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Abstract

Tuberculosis (TB) is endemic in most parts of the wold and remains one of the
most critics global health problems. The bacteria, Mycobacterium tubercutosis, is the
single cause leading to infection and mortality woridwide. The increase in multidrug-
resistant strains of M. tuberculosis (MDR-TB) is also alarming. When left undetected,
MDR-TB has resulted in high mortality rates and produced several community
outbreaks. A drug susceptibility test can improve rapid detection of drug-resistant M.
tuberculosis, atlowing for prompt initiation of appropriate therapy.

Itis of interest to evaluate the intracellular growth of Mycobacterium tuberculosis
in human, rabbit, mouse and guinea pig macrophages in order to be used in the
development of an appropriate in vitro test for drug susceptibility of Mycobacierium
tuberculosis both inside and outside infected cells. Monocyte derived human and rabbit
macrophages were prepared from adherent cells in peripheral blood mononuclear celis.
The mouse and guinea pig ﬁacrophages were isolated from the intraperitoneal exudate

after injection with 3% thioglycoliate for 5 days. The cells were cultured in a RPMI-1640



medium containing 10% fetal bovine serum (FBS) in 24-well culture plate. Non-adherent
cells were removed by washing. Macrophages were infected with M. tuberculosis
H37Rv strain with the multiplicity of infection at 10 mycobacteria per macrophage.
Growth rate of M. tuberculosis H37Rv strain in macrophages was investigated by
colony-forming unit (cfu) assay. The percent of adherent cells from human, rabbit,
mouse and guinea pig sample was 15 %, 15%, 70 % and 75 %.The average percent of
viability was 93%, 95%, 95%, and 95%, respectively. The average percent positive for
non-specific esterase staining in human, rabbit, mouse and guinea pig macrophages
was 72%, 75 %, 90% and 94% and the average percent of monocyte was 73%, 69%,
95% and 94% respectively. The average percentage of infected human, rabbit, mouse
and guinea pig macrophages was 22%,19%, 46% and 58% respectively. The average
number of colony-forming unit of M. tuberculosis in human, rabbit, mouse and guinea
pig macrophages was 4.3 x 103, 35x 103. 3.7 x 10 and 5.4 x 10° after infection on day
0. 7.3x10%, 35x 10°, 8.7 x 10°and 1.33 x 10°on day 3. 3.8 x 10°, 1.8 x 10", 1.2 x 10°
and 1.4 x 10° on day 6 and 1.53 x10°, 9.47 x 10", 7.33 x10° and 3.8 x 10° on day 10.
respectively. The average generation time of M. tuberculosis H37Rv in human, rabbit,
mouse and guinea pig macrophages was 97 h, 240 h, 59 h and 56 h after growing for 0-
3 days, 31 h, 31 h, 19 h and 21 h after 3-6 days, 48 h, 40 h, 37 h and 20 h after 6-10
days and 33.4 h, 50.6 h, 31.5 h, and 25.5 h after 0 -10 days respectively. Guinea pig
macrophages were the most susceptible hosts to intracellular growth of M. tuberculosis
H37Rv. This type of macrophage was selected for the assay of anti-mycobacterial drug
activity within Infected cells. The M. tuberculosis infected macrophages were used for
the evaluation of antimycobacterial activity at different concentration of isoniazid and
rifampicin inside the infected cells.

The infected macrophages were lysed after treatment with isoniazid or rifampicin
for 0, 3, 6 and 10 days. The lysate solution was dituted and cultured on LJ medium at
37°C for 3 weeks, Colonies of M. tuberculosis were determined. The minimal inhibitory

concentration (MIC) of isoniazid against intracellular and extracellular bacteria was 0.1

Lg/mt and 0.4 plg/mi, while the MIC of rifampicin against intraceliular and extracellular



bacteria was 0.1 Hg/ml and 0.2 Lig/ml respectively. The minimal bactericidat
concentration (MBC) of isoniazid against intracellutar and extracellular bacteria was 0.2
Hg/ml and 0.4 Lig/mi while the MBC of rifampicin against intracellular and extracellular
bacteria was 0.1 lg/ml and 0.2 Jlg/ml respectively. The MIC and MBC of both drugs
against the intracellular bacteria were at least two folds lower than those of the
extraceliular bacteria. Isoniazid and rifampicin showed a dose dependent inhibition
against intracellular mycobacteria. Morever, when tested against resistant strains both
drugs were unable to inhibit the intracellular and extracellular growths of bacteria even
though the drug concentration was increased up to 6.4 Lig/mi.

This study aimed to develope a simple and rapid method to detect isoniazid and
rifampicin  resistant M. {uberculosis by wusing 3-(4,5-dimethylthiazol-2yt)-2,5-
diphenyitetrazolium bromide) (MTT), an oxidation-reduction dye, to assay for the viabie
bacteria after treatment with isoniazid or rifampicin. This method required only one
cuiture cycle to obtains sufficient amount of M. fuberculosis for drug susceptibility test.
M. tuberculosis was cultured with various concentrations of isoniazid or rifampicin. MTT
was added to the M. tuberculosis culture at day 3, 5, 7 and 10. The results showed that
the cantrol cutture (na drug in the culture medium) and the resistant strain were able to
reduce the dye from yellow color to purple color formazan. The purple formazan was
solubilized to a homogeneous solution and the optical density (OD) was measured at
the wavelength of 570 nm. The MIC of isoniazid against susceptible M. tuberculosis
after treatment for 3, 5, 7 and 10 days were 1.25 Ha/ml, 0.625 Lig/mi, 0.156 Ho/ml and
0. 156 Lg/ml respectively. The MIC of rifampicin at each time points was 0.312 Ha/mi.
In contrast, the'growth of resistant strain was not inhibited even though the drug
concentration was increase up to0 5.0 Hag/ml.

In conclusion, guinea pig macrophages were the most suitable hosts for the
intracellular growth of Mycobacterium  tuberculosis. Additionally, an in vitro
macrophages cell culture model can be developed for drug susceptibility testing. The
drug activity of isoniazid and rifampicin against Mycobacterium tuberculosis was better

intracellularty compared to extracellularly. Furthermore, the MTT assay, a simple, rapid
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and economic method can be used for the screening of the drug-resistant strains of M.

tuberculosis.
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