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PrePre--ClínicalClínical ResearchResearch

NewNew
DrugDrug

To reduce the To reduce the 
duration of the duration of the 
treatment timetreatment time

To be active To be active 

What expect from a new drug?What expect from a new drug?

CheapCheap

against bacilli in against bacilli in 
“latency state”“latency state”

against resistant against resistant 
strains (MDR)strains (MDR)
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BiologicalBiological AssaysAssays
In In vitrovitro

ScreeningScreening -- FirstFirst StepStep

““TheThe newnew compoundcompound is is activeactive againstagainst MycobacteriumMycobacterium tuberculosistuberculosis?”?”

55 66 77 88 99 1010 1111 121222 33 4411
AA

BB

CC

dilutiondilution

MIC MIC –– Minimum Inhibitory ConcentrationMinimum Inhibitory Concentration

50 50 μμg/mLg/mL

25 25 μμg/mLg/mL

REMAREMA
Resazurin Microtiter Resazurin Microtiter AssayAssay

DD

EE

FF

GG

HH

ReferenceReference DrugDrug ControlControl
CompoundCompound ControlControlPositivePositive ControlControl

NegativeNegative ControlControl

J.C. Palomino, A. Martin, M. Camacho, H. Guerra, J. Swings, F. J.C. Palomino, A. Martin, M. Camacho, H. Guerra, J. Swings, F. PortaelsPortaels. ANTIMICROBIAL AGENTS AND . ANTIMICROBIAL AGENTS AND 
CHEMOTHERAPY, Aug. 2002, p. 2720CHEMOTHERAPY, Aug. 2002, p. 2720––27222722

12.5 12.5 μμg/mLg/mL

6.25 6.25 μμg/mLg/mL

3.13 3.13 μμg/mLg/mL

1.56 1.56 μμg/mLg/mL

0.78 0.78 μμg/mLg/mL
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55 66 77 88 99 1010 1111 121222 33 4411

REMAREMA
Resazurin Microtiter Resazurin Microtiter AssayAssay

resazurinresazurin
O

N+
O-

OHO O

N

OHO
resofurinresofurin

MIC MIC –– Minimum Inhibitory ConcentrationMinimum Inhibitory Concentration

55 66 77 88 99 1010 1111 121222 33 4411
AA
BB
CC
DD
EE
FF
GG
HH DayDay 77

55 66 77 88 99 1010 1111 121222 33 4411
AA

BB50 50 μμg/g/mLmL

ControlControl

MIC MIC –– 90% 90% ofof BacterialBacterial DeathDeath

RESULTSRESULTSMIC MIC –– Minimum Inhibitory ConcentrationMinimum Inhibitory Concentration

CC

DD

EE

FF

GG

HH
DayDay 88

25 25 μμg/g/mLmL

12.5 12.5 μμg/g/mLmL

6.25 6.25 μμg/g/mLmL

3.13 3.13 μμg/g/mLmL

1.56 1.56 μμg/g/mLmL

0.78 0.78 μμg/g/mLmL

FluorescenceFluorescence
530/590 nm530/590 nm VisualVisual

INTERPRETATIONINTERPRETATION

RESULTSRESULTSMIC MIC –– Minimum Inhibitory ConcentrationMinimum Inhibitory Concentration

MIC 90%MIC 90%

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

MIC 90%MIC 90%
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ScreeningScreening -- SecondSecond StepStep

““TheThe newnew compoundcompound is is toxictoxic againstagainst eukaryoticeukaryotic cellscells?”?”

ICIC50 50 –– In vitro In vitro cytotoxicitycytotoxicity MurinesMurines tumor cell lines J774tumor cell lines J774

Cellular CultureCellular Culture

J774J774 MurinesMurines tumor cell lines J774tumor cell lines J774
The cells were routinely maintained with RPMI medium
supplemented with 10% fetal bovine serum (FBS), at 37°C in a
humidified 5% CO2 atmosphere.

15 days

55 66 77 88 99 1010 1111 121222 33 4411
AA

BB

CC

MethodologyMethodology

1x101x1055 cellcell/mL/mL

ICIC50 50 –– In vitro In vitro cytotoxicitycytotoxicity

DD

EE

FF

GG

HH

2424--4848 hshs

S.A. Ahmed, R.M. Gogal, J. E. Walsh. J IMMUNOL METHODS, v. 170 (2): p. 211S.A. Ahmed, R.M. Gogal, J. E. Walsh. J IMMUNOL METHODS, v. 170 (2): p. 211--224, 224, 
1994.1994.

2x102x1044 cellcell//wellwell
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55 66 77 88 99 1010 1111 121222 33 4411
AA

BB

CC

dilutiondilution 1000 1000 μμg/g/mLmL

500 500 μμg/g/mLmL

MethodologyMethodologyICIC50 50 –– In vitro In vitro cytotoxicitycytotoxicity

DD

EE

FF

GG

HH

PositivePositive ControlControl
NegativeNegative ControlControl

250 250 μμg/g/mLmL

125 125 μμg/g/mLmL

62.5 62.5 μμg/g/mLmL

31.25 31.25 μμg/g/mLmL

15.6 15.6 μμg/g/mLmL

55 66 77 88 99 1010 1111 121222 33 4411

resazurinresazurin
O

N+
O-

OHO O

N

OHO
resofurinresofurin

MethodologyMethodologyICIC50 50 –– In vitro In vitro cytotoxicitycytotoxicity

55 66 77 88 99 1010 1111 121222 33 4411
AA
BB
CC
DD
EE
FF
GG
HH 2424 hourshours

55 66 77 88 99 1010 1111 121222 33 4411
AA

BB1000 1000 μμg/g/mLmL

ControlControl

ICIC50 50 –– 50% 50% cell bioavailability cell bioavailability 

MethodologyMethodologyICIC50 50 –– In vitro In vitro cytotoxicitycytotoxicity

CC

DD

EE

FF

GG

HH

500 500 μμg/g/mLmL

250 250 μμg/g/mLmL

125 125 μμg/g/mLmL

62.5 62.5 μμg/g/mLmL

31.25 31.25 μμg/g/mLmL

15.6 15.6 μμg/g/mLmL
66 hourshours

100100%% cellcell
bioavailabilitybioavailability
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FluorescenceFluorescence
530/590 nm530/590 nm

INTERPRETATIONINTERPRETATION

RESULTSRESULTSICIC50 50 –– In vitro In vitro cytotoxicitycytotoxicity

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

ICIC5050

ScreeningScreening -- ThirdThird StepStep

““TheThe newnew compoundcompound is is activeactive againstagainst intracellularintracellular BacteriaBacteria?”?”

M. tuberculosis M. tuberculosis erdmannerdmann
Genetically modified organism Genetically modified organism 

Intracellular Assay Intracellular Assay 

Living Living CellsCells + ATP + ATP oror FMNH2 =FMNH2 = “Light”“Light”
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Intracellular Assay Intracellular Assay M. tuberculosis M. tuberculosis erdmannerdmann
Genetically modified organism Genetically modified organism 

55 6622 33 4411

AA

V.A. Snewin, M.P. Gares, P.OV.A. Snewin, M.P. Gares, P.O´́ Gaora, Z. Hasan, I.N. Brown, D.B. Young. INFECTION Gaora, Z. Hasan, I.N. Brown, D.B. Young. INFECTION 
AND IMMUNITY, Sept. 1999, p. 4586AND IMMUNITY, Sept. 1999, p. 4586––45934593

BB

CC

DD

5x105x1055 cellcell/mL/mL

55 6622 33 4411

AA

Intracellular Assay Intracellular Assay M. tuberculosis M. tuberculosis erdmannerdmann
Genetically modified organism Genetically modified organism 

BB

CC

DD

1 a 5 1 a 5 bactbact//cellcell

Lise Lise TritonTriton 0.1% (T0)0.1% (T0) InitialInitial PositivePositive ControlControl
NegativeNegative ControlControl

FinalFinal PositivePositive ControlControl

55 6622 33 4411

AAX 4

Intracellular Assay Intracellular Assay M. tuberculosis M. tuberculosis erdmannerdmann
Genetically modified organism Genetically modified organism 

BB

CC

DD

MIC

/ 4

InitialInitial PositivePositive ControlControl
NegativeNegative ControlControl

FinalFinal PositivePositive ControlControl
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35°C
5%CO2

Intracellular Assay Intracellular Assay M. tuberculosis M. tuberculosis erdmannerdmann
Genetically modified organism Genetically modified organism 

Lise
Triton 0,1%

3 days

55 6622 33 4411

AA

Intracellular Assay Intracellular Assay M. tuberculosis M. tuberculosis erdmannerdmann
Genetically modified organism Genetically modified organism 

BB

CC

DD

180 uL suspension180 uL suspension
++

20 uL n20 uL n--decyl aldehyde 1%ethanoldecyl aldehyde 1%ethanol

INTERPRETATIONINTERPRETATION

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

Intracellular Assay Intracellular Assay RESULTSRESULTS

20 uL n20 uL n decyl aldehyde 1%ethanoldecyl aldehyde 1%ethanol

CFU/CFU/mLmLRLURLU
(Relative Luminescent Unit)(Relative Luminescent Unit)

LuminescenceLuminescence
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PrePre--ClinicalClinical ResearchResearch

In vivoIn vivo In vitroIn vitro

National Institutes of HealthNational Institutes of Health

MICMIC

ICIC5050

Intr. At.Intr. At.
MDRMDR SinergismSinergismLD LD 5050 PharmacPharmac

okineticokinetic
InfectionInfection LatentLatent

IsoniazidIsoniazid RifampicinRifampicin
MDRMDR

pp

PyrazinamidePyrazinamide

““TheThe newnew compoundcompound is is activeactive againstagainst MDR TBMDR TB?”?”

MDR MDR AssaysAssays

REMA REMA –– Resazurin Microtiter Resazurin Microtiter AssayAssay

MDR MDR ClinicalClinical IsolatesIsolates
IsoniazidIsoniazid
MDR MDR ClinicalClinical IsolatesIsolates

IsoniazidIsoniazidso a dso a d
RifampicinRifampicin
PyrazinamidePyrazinamide
StreptomicynStreptomicyn

so a dso a d
RifampicinRifampicin
PyrazinamidePyrazinamide
StreptomicynStreptomicyn

HERRERA, J.L. et al. HERRERA, J.L. et al. Use of Receiver Operating Characteristic Curves to Assess the Performance of a Microdilution Assay 
for Determination of Drug Susceptibility of Clinical Isolates of Mycobacterium tuberculosis Eur J Clin Microbiol Infect 
Dis, 22, p. 21, 22, p. 21--27, 2003.27, 2003.
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OROR

““SYNERGISMSYNERGISM OR OR ANTAGONISMANTAGONISM?”?”

= ≤ 0,75 Synergism; = ≤ 0,75 Synergism; 

Drug CombinationDrug Combination

0,750,75--4 4 indifferentindifferent
andand

> 4 > 4 antagonismantagonism

GrowthGrowth

NonNon--GrowthGrowth

““TheThe newnew compoundcompound is is activeactive againstagainst LatentLatent TBTB? ”? ”
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2 x 104

Low oxygen-adapted M. tuberculosis 
carrying luciferase gene

Low Oxygen Recovery Assay Low Oxygen Recovery Assay 
(LORA) (LORA) 

Cfu in 24-
well plates

10 days under <0.16% oxygen

28h “recovery” 
in air

luciferase

0

CHO, S.H.; et al. CHO, S.H.; et al. LowLow--OxygenOxygen--Recovery Assay for HighRecovery Assay for High--Throughput Screening of Compounds against Throughput Screening of Compounds against NonreplicatingNonreplicating
Mycobacterium tuberculosis. Mycobacterium tuberculosis. AntimicrobAntimicrob Agents Agents ChemotherChemother, 51 (4), p. 1380, 51 (4), p. 1380--1385, 2007.1385, 2007.

BiologicalBiological AssaysAssays
In vivoIn vivo

““TheThe newnew compoundcompound is is TOXICTOXIC? ”? ”
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Lethal Dose Lethal Dose -- LDLD5050

“Need ethic committee approval”
CEP/FCF/CAr. n° 41/2008

Female Swiss mice
6 i l / 1 d

“Lethal Dose”“Lethal Dose”

6 animals/group, 1 compound per group

Only dose of 2.000 mg/Kg of corporeal weight
Doses of 100, 300, 1000 mg/Kg of corporeal weight (if necessary)

Control Group – Feeding of ad libitum
Observation after administration of 4 to 6 hours and 2 
times for day

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.

“PHARMACOKINETIC”“PHARMACOKINETIC”

REMA
Swiss, LD50

Already determined.

Determination of the active
Concentrations in the blood

PHARMACOKINETICPHARMACOKINETIC BioavailabilityBioavailability OralOral

Frozen serum -70°CDose lower than Dose lower than 
the LDthe LD5050

3 mice will be bled 3 mice will be bled 
from the tail veinfrom the tail vein

BioavailabilityBioavailability
OralOral

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.
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““TheThe newnew compoundcompound is is activeactive in in inin vivo vivo infectioninfection?”?”

In vivo In vivo InfeccionInfeccion

Growth of M. tuberculosis Erdman 
 in BALB/c mice

1.0E+06

GammaGamma InterferonInterferon GeneGene--DisruptedDisrupted MiceMice

1.0E+01

1.0E+02

1.0E+03

1.0E+04

1.0E+05

3 10 31

Days post-infection

LENAERTS,LENAERTS, AA..JJ..MM.. etet alal.. RapidRapid inin vivovivo screeningscreening ofof experimentalexperimental drugsdrugs forfor TuberculosisTuberculosis usingusing GammaGamma InterferonInterferon genegene--
disrupteddisrupted micemice.. AntimicrobAntimicrob AgentsAgents ChemotherChemother,, 4747((22),), pp.. 783783--785785,, 20032003..

1818 daysdays afterafter infection,infection, willwill startstart thethe treatmenttreatment andand
continuouscontinuous atat 99 daysdays withwith dailydaily dosesdoses..
NegativeNegative GroupGroup ControlControl WithoutWithout drugsdrugs administrationadministration

In vivo In vivo InfeccionInfeccion

NegativeNegative GroupGroup ControlControl –– WithoutWithout drugsdrugs administrationadministration
PositivePositive GroupGroup ControlControl –– DailyDaily dosesdoses atat 2525 mg/Kg/daymg/Kg/day withwith IsoniazidIsoniazid

11 groupgroup perper compound,compound, 55 animalsanimals perper group,group,
AfterAfter treatment,treatment, thethe animalsanimals willwill bebe sacrificed,sacrificed, thethe lungslungs
andand spleenspleen removedremoved asepticallyaseptically andand CFUCFU realizedrealized fromfrom
homogenizedhomogenized tissuetissue
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MuchasMuchas graciasgracias!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

pavanfer@yahoo.com.brpavanfer@yahoo.com.br


