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RememberingRemembering Who is Who is thethe problemproblem??RememberingRemembering......

• Tuberculosis (TB) is a preventable and curable infectious disease,

WhatWhat wewe needneed to do?to do?

transmitted through the air, the main etiologic agent is Mycobacterium
tuberculosis (MTB)1.

• In 2007 the mortality rate decreased to 1.3 million patients with TB and HIV-
negative and 456 000 deaths among co infected individuals2negative and 456,000 deaths among co-infected individuals2.

• MDR-TB, XDR-TB and TB / HIV make it impossible to attempt to control TB3.
• 1/3 of the population is infected with MTB in latency state.4.
• Rifampicin Discovery more than 40 years ago2• Rifampicin – Discovery more than 40 years ago2.

N d f t4

EnphasizeEnphasize

Need for a new agent4

•To Reduce the duration of treatment.
•To be active against resistant strains.
•Do not interfere with the retro-viral drugs.
•To be active against bacilli in latency state.

1Hunter, Pang et al., Kinetics and Ligand-Binding Preferences of MTB Thymidylate Synthases, ThyA and ThyX. Plos One, v. 3, n. 5, 2008.
2 Gandhi, Nunn et al., MDR and XDR tuberculosis: a threat to global control of TB. Lancet, v. 375, n. 9728, p. 1830-1843, May 2010.
3 Lalloo e Ambaram, New Antituberculous Drugs in Development. Current HIV/AIDS Reports, v. 7, n. 3, p. 143-151,  2010. 
4 Ma, Lienhardt et al., Global tuberculosis drug development pipeline: the need and the reality. Lancet, v. 375, n. 9731, p. 2100-2109, 2010
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AntiAnti--TBTB DrugsDrugs PipelinePipelineAntiAnti--TB TB DrugsDrugs PipelinePipeline

Pipeline to select new drugs against TB created at the “Hugo David” Pipeline to select new drugs against TB created at the “Hugo David” 
Laboratory, FCFAR/UNESP, Laboratory, FCFAR/UNESP, AraraquaraAraraquara, Brazil., Brazil.

Pavan et al., An Approach to research for new drugs against TB, TUBERCULOSIS, accept, 2011.



AntiAnti--TBTB DrugsDrugs PipelinePipelineAntiAnti--TB TB DrugsDrugs PipelinePipeline

T d t th 2 000To date more than 2,000
compounds were analyzed in the
stage of screening.

TARALLO, M.  et al. Design of novel iron compounds as potential therapeutic agents against tuberculosis. Journal of Inorganic Biochemistry, v. 
104, n. 11, p. 1164-1170, 2010. 



StartingStarting thethe PipelinePipelineStarting Starting thethe PipelinePipeline

SCREENINGSCREENING



ScreeningScreeningScreeningScreening

Determination of MIC against the MTB H37Rv in different environmental Determination of MIC against the MTB H37Rv in different environmental 

conditions (normal, pH 6.0, 4% ASB and 10% FBSconditions (normal, pH 6.0, 4% ASB and 10% FBS))



REMAREMA
Resazurin Microtiter Resazurin Microtiter AssayAssayScreeningScreening

55 66 77 88 99 1010 1111 121222 33 4411

ScreeningScreening

55 66 77 88 99 1010 1111 121222 33 4411
AA

BBdilutiondilution 50 50 g/mLg/mL

CC

DD

25 25 g/mLg/mL

12.5 12.5 g/mLg/mL

EE

FF

GG

6.25 6.25 g/mLg/mL

3.13 3.13 g/mLg/mL

1 561 56 / L/ LGG

HH

CompoundCompound ControlControlPositivePositive ControlControl

1.56 1.56 g/mLg/mL

0.78 0.78 g/mLg/mL

ReferenceReference DrugDrug
CompoundCompound ControlControlPositivePositive ControlControl

NegativeNegative ControlControl
PALOMINO, J. C.  et al. Resazurin microtiter assay plate: Simple and inexpensive method for detection of drug resistance in Mycobacterium 
tuberculosis. Antimicrobial Agents and Chemotherapy, v. 46, n. 8, p. 2720-2722, 2002. 
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Resazurin Microtiter Resazurin Microtiter AssayAssayScreeningScreening

O-

ScreeningScreening

ii
O

N+
O

OHO O

N

OHO
f if i

55 66 77 88 99 1010 1111 121222 33 4411
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PALOMINO, J. C.  et al. Resazurin microtiter assay plate: Simple and inexpensive method for detection of drug resistance in Mycobacterium 
tuberculosis. Antimicrobial Agents and Chemotherapy, v. 46, n. 8, p. 2720-2722, 2002. 



REMAREMA
Resazurin Microtiter Resazurin Microtiter AssayAssayScreeningScreening

MIC MIC –– 90% 90% InhibitionInhibition ofof

ScreeningScreening

55 66 77 88 99 1010 1111 121222 33 4411
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PALOMINO, J. C.  et al. Resazurin microtiter assay plate: Simple and inexpensive method for detection of drug resistance in Mycobacterium 
tuberculosis. Antimicrobial Agents and Chemotherapy, v. 46, n. 8, p. 2720-2722, 2002. 



REMAREMA
Resazurin Microtiter Resazurin Microtiter AssayAssay

ScreeningScreening MIC MIC –– 90% 90% InhibitionInhibition ofof
BacterialBacterial growthgrowth

ScreeningScreening

PALOMINO, J. C.  et al. Resazurin microtiter assay plate: Simple and inexpensive method for detection of drug resistance in Mycobacterium 
tuberculosis. Antimicrobial Agents and Chemotherapy, v. 46, n. 8, p. 2720-2722, 2002. 



REMAREMA
Resazurin Microtiter Resazurin Microtiter AssayAssayScreeningScreening

INTERPRETATIONINTERPRETATION

ScreeningScreening

FluorescenceFluorescence
530/590 nm530/590 nm VisualVisual

100 X    1 100 X    1 -- b/ab/a

MIC 90%MIC 90%MIC 90%MIC 90%

PALOMINO, J. C.  et al. Resazurin microtiter assay plate: Simple and inexpensive method for detection of drug resistance in Mycobacterium 
tuberculosis. Antimicrobial Agents and Chemotherapy, v. 46, n. 8, p. 2720-2722, 2002. 



ScreeningScreeningScreeningScreening

Determination of Determination of CytotoxicityCytotoxicity (IC50) front (IC50) front ofof VERO (normal VERO (normal cellscells); ); 

HepG2 (HepG2 (hepatichepatic cellscells) ) andand J774A.1 (J774A.1 (macrophagemacrophage cellscells))



CytotoxicityCytotoxicity (IC50)(IC50)ScreeningScreening
Cell CultureCell Culture

Cells are incubated at 35° C with 5% CO2

gg

Cell CultureCell Culture
Cells are incubated at 35 C with 5% CO2
in cell culture bottles in Eagle's medium
supplemented with 10% fetal bovine serum
and ATBs penicillin and amphotericin B.

15 days

A. Bottle used to cell culture B. J774A.1 macrophage cells observed 
under an inverted microscope.



CytotoxicityCytotoxicity (IC50)(IC50)ScreeningScreening
MethodologyMethodology

1x101x1055 cel/mLcel/mL

gg

55 66 77 88 99 1010 1111 121222 33 4411
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GG
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GG
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2424--4848 hshs
PAVAN, F.R.  et al. Thiosemicarbazones, semicarbazones, dithio-carbazates and hydrazide/hydrazones: anti-Mycobacterium tuberculosis
activity and cytotoxicity. European Journal of Medicinal Chemistry, v. 45, n. 11, p. 1898-1905, 2010. 



CytotoxicityCytotoxicity (IC50)(IC50)ScreeningScreening
MethodologyMethodology

gg

55 66 77 88 99 1010 1111 121222 33 4411
AA

BB

dilutiondilution

CC

DD

EE

FF

GGGG

HH

PositivePositive ControlControl NegativeNegative ControlControl

PAVAN, F.R.  et al. Thiosemicarbazones, semicarbazones, dithio-carbazates and hydrazide/hydrazones: anti-Mycobacterium tuberculosis
activity and cytotoxicity. European Journal of Medicinal Chemistry, v. 45, n. 11, p. 1898-1905, 2010. 



CytotoxicityCytotoxicity (IC50)(IC50)ScreeningScreening
MethodologyMethodology

gg

55 66 77 88 99 1010 1111 121222 33 4411
AA

BB

CC

DD

EE

FF

GGGG
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2424 hourshours
PAVAN, F.R.  et al. Thiosemicarbazones, semicarbazones, dithio-carbazates and hydrazide/hydrazones: anti-Mycobacterium tuberculosis
activity and cytotoxicity. European Journal of Medicinal Chemistry, v. 45, n. 11, p. 1898-1905, 2010. 



CytotoxicityCytotoxicity (IC50)(IC50)ScreeningScreening
MethodologyMethodology

gg

55 66 77 88 99 1010 1111 121222 33 4411
AA

BB500 500 g/mLg/mL

ControleControle

CC

DD

gg

250 250 g/mLg/mL

125 125 g/mLg/mL

EE

FF

GG

62.5 62.5 g/mLg/mL

31.3 31.3 g/mLg/mL

GG

HH

15.6 15.6 g/mLg/mL

7.8 7.8 g/mLg/mL

66 hourshours
PAVAN, F.R.  et al. Thiosemicarbazones, semicarbazones, dithio-carbazates and hydrazide/hydrazones: anti-Mycobacterium tuberculosis
activity and cytotoxicity. European Journal of Medicinal Chemistry, v. 45, n. 11, p. 1898-1905, 2010. 



CytotoxicityCytotoxicity (IC50)(IC50)ScreeningScreening

INTERPRETATIONINTERPRETATION

MethodologyMethodology
gg

FluorescenceFluorescence
530/590 nm530/590 nm VisualVisual

100 X b/a100 X b/a

ICIC5050ICIC5050

PAVAN, F.R.  et al. Thiosemicarbazones, semicarbazones, dithio-carbazates and hydrazide/hydrazones: anti-Mycobacterium tuberculosis
activity and cytotoxicity. European Journal of Medicinal Chemistry, v. 45, n. 11, p. 1898-1905, 2010. 



ScreeningScreeninggg

SELECTIVITY INDEX (SI)SELECTIVITY INDEX (SI) OUR EXPERIENCEOUR EXPERIENCE

IC50 2000 IC50

≥ 10 100 
ORG.

300 
INORG.

compounds

MIC

90 SI ≥ 10

RutheniumRuthenium
CompoundsCompounds



RutheniumRuthenium (II) (II) Screening Screening ResultsResults

phosphinephosphine//diiminesdiimines//picolinicpicolinic acidacid

Table

A tiA ti MTBMTB ti itti it (MIC)(MIC) t t i itt t i it (IC(IC5050 )) dd l ti itl ti it i di d (SI)(SI) ff thth th ith iAntiAnti--MTBMTB activityactivity (MIC),(MIC), cytotoxicitycytotoxicity (IC(IC5050 ),), andand selectivityselectivity indexindex (SI)(SI) ofof thethe rutheniumruthenium

complexescomplexes andand theirtheir freefree ligandsligands

IdentificationIdentification CompoundsCompounds MIC (µM)MIC (µM) IC50 (µM)IC50 (µM) SISI

SCAR01 [Ru(pic)(dppb)(bipy)]PF6 1,2 23.6 34.20

SCAR02 [Ru(pic)(dppb)(Me-bipy)]PF6 1,2 11.9 23.90

SCAR04 [Ru(pic)(dppb)(phen)]PF6 1,4 30.4 40.10

SCAR05 cis-[Ru(pic)(dppe)2]PF6 0,8 23.0 31.20

SCAR06 cis-[RuCl2(dppb)(bipy)] 1,6 3.35 15.20

SCAR07 Ru(pic)(dppe)(phen) 2 1 104 20 10SCAR07 Ru(pic)(dppe)(phen) 2,1 104 20.10

PAVAN, F.R.  et al. Ruthenium (II) phosphin e/diimine/picolinate complexes: Inorganic compound s as agents against tuberculosis.
European Journal of Medicinal Chemistry, IN PRESS, 2011. 



RutheniumRuthenium (II) (II) Screening Screening ResultsResults

phosphinephosphine//diiminesdiimines//picolinicpicolinic acidacid

Table. DeterminationDetermination ofof MICMIC againstagainst thethe MTBMTB HH3737RvRv inin differentdifferent environmentalenvironmental conditionsconditions (normal,(normal, pHpH 66..00,,

44%% ASBASB andand 1010%% FBSFBS))

IdentificationIdentification CompoundsCompounds

REMA (µM)REMA (µM)

NormalNormal pH 6,0pH 6,0
ProteinProtein BindingBinding

4% ASB4% ASB 10%10% SFBSFB4% ASB4% ASB 10%10% SFBSFB

MICMIC MICMIC RatioRatio MICMIC RatioRatio MICMIC RatioRatio
SCAR01 [Ru(pic)(dppb)(bipy)]PF6 1,2 2,4 2,0 2,5 2,1 1,3 1,1
SCAR02 [Ru(pic)(dppb)(Me-bipy)]PF6 1,2 2,2 1,8 2,0 1,7 1,3 1,1
SCAR04 [R ( i )(d b)( h )]PF 1 4 2 7 1 9 3 5 2 5 1 9 1 4SCAR04 [Ru(pic)(dppb)(phen)]PF6 1,4 2,7 1,9 3,5 2,5 1,9 1,4
SCAR05 cis-[Ru(pic)(dppe)2]PF6 0,8 1,7 2,1 1,7 2,1 0,8 1,0
SCAR06 cis-[RuCl2(dppb)(bipy)] 1,6 4,9 3,0 3,2 2,0 3,1 1,9
SCAR07 Ru(pic)(dppe)(phen) 2,1 2,7 1,3 2,8 1,3 2,5 1,2
Standard Drugs
RMP Rifampicin 0,1 0,2 2,0 0,2 2,0 0,2 2,0
INH Isoniazid 0,1 0,2 2,0 0,3 3,0 0,2 2,0
STR Streptomycin 0,5 0,8 1,6 0,9 1,8 1,3 2,6

““TheThe complexcomplex diddid notnot showshow anyany lossloss inin activityactivity inin thethe differentdifferent conditions,conditions, indicatingindicating stabilitystability inin

acidicacidic pHpH andand nono connectionconnection withwith serumserum proteinsproteins..””
PAVAN, F.R.  et al. Ruthenium (II) phosphin e/diimine/picolinate complexes: Inorganic compound s as agents against tuberculosis.
European Journal of Medicinal Chemistry, IN PRESS, 2011. 



ContinuingContinuing thethe PipelinePipelineContinuingContinuing thethe PipelinePipeline

IN VITRO IN VITRO PRECLINICALPRECLINICAL



In vitroIn vitro PreclinicalPreclinicalIn vitro In vitro PreclinicalPreclinical

Intracellular activity against MTB Erdmann ATCC 35801 Intracellular activity against MTB Erdmann ATCC 35801 

with pSMT1 plasmidwith pSMT1 plasmid



Intracellular Activity Intracellular Activity In vitroIn vitro PreclinicalPreclinical
MethodologyMethodology

In vitro In vitro PreclinicalPreclinical

55 6622 33 4411

AA

BB

CC

5x105 cel/mL

DD

SnewinSnewin V.A. et al, Assessment of immunity to V.A. et al, Assessment of immunity to mycobacterialmycobacterial infection with infection with luciferaseluciferase reporter constructs. reporter constructs. 
INFECTION AND IMMUNITYINFECTION AND IMMUNITY, Sept. 1999, p. 4586, Sept. 1999, p. 4586––45934593



Intracellular Activity Intracellular Activity In vitroIn vitro PreclinicalPreclinical
MethodologyMethodology

In vitro In vitro PreclinicalPreclinical

35°C
5%CO2

Buffered
Hank’s

24-48 h

SnewinSnewin V.A. et al, Assessment of immunity to V.A. et al, Assessment of immunity to mycobacterialmycobacterial infection with infection with luciferaseluciferase reporter constructs. reporter constructs. 
INFECTION AND IMMUNITYINFECTION AND IMMUNITY, Sept. 1999, p. 4586, Sept. 1999, p. 4586––45934593



Intracellular Activity Intracellular Activity In vitroIn vitro PreclinicalPreclinical
MethodologyMethodology

In vitro In vitro PreclinicalPreclinical

55 6622 33 4411

AA

BB

CC

1 a 5 bact/cell

DD

Lise Triton 0.1% (T0)
SnewinSnewin V.A. et al, Assessment of immunity to V.A. et al, Assessment of immunity to mycobacterialmycobacterial infection with infection with luciferaseluciferase reporter constructs. reporter constructs. INFECTION AND INFECTION AND 
IMMUNITYIMMUNITY, Sept. 1999, p. 4586, Sept. 1999, p. 4586––45934593



Intracellular Activity Intracellular Activity In vitroIn vitro PreclinicalPreclinical
MethodologyMethodology

In vitro In vitro PreclinicalPreclinical

55 6622 33 4411

AAX 4

BBMIC

CC/ 4

DD

(T3)

SnewinSnewin V.A. et al, Assessment of immunity to V.A. et al, Assessment of immunity to mycobacterialmycobacterial infection with infection with luciferaseluciferase reporter constructs. reporter constructs. INFECTION AND INFECTION AND 
IMMUNITYIMMUNITY, Sept. 1999, p. 4586, Sept. 1999, p. 4586––45934593



Intracellular Activity Intracellular Activity In vitroIn vitro PreclinicalPreclinical
MethodologyMethodology

In vitro In vitro PreclinicalPreclinical

35°C
5%CO2

Lysis
Triton 0,1%

3 days



Intracellular Activity Intracellular Activity In vitroIn vitro PreclinicalPreclinical
MethodologyMethodology

In vitro In vitro PreclinicalPreclinical

55 6622 33 4411
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CC

DD



Intracellular Activity Intracellular Activity In vitroIn vitro PreclinicalPreclinical

INTERPRETATIONINTERPRETATION

MethodologyMethodology
In vitro In vitro PreclinicalPreclinical

180180 uLuL suspensionsuspension180 180 uLuL suspensionsuspension
++

20 20 uLuL nn--decyldecyl aldeídaldeíd 1%ethanol1%ethanol
100 X    1 100 X    1 -- b/ab/a

LuminescenceLuminescence

CFU/CFU/mLmLRLURLU
(Relative Luminescence Unit)(Relative Luminescence Unit)



RutheniumRuthenium (II) (II) IntracellularIntracellular ResultsResults

phosphinephosphine//diiminesdiimines//picolinicpicolinic acidacid

TableTable
Intracellular activity against MTB Erdmann ATCC 35801 with pSMT1 plasmid, of ruthenium compounds and rifampin at 

i t ti

IdentifiIdentifi
cationcation CompoundsCompounds ConcentraConcentra

tionstions (µM)(µM)

IntracellularIntracellular
InhibitoryInhibitory
ActivityActivity (%)(%)

3 80 77 5

IdentifiIdentifi
cationcation CompoundsCompounds ConcentraConcentra

tionstions (µM)(µM)

IntracellularIntracellular
InhibitoryInhibitory
ActivityActivity (%)(%)

0 88 85 20

various concentrations

SCAR1 cis-
[Ru(pic)(dppe)2]PF6

3.80 77.5

0.95 55.10

0.24 48.30

i
2.00 82.30

SCAR5
cis-
[Ru(pic)(dppe)
2]PF6

0.88 85.20

0.22 80.50

0.06 47.60

cis- 20.7 51.10

SCAR2 cis-
[RuCl2(dppb)(bipy)] 0.50 73.30

0.13 70.50

SCAR3 [Ru(pic)(dppb)(Cl-
bi )]PF 6

3.04 62.30

0 76 43 30

SCAR6 [RuCl2(dppb)(b
ipy)]

5.17 33.40

1.29 19.40

RMP Rifampicin

0.49 80.40

0 12 51 50SCAR3 bipy)]PF 6 0.76 43.30

0.19 31.90

SCAR4 [Ru(pic)(dppb)(phen)
]PF6

2.96 78.90

0.74 75.30

RMP Rifampicin 0.12 51.50

0.04 24.00

PAVAN, F.R.  et al. Ruthenium (II) phosphin e/diimine/picolinate complexes: Inorganic compound s as agents against tuberculosis.
European Journal of Medicinal Chemistry, IN PRESS, 2011. 

0.19 65.90



In vitroIn vitro PreclinicalPreclinicalIn vitro In vitro PreclinicalPreclinical

CrossCross ResistanceResistance



Cross ResistanceCross ResistanceIn vitroIn vitro PreclinicalPreclinical
StrainsStrains

In vitro In vitro PreclinicalPreclinical

8 li i l i l58 clinical isolates
‐Susceptible
‐mono
‐MDR‐TB

OROR

ATCCATCC resistantresistant StrainsStrainsATCC ATCC resistantresistant StrainsStrains
www.atcc.orgwww.atcc.org



Cross ResistanceCross ResistanceIn vitroIn vitro PreclinicalPreclinicalIn vitro In vitro PreclinicalPreclinical
MethodologyMethodology

55 66 77 88 99 1010 1111 121222 33 4411

58 58 ClinicalClinical IsolatesIsolates

CompoundsCompounds
SelectedSelected

Trying to understand
possible diversity of

55 66 77 88 99 1010 1111 121222 33 4411

AA

BB

CC

DD

EE

Fármaco BACTECTMMGITTM960

Sensível Resistente

INH 18 40

RMP 22 36 possible diversity of
resistance profiles.

FF

GG

HH

MIC MIC determinationdetermination byby

RMP 22 36

EST 32 26

EMB 39 19

yy
REMAREMA

MIYATA, M.  PAVAN, F.R. et al. Drug resistance in Mycobacterium tuberculosis clinical isolates from Brazil: Phenotypic and genotypic methods. 
Biomedicine & Pharmacotherapy, DOI. 10.1016/j.biopha.2011.04.021, 2011.   



RutheniumRuthenium (II) (II) CrossCross ResistanceResistance

Table
DeterminationDetermination ofof antianti--MTBMTB activityactivity ofof compoundscompounds againstagainst 2525 clinicalclinical isolatesisolates selectedselected panelpanel builtbuilt withwith

phosphinephosphine//diiminesdiimines//picolinicpicolinic acidacid

DeterminationDetermination ofof antianti MTBMTB activityactivity ofof compoundscompounds againstagainst 2525 clinicalclinical isolatesisolates selectedselected panelpanel builtbuilt withwith
profileprofile ofof sensitivity/resistancesensitivity/resistance..

ClinicalClinical IsolateIsolate nºnº
Standard Standard DrugsDrugs

BACTECBACTECTMTM MGITMGITTMTM 960960
SCAR SCAR compoundscompounds (REMA) (REMA) 

µMµM

RMPRMP INHINH STRSTR EMBEMB 11 22 44 55 66 77

H37Rv S S S S 1,2 1,2 1,4 0,8 1,6 2,1
SusceptibleSusceptible isolatesisolates
16 S S S S 6,5 3,2 3,7 2,7 4,1 3,6
40 S S S S 1 6 1 6 1 8 1 3 16 6 d40 S S S S 1,6 1,6 1,8 1,3 16,6 nd
48 S S S S 13,1 3,2 3,7 1,3 >33,1 nd
66 S S S S >26,1 3,2 7,3 2,7 >33,1 nd
68 S S S S 3,3 1,6 1,8 1,3 2,1 nd
71 S S S S 3,3 1,6 1,8 1,3 >33,1 nd

nd – not determined

, , , , ,
72 S S S S 3,3 3,2 3,7 1,3 >33,1 nd
75 S S S S 26,1 1,6 1,8 1,3 >33,1 nd



RutheniumRuthenium (II) (II) CrossCross ResistanceResistance

ClinicalClinical IsolateIsolate nºnº
Standard Standard DrugsDrugs

BACTECBACTECTMTM MGITMGITTMTM 960960
SCAR SCAR compoundscompounds (REMA) (REMA) 

µMµM

phosphinephosphine//diiminesdiimines//picolinicpicolinic acidacid

RMPRMP INHINH STRSTR EMBEMB 11 22 44 55 66 77
MonoMono--drugsdrugs--resistantresistant TBTB
15 S R S S 6,5 1,6 3,7 1,3 4,1 3,6
77 S R S S 6,5 6,4 7,3 5,3 nd 7,2
98 R S S S 1 6 1 6 1 8 0 3 16 6 1 898 R S S S 1,6 1,6 1,8 0,3 16,6 1,8
181 S S R S 1,6 1,6 1,8 0,3 nd 1,8
MultiMulti--drugsdrugs--resistantresistant TB (MDRTB (MDR--TB)TB)
84 R R S S 3,3 3,2 1,8 1,3 nd 1,8
145 R R S S 1,6 1,6 1,8 0,7 nd 1,8
173 R R S S 3,3 3,2 3,7 2,7 >33,1 3,6
176 R R S S 26,1 1,6 3,7 2,7 >33,1 nd
46 R R R S 6,5 1,6 3,7 2,7 16,6 7,15
142 R R R S 26,1 1,6 1,8 2,7 4,1 nd
92 R R R S >26 1 6 4 7 3 5 3 >33 1 nd92 R R R S >26,1 6,4 7,3 5,3 >33,1 nd
93 R R R S 26,1 3,2 3,7 2,7 >33,1 nd
59 R R S R 13,1 1,6 1,8 0,3 >33,1 nd
61 R R R R 6,5 1,6 3,7 1,3 >33,1 7,15
97 R R R R 13,1 3,2 1,8 1,3 33,1 nd
104 R R R R 3 3 0 8 1 8 0 3 8 3 0 9

nd – not determined

104 R R R R 3,3 0,8 1,8 0,3 8,3 0,9
185 R R R R 25 0,39 0,39 0,39 >25 nd



Drug InteractionDrug InteractionIn vitroIn vitro PreclinicalPreclinicalIn vitro In vitro PreclinicalPreclinical

Evaluation of Evaluation of in vitro in vitro activity of combinations of candidate compounds activity of combinations of candidate compounds 

using drugs between the 2D checkerboard methodologyusing drugs between the 2D checkerboard methodology



Drug InteractionDrug InteractionIn vitroIn vitro PreclinicalPreclinical

CheckerboarderCheckerboarder 2D2D

In vitro In vitro PreclinicalPreclinical
MethodologyMethodology

55 66 77 88 99 1010 1111 121222 33 4411
AA

CompoundCompound
A (µM)A (µM)

1010

LEGENDLEGEND
HH OO

BB

CC

DD

55

2.52.5

1.251.25

CompoundCompound A A –– TestTest????

CompoundCompound B B –– Standard Standard 
DrugsDrugs

HH22OO
CrossCross

1.25 µM A 1.25 µM A 
andand 0.06 µM 0.06 µM 

BB

DD

EE

FF

55

0.630.63

0.310.31

gg

PositivePositive ControlControl

NegativeNegative ControlControl

GG

HH

C
om

p
C

om
p

B
 (

B
 (

0.160.16

0.080.08

110 50 50 250 250 130 130 060 060 030 030 0160 0160 0080 0080 0040 004

pound
pound
µM

)
µM

)

1 1 0.50.50.250.250.130.130.060.060.030.030.0160.0160.0080.0080.0040.004

15 LUNA-HERRERA, J.  et al. Synergistic antimycobacterial activities of sesquiterpene lactones from Laurus spp. Journal of Antimicrobial 
Chemotherapy, v. 59, n. 3, p. 548-552, 2007



Drug InteractionDrug InteractionIn vitroIn vitro PreclinicalPreclinical

FIC = MIC [A] combination + MIC [B] combination = FIC index
LowerLower FICFIC
P tP t

In vitro In vitro PreclinicalPreclinical
MethodologyMethodology

FIC  MIC [A] combination  MIC [B] combination  FIC index
MIC [A] alone               MIC [B] alone

CompoundCompound
A (µM)A (µM) 55 66 77 88 99 1010 1111 121222 33 4411

ParametersParameters
≤ 0,75 Sinergismo≤ 0,75 Sinergismo

0,750,75--4 indiferente4 indiferente

> 4 antagonismo> 4 antagonismoA (µM)A (µM) 55 66 77 88 99 1010 1111 121222 33 4411
AA
BB
CC

1010

55

2.52.5

LEGENDLEGEND
HH22OO

CC
DD
EE
FF

1.251.25

0.630.63

0.310.31

CompoundCompound A A –– testtest????

Composto B Composto B –– Standard Standard 
drugsdrugs

PositivePositive ControlControl

FF
GG
HH

0.160.16

0.080.08

C
om

C
omBB1 1 0.50.50.250.250.130.130.060.060.030.030.0160.0160.0080.0080.0040.004

NegativeNegative ControlControl

m
pound

m
pound

B
 (µM

)
B

 (µM
)



RutheniumRuthenium (II) (II) Drug InteractionDrug Interaction

Table

EvaluationEvaluation ofof inin vitrovitro activityactivity ofof combinationscombinations ofof compoundscompounds betweenbetween thethe candidatecandidate drugsdrugs usingusing

phosphinephosphine//diiminesdiimines//picolinicpicolinic acidacid

EvaluationEvaluation ofof inin vitrovitro activityactivity ofof combinationscombinations ofof compoundscompounds betweenbetween thethe candidatecandidate drugsdrugs usingusing

checkerboardcheckerboard methodologymethodology..
CompoundsCompounds//
StandarStandard d drugsdrugs FICFIC InteractionInteraction CompoundsCompounds//

StandarStandard d drugsdrugs FICFIC InteractionInteraction CompoundsCompounds//
StandarStandard d drugsdrugs FICFIC InteractionInteraction

RifampicinRifampicin EthambutolEthambutol MoxifloxacinoMoxifloxacinoRifampicinRifampicin EthambutolEthambutol MoxifloxacinoMoxifloxacino
SCAR1 1,0 Sinergismo SCAR1 1,6 Indiferente SCAR1 2,5 Indiferente
SCAR2 2,0 Indiferente SCAR2 1,6 Indiferente SCAR2 1,3 Indiferente
SCAR4 1,0 Sinergismo SCAR4 3,3 Indiferente SCAR4 1,3 Indiferente
SCAR5 1,1 Indiferente SCAR5 1,7 Indiferente SCAR5 2,6 Indiferente
SCAR6 1,0 Sinergismo SCAR6 1,6 Indiferente SCAR6 0,8 Sinergismo
SCAR7 1,0 Sinergismo SCAR7 2,4 Indiferente SCAR7 2,5 Indiferente

IsoniazidIsoniazid StreptomycinStreptomycin
SCAR1 1 4 Indiferente SCAR1 1 3 IndiferenteSCAR1 1,4 Indiferente SCAR1 1,3 Indiferente
SCAR2 1,0 Sinergismo SCAR2 1,3 Indiferente
SCAR4 1,0 Sinergismo SCAR4 1,3 Indiferente
SCAR5 1,0 Sinergismo SCAR5 1,4 Indiferente
SCAR6 0,5 Sinergismo SCAR6 0,5 Sinergismo
SCAR7 1,0 Sinergismo SCAR7 1,3 Indiferente



Latent  AssayLatent  AssayIn vitroIn vitro PreclinicalPreclinicalIn vitro In vitro PreclinicalPreclinical

Evaluation of activity of new compounds against the MTB persistent without replication, Evaluation of activity of new compounds against the MTB persistent without replication, 

using recombinant MTB H37Rv using recombinant MTB H37Rv ((pFCApFCA--luxABluxAB) ) and recovery test with low oxygen       and recovery test with low oxygen       gg ((pp )) y ygy yg

((LORALORA--LowLow OxygenOxygen RecoveryRecovery AssayAssay))



Activity on the latency model Activity on the latency model 
(NRP II)(NRP II)In vitroIn vitro PreclinicalPreclinical

Wayne Wayne ModelModel ((ObtainObtain ofof NRP II)NRP II)

In vitro In vitro PreclinicalPreclinical

MTB H37Rv ATCC 27294 
(pFCA-luxAB) on

NRP I NRP II

(pFCA-luxAB)

ct
er

ia
lP

op
ul

at
io

1 • Harvest

2 • Washing

ºC

37ºC
B

ac

Time (days)

0 5 10 12 17

3 • Freezing – 80ºCStirring constantly/without Stirring constantly/without 
disturbing the environment.disturbing the environment.

Time (days)

16 WAYNE, L. G.; HAYES, L. G. An in vitro model for sequential study of shiftdown of Mycobacterium tuberculosis through two stages of 
nonreplicating persistence. Infection and Immunity, v. 64, n. 6, p. 2062-2069, 1996. 



Activity on the latency model Activity on the latency model 
(NRP II)(NRP II)In vitroIn vitro PreclinicalPreclinical

Calculate MIC
LORA LORA –– LowLow OxygenOxygen RecoveryRecovery AssayAssay

In vitro In vitro PreclinicalPreclinical
MethodologyMethodology

Calculate MIC 
in NRP II

2 x 105   (Wayne)

28h “recovery” 
aerobic

Anoxomat WS-8080

10 days of y
incubation

at 37ºC under 
aerobic 

conditions
10%H2, 5%CO2 e N2 balanced

conditions.

CHO, S. H.  et al. Low-oxygen-recovery assay for high-throughput screening of compounds against nonreplicating Mycobacterium tuberculosis. 
Antimicrobial Agents and Chemotherapy, v. 51, n. 4, p. 1380-1385, 2007. 



RutheniumRuthenium (II) (II) Activity in the latency stageActivity in the latency stage

Table. Evaluation of activity of new compounds against the MTB persistent without replication, using Evaluation of activity of new compounds against the MTB persistent without replication, using 
recombinant MTB H37Rvrecombinant MTB H37Rv ((pFCApFCA luxABluxAB)) and recovery test with low oxygenand recovery test with low oxygen

phosphinephosphine//diiminesdiimines//picolinicpicolinic acidacid

IdentificationIdentification CompoundsCompounds LORA LORA MIC MIC ((μMμM))
SCAR01 [Ru(pic)(dppb)(bipy)]PF6 0,55

recombinant MTB H37Rv recombinant MTB H37Rv ((pFCApFCA--luxABluxAB) ) and recovery test with low oxygenand recovery test with low oxygen
((LORALORA--LowLow OxygenOxygen RecoveryRecovery AssayAssay))

[ (p )( pp )( py)] 6 ,

SCAR02 [Ru(pic)(dppb)(Me-bipy)]PF6 0,46

SCAR04 [Ru(pic)(dppb)(phen)]PF6 0,53

SCAR05 cis-[Ru(pic)(dppe)2]PF6 0,31

SCAR06 cis [RuCl (dppb)(bipy)] 0 42SCAR06 cis-[RuCl2(dppb)(bipy)] 0,42

SCAR07 Ru(pic)(dppe)(phen) 1,21

Standard DrugsStandard Drugs

RMP Rifampicin 0,84

507INH Isoniazid > 507

EST Streptomycin 3,52

EMB Ethambutol > 24,2

MOX Moxifloxacin 6

PA-824 PA-824 0,65



In vitroIn vitro PreclinicalPreclinicalIn vitro In vitro PreclinicalPreclinical

SpectrumSpectrum ActivityActivity



SpectrumSpectrum ActivityActivity
In vitroIn vitro PreclinicalPreclinical

Mycobacterium smegmatis REMA

In vitro In vitro PreclinicalPreclinical
MethodologyMethodology

S. Aureus
5x105 CFU/mL

E. coli
5x105 CFU/mL

C. albicans
1,5x106 CFU/mL

Staphylococcus aureus

Escherichia coli
Incubation at 37 ºC

24 h – S. aureus e E. coli

Candida albicans
Microdilution in 

browth

48 h – C. albicans

browth

D.O. 492 nmMIC calculated

18 MOODY, J. A. Synergism testing: broth microdilution checkerboard and broth macrodilution methods. In: HD, I. (Ed.). Clinical microbiology 
procedures handbook. Washington, DC: American Society for Microbiology, 1992.  p.1-28.  



RutheniumRuthenium (II) (II) Spectrum ActivitySpectrum Activity

TableTable.. SpectrumSpectrum activityactivity determinationdetermination

phosphinephosphine//diiminesdiimines//picolinicpicolinic acidacid

IdentificationIdentification CompoundsCompounds
Spectrum Activity (µM)

E. coli S. aureus C. albicans M. smegmatis

SCAR01 [Ru(pic)(dppb)(bipy)]PF6 > 10,4 5,1 > 10,4 5,2

SCAR02 [Ru(pic)(dppb)(Me bipy)]PF > 10 2 2 4 > 10 2 5 0SCAR02 [Ru(pic)(dppb)(Me-bipy)]PF6 > 10,2 2,4 > 10,2 5,0

SCAR04 [Ru(pic)(dppb)(phen)]PF6 > 11,8 4,6 > 11,8 5,7

SCAR05 cis-[Ru(pic)(dppe)2]PF6 > 8,5 0,3 1,9 5,3

SCAR06 cis-[RuCl2(dppb)(bipy)] > 13,3 5,9 > 13,3 > 13,3

SCAR07 Ru(pic)(dppe)(phen) > 11,4 5,5 > 11,4 5,6

Standard Standard DrugsDrugs
GTM Gentamicin 1,0 0,6 >100

RMP Rifampicin >100

INH Isoniazid 0,9

SM Streptomycin 0,2

MOX Moxifloxacin >512

MET Metronidazol 0 06MET Metronidazol 0,06

TMC TMC-207 >100



In vitroIn vitro PreclinicalPreclinicalIn vitro In vitro PreclinicalPreclinical

ProfªProfª DrªDrª Eliana Aparecida VarandaEliana Aparecida Varanda

MutagenicityMutagenicity



In vitroIn vitro PreclinicalPreclinical MutagenicityMutagenicityIn vitro In vitro PreclinicalPreclinical
MethodologyMethodology



In vitroIn vitro PreclinicalPreclinicalIn vitro In vitro PreclinicalPreclinical

ProfªProfª DrªDrª RosileneRosilene FressatiFressati CardosoCardoso

ActionAction MechanismMechanism



ActionAction MechanismMechanism
In vitroIn vitro PreclinicalPreclinicalIn vitro In vitro PreclinicalPreclinical

RDA - Representational difference analysis

RDA 1RDA 1

p y

RDA 1RDA 1

RNA EXTRACTION

TesterTester 1    1    DriverDriver 11

Tester 1: M. tuberculosis H37Rv 
ATCC 27294 + test compound.
Driver 1: M. tuberculosis H37Rv

 

cDNA Synthesis

ATCC 27294



ActionAction MechanismMechanism
In vitroIn vitro PreclinicalPreclinicalIn vitro In vitro PreclinicalPreclinical

CLONING

Fragments of interest
tampão ligase

DNA ligase
ATP

Transformation into 
Escherichia coli

cells by electroporation

Agar LB
(Luria-Bertani)  

selection of 
recombinant clones.+

vector pGEM-T-Easy (Promega) 
ATP cells by electroporation. ( )

Extraction of plasmid DNA

SEQUENCING
Automatic Sequencer MegaBACE 1000 (Amersham Biosciences). 

kit DYE i ET D T i t C l S i (A hkit DYEnamic ET e Dye Terminator Cycle Sequencing (Amersham 
Biosciences) 
The observed sequences are compared with the GenBank database 
(www.ncbi.nlm.nih.gov) using the Blastx program (Altschul et al., 1997).

Comparative analysis by subtraction between the driver and the tester.



ContinuingContinuing thethe PipelinePipelineContinuingContinuing thethe PipelinePipeline

IN VIVO IN VIVO PRECLINICALPRECLINICAL



In vivoIn vivo PreclinicalPreclinicalIn vivo In vivo PreclinicalPreclinical

Acute Toxicity



AcuteAcute ToxicityToxicity
In vivoIn vivo PreclinicalPreclinical

AnimalsAnimals toto ExperimentationExperimentation

In vivo In vivo PreclinicalPreclinical

• C57BL/6 female, black, aged 8-10 weeks, with average weight of 15-20
gramsgrams..

• BALB/c mice, white, aged 8-10 weeks with an average weight of 15-20 grams.



AcuteAcute ToxicityToxicity
In vivoIn vivo PreclinicalPreclinical

“Must be approved by the ethics committee on animal“Must be approved by the ethics committee on animal

In vivo In vivo PreclinicalPreclinical

Must be approved by the ethics committee on animal Must be approved by the ethics committee on animal 
Research”Research”

• 3 animals/group, 1 compound per group
• Single dose of 2000 mg/kg per body weight (gavage)

• Doses of 100, 300, 1000 mg / kg per body weight (if necessary)

• Control Group - Feeding ad libitum
• Observations after administration of 4 to 6 hours during the first 24 

hours – “Hippocratic Screening” (any behavioral change)
• Until 14 days.

OECD 2001. Guideline 423: Acute Oral Toxicity - Acute Toxic Class Method.
http://www.oecd.org/publications. Paris: Head of Publications Service.



AcuteAcute ToxicityToxicity
In vivoIn vivo PreclinicalPreclinical

• The surviving animals are sacrificed and the following organs examined
i ll d i h d

In vivo In vivo PreclinicalPreclinical
MethodologyMethodology

macroscopically and weighed:
•• HeartHeart,, LiverLiver,, PancreasPancreas,, KidneysKidneys andand lungslungs..
•• StatisticalStatistical analysisanalysis

A t T i it• Acute Toxicity:
• LD50 > 2000 per body weight = Low Toxicity
• LD50 500 - 2000 per body weight = Moderately Toxicity
• LD 0 100 - 500 per body weight = Highly ToxicityLD50 100 - 500 per body weight = Highly Toxicity
• LD50 ≤ 25 per body weight = Extremely Toxicity

19 OECD 2001. Guideline 423: Acute Oral Toxicity - Acute Toxic Class Method. 
http://www.oecd.org/publications. Paris: Head of Publications Service.



RutheniumRuthenium (II) (II) Acute ToxicityAcute Toxicity

Table. EvaluationEvaluation ofof AcuteAcute ToxicityToxicity ofof thethe compoundscompounds inin CC5757BL/BL/66..

phosphinephosphine//diiminesdiimines//picolinicpicolinic acidacid

IdentificationIdentification CompoundsCompounds DosesDoses
((mg/kg per body weight )) LossesLosses(%)(%)

SCAR01 [Ru(pic)(dppb)(bipy)]PF6
2.000 0
1 000 -----1.000 -----

SCAR02 [Ru(pic)(dppb)(Me-bipy)]PF6
2.000 83,33
1.000 16,6

SCAR04 [Ru(pic)(dppb)(phen)]PF6
2.000 16,6
1 000 -----1.000 -----

SCAR05 cis-[Ru(pic)(dppe)2]PF6
2.000 50
1.000 -----

SCAR06 cis-[RuCl2(dppb)(bipy)] 2.000 0
1 000 -----1.000

SCAR07 Ru(pic)(dppe)(phen) 2.000 nd
1.000 nd

RMP Rifampicina 2.000 0
1 000 01.000 0

nd – not determined



In vivoIn vivo PreclinicalPreclinicalIn vivo In vivo PreclinicalPreclinical

ToleranceTolerance



ToleranceTolerance
In vivoIn vivo PreclinicalPreclinicalIn vivo In vivo PreclinicalPreclinical

MethodologyMethodology

• BALB/c or C57BL/6 mice
• 2 animals/group, 1 compound per group

Single dose 
( ) Cycle of 5(gavage)

Starting of
50 mg/kg 
per body 

i ht

Cycle of 5 
days

- Analisys of 
Hipocratic 
Screening

Final Cycle 
doses are 
increased.

Ideal Dose 
determined

weight Screening



RutheniumRuthenium (II) (II) ToleranceTolerance

ToleranceTolerance in BALB/c in BALB/c micemice

phosphinephosphine//diiminesdiimines//picolinicpicolinic acidacid

DailyDaily doses, oral doses, oral wayway, 5 , 5 daysdays cyclescycles

SCAR4 - [Ru(pic)(dppb)(phen)]PF6[ (p )( pp )(p )] 6 
Ideal concentration of 75 mg/kg per body weight

SCAR7 - Ru(pic)(dppe)(phen)

RMP Rifampicin

(p )( pp )(p )
Ideal concentration of 50 mg/kg per body weight

RMP - Rifampicin
Ideal concentration of 15 mg/kg per body weight



In vivoIn vivo PreclinicalPreclinicalIn vivo In vivo PreclinicalPreclinical

PharmacokineticPharmacokinetic ScreeningScreening



PharmacokineticPharmacokinetic ScreeningScreeningIn vivoIn vivo PreclinicalPreclinical

Determination of active Determination of active 
concentrations the bloodconcentrations the blood

In vivo In vivo PreclinicalPreclinical

REMA

LD50

concentrations the blood.concentrations the blood.

Detemined

Oral Oral 
BioavailabilityBioavailability

Serum separated and Serum separated and 
keep atkeep at --7070°°CC

Lower Lower 
C t tiC t ti

BioavailabilityBioavailability

keep at keep at 7070 CCConcentrations Concentrations 
than LDthan LD5050

3 mice have blood 3 mice have blood 
collected by the tail.collected by the tail.

Gruppo et al.; Rapid Microbiologic and Pharmacologic Evaluation of Experimental Compounds against Mycobacterium Gruppo et al.; Rapid Microbiologic and Pharmacologic Evaluation of Experimental Compounds against Mycobacterium 
tuberculosis. tuberculosis. Antimicrobial Agents and ChemotherapyAntimicrobial Agents and Chemotherapy, 50(4), 1245, 50(4), 1245--1250, 2006.1250, 2006.



PharmacokineticPharmacokinetic ScreeningScreeningIn vivoIn vivo PreclinicalPreclinicalIn vivo In vivo PreclinicalPreclinical



In vivoIn vivo PreclinicalPreclinicalIn vivo In vivo PreclinicalPreclinical

InfectionInfection MiceMice



InfectionInfection MiceMice
In vivoIn vivo PreclinicalPreclinical

Animal Animal InfectionInfection

In vivo In vivo PreclinicalPreclinical

n=100 
BALB/c

5x106 
CFU/mL 30min

Multiplication of MTB Erdman in the lungs of Multiplication of MTB Erdman in the lungs of 

1 0E+04

1.0E+05

1.0E+06

p gp g
BALB/cBALB/c

1.0E+01

1.0E+02

1.0E+03

1.0E+04

C
FU

/m
L

1.0E+00
3 10 31

Time 
(days)



MiceMice TreatmentTreatment
In vivoIn vivo PreclinicalPreclinical

Animal Animal TreatmentTreatment

In vivo In vivo PreclinicalPreclinical

BALB/c mice, female
6 animal/group, 1 compound per group

10º dia
Start the treatment

31º dia 
End of the treatment
Single daily doses 

(gavage)

End of the treatment

CFU/mL of the lung
treatment animals

Compounds [ ] mg/kg per body 
weight

SCAR4 75

treatment animals

CFU/mL of the lung treatment
animals with RMP

SCAR7 50

RMP 15CFU/mL of the lung
treatment animals

with the compounds

20 FALZARI, K.  et al. In vitro and in vivo activities of macrolide derivatives against Mycobacterium tuberculosis. Antimicrobial Agents and 
Chemotherapy, v. 49, n. 4, p. 1447-1454, 2005.



RutheniumRuthenium (II) (II) Animals treatmentAnimals treatment

Treatment of animals infected with MTB ErdmanTreatment of animals infected with MTB Erdman

phosphinephosphine//diiminesdiimines//picolinicpicolinic acidacid

1.0E+06

1.0E+07

1.0E+04

1.0E+05

C
FU

/m
L

C
FU

/m
L

1 0E+01

1.0E+02

1.0E+03

CC

1.0E+01
T3 T10 T31CMC SCAR4 SCAR7 RMP

FigureFigure.. AnalysisAnalysis ofof thethe quantityquantity ofof bacillibacilli fromfrom thethe lungslungs ofof BALB/cBALB/c controlscontrols andand

ControlControl andand compoundscompounds

treatedtreated withwith compoundscompounds
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