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Mycobacterium tuberculosis
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@ STOP TB
WL rganization
STRATEGY
COMPONENTS OF THE STOP TB STRATEGY

PURSUE HIGH-QUALITY DOTS EXPANSION AND ENHANCEMENT
Political commitment with increased and sustained financing

Case detection through quality-assured bactericlogy

Standardized treatment with supervision and patient support

An effective drug supply and management system

e. Monitoring and evaluation system, and impact measurement
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ADDRESS TB/HIV, MDR-TB AND OTHER CHALLENGES

anop

- Implement collaborative TB/HIV activities
- Prevent and control multidrug-resistant TB
. Address prisoners, refugees and other high-risk groups and special situations
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CONTRIBUTE TO HEALTH SYSTEM STRENGTHENING

. Actively participate in efforts to improve system-wide policy, human resources, financing,
management, service delivery, and information systems

. Share innovations that strengthen systems, including the Practical Approach to Lung Health (PAL)

. Adapt innovations from other ficlds
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ENGAGE ALL CARE PROVIDERS
. Public-Public, and Public-Private Mix (PPM) approaches
. International Standards for TB Care (ISTC)
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EMPOWER PEOPLE WITH TB, AND COMMUNITIES

. Adwvocacy, communication and social mobilization
- Community participation in TB care
- Patients’ Charter for Tuberculosis Care

ENABLE AND PROMOTE RESEARCH
- Programme-based operational research
- Research to develop new diagnostics, drugs and vaccines
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Multi-Drug Resistant M. tuberculosis )

New approaches - Phenothiazines )

Purpose of the study )

\In vitro, ex vivo and in vivo studies )

Macrophage model )
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Develop new anti-TB drugs effective against intra

Phenothiazines

Amaral et al;
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Thioridazine (TZ)

Chlorpromazine (CPZ)
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The antimycobacterial activity of thioridazine deri vatives
against drug resistant Mycobacterium tuberculosis

In vitro , ex vivo and In vivo studies
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Table. Clinical isolates of M. juberculosis assaved for response to chlorpromazine or
thiondazine
Mumber of isolates {range of “MIC" (mg/Ly

ol each phenothiazing)
Resistance 1o chlorpromazine thiornidazine
INH & PZA 3 (B-32) 2 (B-32)
INH & RIF 3 (8-32) 0
INH & 5M 2 {4-32) i
INH, RIF & EMB 0 2 (16-32)
INH, RIF & PZA I (32) | {16)
INH, RIF & SM 0 1(16)
INH, RIF, EMB & SM I (16) 1 (16)
INH, RIF, EMB, SM & FZA 10 (8-32) % (8-32)

INH, Isoniazid; PZA, pyrazinamid; RIF, nfampicin; 5M, streptomycin; EMB, ethambutol.
‘Lowest concentration (mg/L) of chlorpromazine or thioridazine that totally inhibited
generation of "“CO,.

Amaral L et al..Journal of Antimicrobial Chemotherapy (1996) 38, 1049-1053
L Amaral, Nov 2010
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Figure 1. The mean effecis of chlorpromazine () and thioridazine () on the generation of “C0: by 20
and 13 strains of M. tuberculosis. respectively. Standard deviations are depicted as bars.
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7~ KILLING ACTIVITY OF HUMAN MACROPHAGES

MEDICINA
TROPICAL

1,0E+07
A
A = =
% ° s ATCC
-
i 1,0E+06
O . - TB
A MDRTB
y
1,0E+05 X -
0 1 2 3 4

Days post-infection

Ordway D, Viveiros M, Leandro C, Bettencourt R, Almeida J, Martins M, Kristiansen JE, Molnar J, Amaral L.. Clinical concentrations of thioridazine
kill intracellular multidrug-resistant Mycobacterium tuberculosis. Antimicrob Agents Chemother. 2003;47:917-22.
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ENHANCED KILLING BY CPZ AND TZ
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kill intracellular multidrug-resistant Mycobacterium tuberculosis. Antimicrob Agents Chemother. 2003;47:917-22.
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TZ derivatives
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In Vitro Growth inhibition of Mycobacterium tuberculosis by
Thioridazine derivatives.

MEDICINA Compounds MIC (mg/L).

TROPICAL

Thioridazine 25
Isoniazid 0.08

#1550 >20
#1686 20
#1687 20
#1532 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 L Amaral, Nov 2010
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ENHANCED KILLING OF MYCOBACTERIUM tuberculosis
by 0.1 mg/L of DERIVATIVES OF THIORIDAZINE.
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Martins M, Schelz Z, Martins A, Molnar J, Hajos G, Riedl Z, Viveiros M, Yalcin I, Aki-Sener E, Amaral L.. In vitro and ex vivo
activity of thioridazine derivatives against Mycobacterium tuberculosis. Int J Antimicrob Agents. 2007;;29:338-40.
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INTRACELLULAR ACTIVITY OF
OTHER NON-PHENOTHIAZINES
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Martins M, Viveiros M, Ramos J, Couto I, Molnar J, Boeree M, Amaral L. SILA 421, an inhibitor of efflux pumps of cancer cells, enhances
the killing of intracellular extensively drug-resistant tuberculosis (XDR-TB). Int J Antimicrob Agents. 2009;33:479-82
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. Infection studies with M. tuberculosis
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‘Results - In vivo study 2007.
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In Vivo Study 2010.
Confirmation of effect of Thioridazine

H37Rv infection
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Treatment after 60 days post infection 32 and 70 mg  /Kg/day;
Black bars @ end of 30 days; White bars @ end of 60  days.

van Soolingen D, Hernandez-Pando R, Orozco H, Aguilar D, Magis-Escurra C, Amaral L, van Ingen J, Boeree MJ
PLoS One 2010; e 12640.



Thioridazine in combination with INH, Rifampin and PZA.

M HRZ T32 OOHRZ ac

EIB o
S5 77 T 1)
3 g |
W
w >
:4_ . S
3 | f =1
D2 e r—*Tn
"’-’“T m -
D L Ll 1
15 30 50
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Figure 3. Effect of combined treatment with standard anti-
tuberculosis treatment and thioridazine on lung bacillary load
in mice infected with M. tubercu/osis H37Rv. Animals were treated
from day 60 with conventional chemotherapy alone (isoniazid [H],
rifampicin [R] and pyrazinamide [Z], gray bars), or in combination with
thioridazine 32 mg daily (black bars). In comparison with untreated
control mice (white bars), both treatments produced significant
reduction of bacdilli loads after 30 and 60 days of treatment, being
higher and faster in the combined treatment group. Data are expressed
as means *= 50, 8 mice per time point, asterisks represent statistical
significance (p<-0.05). T32 HERZ, first line anti-tuberculosis treatment
with adjunctive thioridazine 32 ma/kg; HRZ, first line treatment only; C,
controls.

doi1 0.1371/journal.pone.001 2640.9003



H37Rv H37Rv

Control Infection
infection Plus
Thioridazine

(B) In contrast, less
4\_ pneumonia (arrow)
is seen in the lung of
Mice treated with

(A) Extensive lung
consolidation
(arrows) is visible in &§2aEa S
control animals after =z o5

120 days of Thioridazine 32 mg/kg
mfecfu_on by drug- g % daily by intragastric cannula.
sensitive control s St
Strain H37Rv. o ?ﬁ% 7
MDR
MDR :
Infection
Control Plus
Infection .
(©) Control Thioridazine

In comparison, less lung
consolidation (arrow) is
seen in the lung of mice
infected by the MDR-TB
strain and treated daily
during two months with 70
mg/kg of thioridazine

mice after 120
days of infection
with MDR strain
show extensive
pneumonic
areas (arrow)



Thioridazine cures XDR TB

Abbate E et. al. 2007; Tuberculosis
extensamente resistente (XDR TB) en
Argentina: aspectos descatables,
epidemiologicos, bacteriologicos,
terapeuticos y evolutivos. Revista
Argentina de Medicina Respiratoria.
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MECHANISM OF ACTION



Results — Ex vivo studies with the other Ca 2_
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OTHER MECHANISMS OF
ACTION

Thioridazine kills dormant M.tb!
Sohaskey CD. Nitrate enhances the survival of Mtb

during inhibition of respiration. J Bacteriol 2008;190:2986.
and

Inhibits the expression of essential
genes!

Dutta NK, Mehra S, Kaushal D. A Mycobacterium
tuberculosis sigma factor network responds to cell-
envelope damage by the promising anti-mycobacterial
thioridazine. PLoS One. 2010 Apr 8;5(4):e10069.



CONCLUSIONS

Thioridazine cures MDR/XDR TB!

However, patients must be monitored for cardiac
functions prior to and periodically during therapy.
Thioridazine in some patients prolongs the QT
Interval.

Nevertheless, it may be used on the basis of
compassionate grounds (prognosis IS poor).

Global clinical trials planned for 2011.
INTERESTED?



