
A

M
d
a
a
©

K

1

v
r
[
p
e
d
i
i
i
M
p
s
t
[

0
d

International Journal of Antimicrobial Agents 29 (2007) 338–340

Short communication

In vitro and ex vivo activity of thioridazine derivatives against
Mycobacterium tuberculosis

Marta Martins a, Zsuzsanna Schelz b, Ana Martins a, Joseph Molnar b, Gyorgy Hajös c,
Zsuzsanna Riedl c, Miguel Viveiros a, Ismail Yalcin d, Esin Aki-Sener d, Leonard Amaral a,∗

a Unidade de Micobacterias, UPMM, Instituto de Higiene e Medicina Tropical, Universidade de Lisboa,
Rua da Junqueira 96, 1394-008 Lisbon, Portugal

b Department of Medical Microbiology, University of Szeged, 6720 Szeged, Dóm tér10, Hungary
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bstract

Thioridazine (TZ) has previously been shown by us to have in vitro and ex vivo activity against antibiotic-susceptible and multidrug-resistant
ycobacterium tuberculosis (MDRTB). Because current therapy of MDRTB is highly problematic even when all five ‘first line of defence’
rugs are employed, there is a need for effective antituberculosis drugs. New derivatives of TZ were synthesised and their in vitro activity
gainst a reference strain of M. tuberculosis was evaluated with the aid of the BACTEC 460 system. Derivatives that presented significant
ctivity were evaluated by ex vivo studies and were shown to enhance the killing of intracellular M. tuberculosis.

2006 Elsevier B.V. and the International Society of Chemotherapy. All rights reserved.
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. Introduction

Previous studies have shown that thioridazine (TZ) has in
itro activity against antibiotic-susceptible and multidrug-
esistant Mycobacterium tuberculosis (MDRTB) strains
1–3]. Recently, others have shown that derivatives of this
henothiazine are also active against this organism [4]. How-
ver, because M. tuberculosis is an intracellular infection,
emonstration of in vitro activity must be followed by stud-
es that evaluate the compound’s ability to kill the organism
n situ [5]. This principle was employed in the past and stud-
es demonstrated that TZ enhanced the killing of intracellular

. tuberculosis at a concentration below that present in the
lasma of a TZ-treated patient [1]. However, because the

ide effects of TZ range from very mild (somnia is common)
o the very severe (Torsade de Pointes, although very rare)
5–8], TZ has not been seriously considered as an alterna-
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ive for the therapy of MDRTB infections [9]. Use of TZ for
he management of an antibiotic-susceptible M. tuberculo-
is infection is not justified since the ‘first line of defence’
rugs are sufficiently effective. However, because therapy of
DRTB is highly problematic even with the use of four to

ve first-line drugs, there is a direct need for new compounds.
e have therefore used TZ as a lead compound for the syn-

hesis of derivatives that could be first screened for in vitro
ctivity against M. tuberculosis, after which those derivatives
hat have significant in vitro activity could be evaluated for
ctivity against intracellular M. tuberculosis.

. Material and methods

Mycobacterium tuberculosis H37Rv was grown in

ACTEC 460 medium until it reached maximum growth

ndex (GI). From this, an inoculum was obtained and trans-
erred to a fresh bottle of BACTEC 460 medium and the
urbidity was adjusted to a 0.5 McFarland scale [2]. Aliquots
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Table 1
Growth inhibition of Mycobacterium tuberculosis by thioridazine derivatives

Compounds MIC50 (mg/L)

Thioridazine 2.5
Isoniazid 0.08
#1550 >20
#1686 20
#1687 20
#1532-2 20
#1688 20
#1689 20
#1819 >20
#1820 >20
#1821 >20
#1867 5
#1868 20
#1869 >20
#1870 10
#1871 >20
#1872 20
#1873 >20
#1874 >20
#1875 5
#1929 >20

MIC50, minimum inhibitory concentration for 50% of the organisms.

Fig. 1. Killing of phagocytosed Mycobacterium tuberculosis by thioridazine
derivatives at 0.1 mg/L. Monocyte-derived macrophages obtained from the
peripheral blood of healthy donors were infected with M. tuberculosis (10
bacteria:1 macrophage) and incubated for 0, 1, 2 and 3 days. Following incu-
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f 0.1 mL were transferred to BACTEC 460 vials con-
aining concentrations of each TZ derivative ranging from
.0 mg/L to 100 mg/L. Parallel to these cultures and serv-
ng as additional controls for comparative purposes, aliquots
ere similarly transferred to BACTEC 460 medium contain-

ng varying concentrations of TZ ranging from 1.0 mg/L to
0 mg/L. An additional control containing 0.2 mg/L isoniazid
as conducted in parallel to establish that no change in the

usceptibility of the reference bacterium had taken place. In
ddition, an absolute control containing 1/100 of each culture
s required by the method for the determination of a mini-
um inhibitory concentration was conducted [2]. All cultures
ere maintained at 37 ◦C until the absolute control (no drug)

eached a GI of 999.
TZ derivatives were prepared by novel syntheses (to be

eported elsewhere). Owing to protection of intellectual prop-
rty, their structures are not presented.

TZ derivatives with in vitro activity against M. tubercu-
osis H37Rv were evaluated for toxicity using the Trypan
lue exclusion method as previously described. Exclusion
f the dye is a property of living cells, hence a substance
hat causes <10% of the cell population to stain blue during
3-day culture period is considered non-toxic at the cellular

evel [1,9]. In addition, their activity against phagocytosed
. tuberculosis was determined [1]. The methods employed

or isolation of monocytes from human whole blood, prepa-
ation of monocyte-derived macrophages and evaluation of
ompounds for activity against intracellular M. tuberculosis
ave been described in detail elsewhere [1] and will not be
escribed again.

. Results and discussion

The results obtained in this study show that all of the TZ
erivatives tested in the BACTEC 460 system have activity
gainst the M. tuberculosis reference strain H37Rv and a few
#1867, #1870 and #1875) have similar activity to that of
Z (Table 1). Evaluation of the active derivatives for poten-

ial toxicity showed that at concentrations equivalent to that
ssociated with toxicity for TZ [1,9], no significant toxic-
ty was detected (Trypan Blue exclusion by over 90% of
ymphocytes).

If a compound is to be useful as an antituberculosis agent
t must have activity against intracellular M. tuberculosis.
ecause our previous studies demonstrated that TZ at a clin-

cally relevant concentration of 0.1 mg/L enhanced the killing
f phagocytosed M. tuberculosis [1], derivatives that had
he greatest in vitro activity were selected for evaluation of
imilar killing activity. As shown in Fig. 1, all of the deriva-
ives at a concentration of 0.1 mg/L enhanced the killing of
ntracellular M. tuberculosis. Furthermore, in contrast to the

illing effect of TZ where it takes 3 days for TZ to kill all
f the phagocytosed M. tuberculosis (data not presented),
ompounds #1867, #1870 and #1875 killed all of the phago-
ytosed organisms within 1 day.

A

c

ation, cells were lysed and the released phagocytosed mycobacteria were
lated. After 3–4 weeks of incubation, colony-forming units were obtained
nd the bacterial concentration was determined.

The results obtained in this study demonstrate the ex vivo
otential of new non-toxic derivatives of TZ against M. tuber-
ulosis. Further evaluation of these new derivatives for in vivo
oxicity and effectiveness in rendering the M. tuberculosis-
nfected mouse free of this infection are absolutely necessary
efore these compounds can be seriously considered for the
herapy of a pulmonary tuberculosis infection.
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