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THIORIDAZINE: EVIDENCE FROM IN VIVO, EX 
VIVO, IN VIVO (MOUSE AND HUMAN) 
SUPPORTING ITS USE FOR THERAPY OF 
MDR/XDR TB INFECTIONS.
TARGETTING THE HUMAN MACROPHAGE FOR ENHANCED 
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WHO; Weekly Epidemiol Record; 2008

Mycobacterium tuberculosis
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Multi-Drug Resistant M. tuberculosis

Macrophage model

In vitro, ex vivo and in vivo studies

Purpose of the study

New approaches - Phenothiazines
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• Wide gamut of in vitro antimicrobial activity.

Develop new anti-TB drugs effective against intrace llular MDR/XDR-TB.
Phenothiazines
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Chlorpromazine (CPZ)Thioridazine (TZ)



The antimycobacterial activity of thioridazine deri vatives 

against drug resistant Mycobacterium tuberculosis : 

in vitro , ex vivo and in vivo studies
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Amaral L et  al..Journal of Antimicrobial Chemotherapy (1996) 38, 1049-1053
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Infection studies in human macrophages
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KILLING ACTIVITY OF HUMAN MACROPHAGES 

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

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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Experimental 
outline
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Amaral L, Martins M and Viveiros M. (2007). Infect. Disord. Drug Targets 7(3):257. 

TZ
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TZ derivatives
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In Vitro Growth inhibition of Mycobacterium tuberculosis by 
Thioridazine derivatives.

Compounds MIC (mg/L).

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
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ENHANCED KILLING OF MYCOBACTERIUM tuberculosis
by 0.1 mg/L of DERIVATIVES OF THIORIDAZINE.  

Martins M, Schelz Z, Martins A, Molnar J, Hajös 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
0THER 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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Toxicity assays - TZ
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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

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.

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



Thioridazine in combination with INH, Rifampin and PZA.



H37Rv 
Control 
infection

H37Rv
Infection
Plus 
Thioridazine

MDR
Control
Infection

MDR 
Infection
Plus 
Thioridazine       

(A) Extensive lung
consolidation 
(arrows) is visible in 
control animals after 
120 days  of 
infection by drug-
sensitive control 
Strain H37Rv.

(B) In contrast, less 
pneumonia (arrow) 
is seen in the lung of 
Mice treated with 
Thioridazine  32 mg/kg

daily by intragastric cannula.

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

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



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.   







MECHANISM OF ACTION
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MRSA

Results – Ex vivo studies with the other Ca 2+/K+ pump inhibitors
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M. tuberculosis
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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?


