: 492-
495, 1986.

47 Amaral L, Kristiansen JE, Frolund Thomsen V and Markovich
B: The effects of chlorpromazine on the outer cell wall of
Salmonella typhimurium in ensuring resistance to the drug. Int J
Antimicrob Agents 14: 225-229, 2000.

48 Grácio MA, Grácio ADS, Viveiros M and Amaral L: Since
phenothiazines alter antibiotic susceptibility of microorganisms
by inhibiting efflux pumps, are these agents useful for
evaluating similar pumps in phenothiazine-sensitive parasites?
Int J Antimicrob Agents 22: 347-351, 2003.

Received December 8, 2005
Revised February 22, 2006

Accepted February 28, 2006

in vivo 20: 361-366 (2006)

366



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


