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standard therapy. In South Africa, 7500 MDR-TB cases were estimated by the survey 

conducted from 2000-2002 with 450 new MDR-TB cases being reported every year. 

This data correspond to MDR-TB levels of 1.7% of new cases and 6.6% re-treatment 

cases. To control MDR-TB in South Africa, treatment facilities have been established 

in eight provinces and the MRC is currently developing a national policy on MDR-TB 

management. On a global scale, WHO and its international partners have formed the 

DOTS-plus Working Group, which develops globaJ policy on management of MDR­

TB (WHO report 2005). 
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Figure 1.1. Trends in TB incidence in 9 regions of the world as estimated by WHO in 2003 

(WHO 2005) 

1.1.2. Transmission and Pathogenesis 

Tuberculosis is a disease that is transmitted by aerosolized proteinaceous pulmonary 

secretion containing infectious M tuberculosis. The droplets are generated when the 

person with infectious TB disease coughs and sneezes. The main route of infection for 

TB is the respiratory tract, where the bacteria are inhaled and droplets proceeds 

distally to the lung to establish an infection. It is not everyone who, when exposed to 

an infectious TB patient, becomes infected with the bacteria. Whether TB will be 

transmitted depends on how contagious the patient is, how long the exposure lasted, 

and in what kind of environment the exposure occurred. The inhaled bacilli lodge in 

the terminal air spaces of the lung where they are ingested by resident alveolar 

macrophages and conveyed to the interstitium. In addition, the inhaled bacteria are to 

invade the alveolar epithelial cells, which would create a niche for the bacterium to 

replicate and establish infection, avoiding the potentially aggressive environment of 

the macrophage. For disease to occur, M tuberculosis must be able to invade the host 

3 
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system. This is achieved by inhibition of phagosome-lysosome fusion and resistance 

to lysosomal enzymes as part of the pathogenic strategy (Fratti , Chua et al. 2003). 

Once the bacteria are inhaled, the innate response is triggered. If the eradication of the 

mycobacteria by the innate response is not effective, cell-mediated immunity develops 

within 2 to 6 weeks. Activated macrophages and lymphocytes are recruited into the 

lesion resulting in an increased local inflammatory reaction and granuloma fonnation. 

If the bacterial load is small, bacteria are destroyed with minimal tissue damage. 

However, a high bacterial load lead to production of inflammatory cytokines, 

activation of the complement pathway, and production of reactive species by 

macrophages leading to substantial tissue damage. Fonned granulomas are usually 

intact and are able to contain the infection. However, when granuloma is larger and 

fonned in an area with more tissue necrosis, the bacilli becomes enclosed by fibrin 

and therefore protected from the killing by macrophages. Fibrin enclosed M. 

tube/'culosis bacilli can remain donnant for years and become reactivated when the 

immune defence system is weakened. 

I· ·'."_.TI~_. 
1~4t,.....('i.) 

c::J 0-4 

~ " ,.... 
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Figure 1.2. HN prevalence in TB cases in 2003 as estimated by WHO (WHO 2005) 
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Figure 1.3. The structure of mycobacterial cell wall (Kaiser 2005) 

After entry into the host cells, M. tuberculosis has to establish habitation. One of 

major problems of M. tuberculosis once inside the host cell, is acquiring nutrients 

from the intracellular environment. Acquisition of iron, which is a cofactor of 

macrophages in the induction of microbicidal effector mechanisms, is critical for 

metabolism and growth of M. tuberculosis (Olakanmi, Schlesinger et al. 2004). Thus, 

M tuberculosis competes with macrophages for iron, which is acquired via the 

tranferrin receptor (TFR). TFR internalized iron binds to both tranferrin and 

lactoferrin. Iron becomes available to M. tuberculosis when extracellular transferrin 

cycles to M tuberculosis-containing phagosome through plasma membrane TFR 

trafficking to early endosomes (Brightbill, Libraty et al. 1999; Porcelli and Modlin 

1999). It has been proposed that this provides M. tuberculosis with iron via 

phagosome-endosome fusion (Olakanmi, Schlesinger et al. 2004). M tuberculosis has 

developed specialized high affinity iron chelators (siderophores) to compete with 

environmental iron binding molecules for the available iron. The sidosphores transfer 

iron from the host proteins to specialized mycobactin molecules in the mycobacterial 

cell wall (Gobin and Horwitz 1996). Acquisition of iron by M. tuberculosis results in 

inhibition of the induction of macrophage antimicrobicidal processes, contributing to 

the microbial evasion of M. tuberculosis (Olakanmi, Schlesinger et al. 2004). 
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Figure 1.4. Three different potential outcomes of infection with M. tuberculosis. 

a) Spontaneous healing following infection 

b) Development of active tuberculosis in an immunocompromised individual 

c) Anti-mycobacterial effector mechanisms of activated macrophage in healthy 

individuals. Tn >90% of infected individuals, infection is contained by granuloma 

formation. Reactivation might occur at a later stage. If reactivation occurs, T cells 

recognize the antigen and produce interferon gamma (fNF-y) and tumor-necrosis 

factor-a (TNF-a) to activate macrophages. Activated macrophage allows phagosomal 

maturation and produce reactive nitrogen intermediates (RNI) and reactive oxygen 

intermediates (ROI) to destroy M. tuberculosis (Kaufmann 200 I). 
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• of sed treatment 
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• high qual 

• to monitor treatment and 

Patients are allocated health and community or 

volunteers to on TI3 therapy. smear test is repeated 

a of to monitor 

ofthe patients and quality of 

had adopted 

treated under 

treatmenl 

strategy (WHO 

rate. In 22 countries 

111 I and to date morc 

strategy. All 

82 

17 mill 

with high 

global 

of 

cases were 

success 

DOTS had 

success treatment m I 998 et al. 19(9). Although there has 

e 

sti II m:eds to 

In 

immunology of tuberculosis. 

last 

the 

years sll1ce 

to the whole popUlation. 

on of' 
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sources. lied 

for compounds that inhibit 

cases, the binding of identified lead compounds is \1ot 
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y 
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the high-throughput screening, one may prove to he a useful 
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'['he structures are 

structure to 

with 

without compromlSll1g 

or compounds to 

17 

most 



Univ
ers

ity
 of

 C
ap

e T
ow

n

IS by structure 

rise to thousands of new or com 

eli potential antituberculosis 

The first a111lno 

pathways are cata 

called acetohydroxy synthase (AlIAS)), an 

but absent Marta et 

ation 01' pyruvate and its eilher with a 

or with 2-kctobutyrak, to acetohydroxybutyratc 

La Rossa c1 al. 1(98), A IS a 
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(LaRossa and 
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Ufeas, 
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to 
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(Kochan 
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mlcc et a1. 19(8), 

use of brallched-c n am I no as 

of smail molecules that 

Liu et ai. 19(9) 

et 

withholding lroll 

Kochan (1973) 

to Iron 
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status IllCS 
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metabolism DNA synthesis (D'Orazio, 

arc all controlled 

). l J conditions 01' 
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also occur through 

cncourages iron uptake in all 
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di ffcrent enzymes 

Rutter et al. 
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Smith 1998). 
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ct a1. 2000), 
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replication while i the immunocompetence 
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4. 

1.7. Structure orthiolactomycin Suarez-Contreras d al. 2(01) 

Thiolactomycin (Fig. I to antihiotic 

was 1111 a soil (ATCC 313 J 

et aL I 

Gram-positive, 

or 
tuherculosis with 

to;.; 

inhi 

Illtl' 

ai, 

(FAS-l) (Hayashi, 

inhibition of 

ct aL 2000; 

el 

attracted 

White et a1. 

TLM acts as an 

1), 

to 

Krerner et 

ihotri et aL 1 ). 

or yeast 

to the 

fatty acid 

role II, 

development of potential 

et a1. 2001). When 

al. 1992; Jackowski, el 20(1). Previous 

et 
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FAS-fI 

posit 

, f)ouglas et al. 2000; 
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2.1. ods 

Department of 

2.2. 

culLure. 

M D). Sample al 

21 alter 

ca 

1. ';"''''~fI''' '"""/Uj"~ 

III l'itro eval 

Ilins eL 

1 O~!g/ml of 

(Di U 

Ciaitllersburg, M 

III were Chi 

u 
lfoxide (DM 

was used as a so 

(OADC) 

were frozen 

1137Rv was 

were 

from Mycobacterial 

and the 

lebrook 7 H9 (Di 

oleic acid, albumin, 

Ie 

irate on 

or the 

was perf()rmed as by 

screenmg was at 

A~vcobacterium tuherculosis In Middlebrook 7119 broth 

10% OADC (Life 

sLeri Ie water in order to evaporation in 

was I 

dil of 20/lg/ml. 

each compound I) was added to wei 
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la were dil to give a 4xl 

mIcro of inoculum (4xl FU/ml) was to wells contain 

of 

with parallim 

50~tI or 
Germany) was added to one nl lvf. tuberculosis 

for 

to pink (reduced 

wells 

addition were 

at 

uSlIlg following eq 

----.------------~ x 100 

Where: 
= 155.677 
=c l4.652 
,= 80.586 

Il7.216 
c= Absorbance of'test wells at 57011111 
c= Absorbance of test wells a1600nm 

a 

7 

medium only and 

( 1;· y .., I) It" Il Ig.~. . 

111 and 600nm. If 

was [ated 

AI) = Ahsorbance of control wells which contain medium plus rcsazlirin but to 
which no cells have been added at 570nm 

~'Absorbance of control wells which contain medium plus resasurin but to which 
110 cells have been added at 600nl11 (BioSolirce International) 
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2.1 Reduction of resazurin to resofufil1 

et al. 200 I) 

In vitro evaluation of 

H 

metabolically active cells Reilkoff 

as previollsly 

II some modifications. The antimycobacterlal sllsceptihil assay 

was 

wells were water to minim evaporation III 

Is ( 7H9 

was added to Is in column 2 to II. row B to E. initial concentration was 

in water and dil 

111 Middlehrook broth 40~!g/1111. 

) 

was to colul1ll1 2 (row 13 to umn II were 

performed in 100111 of lebrook 711() brolh (Difco, USA) in m 

one. (Fig. of I J 

(row B to was d 

Ie (13: 

broth (Difco, U 
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growth 

inoculum with 

Is. 100111 compound was 

cOl1trols. M of' were 
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I O\~FU/llll. One hundred m or 
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and was defined as the lowest concentration that prevented colour change at day 5 of 

resazurin (BOH, Germany) addition to the experimental wells. 

Figure 2.2. Resazurin Microtire plate for minImum inhibitory concentration 

determination using REMA. 

2.4. In vitro cytotoxicity assay 

2.4. I. Isolation and culture of macrophages 

Peritoneal macrophages were obtained from 6-8 weeks old specific-pathogen free 

C57BI/6 female mice as described (CoJigan, Kruisbeek et a1. \995). Cells were pelleted, 

washed and assessed for their density by counting using a haemocytometer (Neubauer, 

Germany) and viability by 0.4% Trypan blue (Sigma, SA). Cells were then diluted and 

cultured in 48-well tissue culture plates (Corning International Costar, USA) at 

1 x 105eell/mi in pre-warmed complete medium (2Mm L-Glutamine, 5%FCS, 10% L929 

medium, RPMT) overnight at 37°C in 5% CO2 incubator ( Forma Scientific, USA, Model: 

SfN 28192-484) for 8 days. Non-adhering cells were removed, and complete medium 

(2Mm L-Glutamine, 5%FCS, 10% L929 medium, RPMJ) was replaced with pre-warmed 

complete medium containing compound at a final concentration of 0-32~glml. Plates 

were re-incubated at 37°C in 5% CO2 incubator ( Forma Scientific, USA, Model: SIN 

28192-484) for 8 days. 
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Aerosol n~." .. " •• 

icc were ehal 

at 21 co or the 

at a of I 

by wiping once with 
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d 
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of 

liser (Nebuliser-Venturi) was securelv 

inoculum tly il1to . 'I 
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15 min 
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2.10. 

Ihcrapeutic deli as reduction in colony 111 

M were IIced carbon dioxide. and 

were II y removed and . Thc were 

Ie II were diluted 1 and 

I OO~tI pi 

21 

calculated. 

in dupl lebrook 7H 10 plates. Plates were 

at 37°e were counted and bac ill i organ 

2.11. 

2.1 

mouse 

iV] icc were carbon dioxide inhalation, 

in I 7.00). 

rresence 0 f' water, were dehydrated once 111 

and four III 

paranin wax d 

was blocks were 

cut using a microtome (Leica, R 

alcohol. at 

overnight to 

2.1 

Slides were 
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staining, sl 
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2.11.3. 

SI 

dilallol 

lell to cool. 

III in xylol, I 

luchsin was 

unti I excess co IS 

rell10ve 

rapidly 

ethanol, 
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in water. SI 

2.12. and 
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2. 
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Sl.:vcn milliliters was pOll III CI side of 

Irc, and). 

M (100ml) to lit 

dishes (8 

1. 

I to 90ml di IIcd volume orthe 

2. 

N 

organs 

in 900rnl lied I 

volume salinc solution was adjusted to IOOOml 

3. 

E 

l)()()1111 eli 

solution was 

30lllin at 121 

.:t. 

ng lix 30 utes at 121 

The pH of 

Listed to 1001111 

at room 

IPO-+, 

adj 

II 

The solution was Cor 

at roOI11 

was sleri 

The 

so lutioll was 

were dissolved in 

lll11e of 

Ninc grams NaCI was dissoJ in 900ml d lied I of saline solution 

\vas adj to 1000ml lied I The solution was stcril <Juloclaving 

Ii)!" al 12 I 

1. Ison 

One hu milligram i was di 

fII through a 0.45~lm lilter and 

d 

at 

solution was 



Univ
ers

ity
 of

 C
ap

e T
ow

n

2. MTT 

I, milligram MTT was d 111 51111 PI1S, so was 11 a 
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J. 
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Untreated 

8 

Synthetic derivatives 

9 10 11 12 

Figure 3.1.1. The layout of the Experimental and control resazurin plates in Figure 3.1.2 
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Figure 3.1.2. The reduction of resazurin to resorufin in the experimental wells (A) and blank 

controls (8) at 24 hours following addition 0 f resazurin during the reasazurin microtitre plate 

assay 

41 



Univ
ers

ity
 of

 C
ap

e T
ow

n

a 

\vas 

a product was measured fol 

.M at 

H 

re 3.2.1. Reduction of to 

Rei et al. 200 I) 

and RIF it never 

H 

was 

was 

was 

3.2.1 ). 

2 



Univ
ers

ity
 of

 C
ap

e T
ow

n

50 
.Day 0 

45 
• Day 1 

"'C 40 
DDay 2 C1I 

CJ 35 :::J DDay 3 "'C 
C1I 30 ... .Day 4 c .;: 25 Day 5 :::J 
:;! 20 
en 
C1I 15 a::: 
~ 0 10 

5 

0 
"'C J: u. 
C1I z it: -C1I 
~ -c 
=> 

Figure 3.2.2. Kinetics of M. tuberculosis growth during the resazurin assay. TNH and RIF 

were tested for antimycobacterial activity against M. tuberculosis using REMA. M. 

tuberculosis was incubated with IOIlg/ml of TNH and RTF for 6 days. Resazurin was added to 

samples to a final concentration of 5% (v/v) and incubated further. Plates were read at 570nm 

and 600nm. Percentage resazurin reduced was measured relative to controls wells containing 

medium only (for growth control) or medium and TNHlRIF and no M. tuberculosis. Values 

are representative of the mean and standard deviation of quadruplicate measurements. 

** represent p<O.O I. 

3.3. Efficacy of DMSO against M. tuberculosis 

In this study, compounds were solubilized in 100% (v/v) DMSO. We therefore 

determined the lowest concentration at which DMSO inhibited M tuberculosis 

growth prior to susceptibility testing of selected derivatives. This was to determine the 

maximum concentration of DMSO that could be tolerated in our assays without 

affecting M. tuberculosis growth in order to distinguish between the effect of the 

synthetic derivatives and the solvent. M tuberculosis was incubated with an 

increasing concentration of DMSO for 6 days after which resazurin was added and 

incubated further. The DMSO concentration used ranged from 0 to 10% (v/v). 

In the presence of 0-1.25 % (v/v) DMSO, colour changed and M. tuberculosis growth 

similar to that of untreated samples was observed indicating that at these 

concentrations, M tuberculosis growth was not inhibited (Fig. 3.3.1). In contrast, 

decreased bacterial growth was observed with 2.5-10% (v/v) DMSO 2 days after 
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addition of resazurin. We therefore assessed the kinetics of inhibition at 2.5, 5, and 

10% (v/v) DMSO. Bacterial growth in DMSO treated samples were expressed relative 

to the maximwn growth observed at day 2 after the addition of resazurin in untreated 

samples. Complete bacterial growth inhibition was observed with 5 and 10% (v/v) 

DMSO (fig 3.3.2). M tuberculosis growth was retarded when treated with 2.5% (v/v) 

DMSO with increase in percentage growth ranging from approximately 2% at day 2 

to a complete restoration of growth by day 5 (fig 3.3.2). 

140 
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Figure 3.3.1. In vitro efficacy of DMSO. DMSO was tested for antimycobacterial activity 

against M. tuberculosis using REMA. M. tuberculosis was incubated with DMSO at a 

concentarion ranging from 0- 10% (v/v) for 6 days. Resazurin was added to samples to a final 

concentration of 5% (v/v) and incubated further. Plates were read at 570nm and 600nm after 

24 hours of adding resazurin. Percentage growth was calculated relative to untreated samples 

containing medium and M. tuberculosis. Values are representative of the mean and standard 

deviation of quadruplicate measurements ** represents p<O.O I. 
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Figure 3.3.2. Kinetics of M. tuberculosis growth during treatment with DMSO. Kinetics of 

M. tuberculosis growth was monitored at 24 hours interval for 5 days after adding resazurin. 

M. tuberculosis was incubated with 2.5%, 5%, and 10% (v/v) DMSO for 6 days. Resazurin 

was added to samples to a final concentration of 5% (v/v) and incubated further. Plates were 

read at 570nm and 600nm. Percentage growth was calculated relative to day 2 untreated 

samples containing M. tuberculosis and medium only. Values are representative of the mean 

and standard deviation of quadruplicate measurements. 
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Figure 3.4.2. In vitro efficacy of Imidazolinone. RKGCllm was tested for 

anti mycobacterial activity against M tuberculosis using REMA. M. tuberculosis was 

incubated with RKGC 11m at lOIlg/ml for 6 days. Resazurin was added to samples to a final 

concentration of and incubated further. Plates were read at 570nm and 600nm after 24 hours 

of adding resazurin. Percentage growth was ca\cu lated re lative to untreated samples 

containing M tuberculosis and medium only. Values are representative of the mean and 

standard deviation of quadruplicate measurements. ** represents p<O.O 1. 

3.4.2. Phthalamic acids 

Four compounds from this ALS inhibitors subclass were tested for efficacy against M 

tuberculosis. None of the compounds displayed any significant inhibition of M 

tuberculosis growth (Fig. 3.4.4). In contrast INH and RIF inhibited growth by > 85%. 
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RKGI14A RKGI25AA 

RKGANT3 RKGI23A 

Figure 3.4.3. The chemical structures of Pthalamic acids 
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Figure 3.4.4. In vitro efficacy of Phthalamic acids. Four compounds from this ALS inhibitors 

subclass were tested for antimycobacterial activity against M tuberculosis using REMA. M. 

tuberculosis was incubated with phthalamic acids at I Ollg/ml for 6 days. Resazurin was added 

to samples to a final concentration of 5% (v/v) and incubated further. Plates were read at 

570nm and 600nm after 24 hours of adding resazurin. Percentage growth was calculated 

relative to untreated samples containing M tuberculosis and medium only. Values are 

representative of the mean and standard deviation of quadruplicate measurements. ** 

represents p<O.O I. 
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Figure 3.4.6. In vitro efficacy of 1,3-dioxo-2H-isoindole-2-acetamides. RKG 119A, 

RKG145A, and RKG133A were tested for antimycobacterial activity against M tuberculosis 

using REMA. M. tuberculosis was incubated with 1,3-dioxo-2H-isoindole-2-acetamides at 

lOftglml for 6 days. Resazurin was added to samples to a final concentration of 5% (v/v) and 

incubated further. Plates were read at 570nm and 600nm after 24 hours of adding resazurin. 

Percentage growth was calculated relative to untreated samples containing M tuberculosis 

and medium only. Values are representative of the mean and standard deviation of 

quadruplicate measurements. ** represents p<O.OI. 

3.4.4. N-cyano-S-methyl-isothioureas 

Figure 3.4.7. The chemical structure ofRKG 136A 

RKG 136A was the only compound tested from this ALS inhibitors subclass. No 

antimycobacterial activity was observed following treatment with RKG 136A (Fig. 

3.4.8). In contrast, TNH and RIF treatment inhibited growth by >85%. 
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Figure 3.4.8. In vitro efficacy of N-cyano-S-mrthyl-isothioureas. RKG 136A was tested for 

antimycobacterial activity against M. tuberculosis using REMA. M. tuberculosis was 

incubated with N-cyano-S-mrthyl-isothioureas at IOIlg/ml for 6 days. Resazurin was added to 

samples to a final concentration of 5% (v/v) and incubated further. Plates were read at 570nm 

and 600nm after 24 hours of adding resazurin. Percentage growth was calculated relative to 

untreated samples containing M. tuberculosis and medium only. Values are representative of 

the mean and standard deviation of quadruplicate measurements. ** represents p<O.O I. 

3.4.5. SUlfonyl cyanoguanidines 

~
CI 

H H 

n NyN,s ~ 
I I '1\' 
~ N 0 0 

Br NC"'" 

RKGl39F RKG151A 

Figure 3.4.9. The chemical structures of Sulfonyl cyanoguanidines 

Two compounds from this ALS inhibitors subclass were tested for efficacy against M 

tuberculosis. Both RKG 139F3 and RKG 151 A displayed a small but insignificant 

(p>O.05) M tuberculosis growth inhibition (Fig. 3.4.10). In contrast, INH and RIF 

treatment inhibited growth by >85%. 
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Figure 3.4.10 In vitro efficacy of Sulfonyl cyanoguanidines. RKG 139F3 and RKG lSI A were 

tested for antimycobacterial activity against M. tuberculosis using REMA. M. tuberculosis 

was incubated with Sulfonyl cyanoguanidines at lOIlg/ml for 6 days. Resazurin was added to 

samples and incubated further. Plates were read at 570nm and 600nm after 24 hous of adding 

resazurin. Percentage growth was calculated relative to untreated samples containing M. 

tuberculosis and medium only. Values are representative of the mean and standard deviation 

of quadruplicate measurements. ** represents p<O.O I. 

3.4.6. N-alkyl-N'-cyano-guanidines 

RKG143A RKG161A 

Figure 3.4.11. The chemical structures ofN-alkyl-N' -cyano-guanidines 

Two compounds from this ALS inhibitors subclass were tested for efficacy against M. 

tuberculosis. Treatment with RKG143A and RKG161A did not have any inhibitory 
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effect on M tuberculosis growth (Fig. 3.4.12). In contrast, INH and RIF treatment 

inhibited growth by >85%. 

140 

120 
J: 

l 100 
0 
~ 

en 80 
ii 
.~ 

C1I 60 .... u 
C"a 

CD 
40 ~ 0 

20 

0 
i ::I: ~ oCt oCt z a: M .... .... ~ CD C"a .... .... C1I (!) (!) ~ .... ~ ~ c 
=> a:: a:: 

Figure 3.4.12. In vitro efficacy ofN-alkyl-N'-cyano-guanidines. RKGI43A and RKG161A 

were tested for anti mycobacterial activity against M. tuberculosis using REMA. M. 

tuberculosis was incubated with N-alkyl-N' -cyano-guanidines at 1 o I!g/m I for 6 days. 

Resazurin was added to samples to a final concentration and incubated further. Plates were 

read at 570nm and 600nm after 24 hours of adding resazurin. Percentage growth was 

calculated relative to untreated samples containing M. tuberculosis and medium only. Values 

are representative of the mean and standard deviation of quadruplicate measurements. ** 
represents p<O.Ol. 

3.4.7. Benzene derivatives oJimidazolines 

Four compounds from this subclass namely RKGAS4EGL Y, RKGAS4ELEU, 

RKGAS4EPA, and RKGAS4EV AL were tested for efficacy against M. tuberculosis. 

There was no difference in M tuberculosis growth in samples treated with Benzene 

derivatives of imidazolines when compared to the untreated samples (Fig. 3.4.14). In 

contrast, INH and RIF treatment inhibited growth by >85%. 
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Figure 3.4.]4. In vitro efficacy of Benzene derivatives of imidazolines. Four compounds 

from this ALS inhibitors subclass were tested for antimycobacterial activity against M 

tuberculosis using REMA. M. tuberculosis was incubated with Benzene derivatives of 

imidazol ines at I O~g!ml for 6 days. Resazurin was added to samples to a final concentration 

of 5% (v/v) and incubated further. Plates were read at 570nm and 600nm after 24 hours of 

adding resazurin. Percentage growth was calculated relative to untreated samples containing 

M tuberculosis and medium only. Values are representative of the mean and standard 

deviation of quadruplicate measurements. ** represents p<O.O I. 

3.4.B. Acyl thioureas 

In this study, four compounds were tested from this ALS inhibitors subclass for 

efficacy against M tuberculosis. The compounds RKG 1543 and RKG 1542 did not 

exhibit antibacterial activity against M .tuberculosis (Fig 3.4.16). Interestingly, 

compound RKG 1541 inhibited growth significantly by approximately 70%. 

Compound RKG 162A displayed a higher inhibition capacity with antibacterial 

activity being similar to that observed for INH and RIF. 
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Figure 3.4.15. The chemical structures ofN-alkyl-N'-cyano-guanidines 

140 

120 
or! 

~ 100 0 
~ 

'" iQ 80 
.;: 
II> - 60 (,) .. 

III 
~ 40 
a 

20 

0 
't:I J: u.. ..... N M ~ S z a:: ~ ~ ~ <D 

"' ..... ..... ..... ..... .. c.!l c.!l c.!l c.!l ~ 

~ ~ ~ - ~ I: a:: a:: :::> 

Figure 3.4.16. In vitro efficacy of Acyl thioureas. Four compounds from this ALS inhibitors 

subclass were tested for antimycobacterial activity against M. tuberculosis using REMA. M. 

tuberculosis was incubated with Acyl thioureas at I Ollg/ml for 6 days. Resazurin was added to 

samples to a final volume of 5% (v/v) and incubated further. Plates were read at 570nm and 

600nm after 24 hours of adding resazurin. Percentage growth was calculated relative to 

untreated samples containing M. tuberculosis and medium only. Values are representative of 

the mean and standard deviation of quadrupl icate measurements. ** represents p<O.O I. 
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Figure 3.4.17. In vitro efficacy of Sulfonyl ureas. Seventeen compounds from this ALS inhibitors 

subclass were tested for antimycobacterial activity against M. tuberculosis using REMA. M. 

tuberculosis was incubated with Sulfonyl ureas at 101lg/ml for 6 days. Resazurin was added to 

samples to a final concentration of 5% (v/v) and incubated further. Plates were read at 570nm and 

600nm after 24 hours of adding resazurin. Percentage growth was calculated relative to untreated 

samples containing M. tuberculosis and medium only. Values are representative of the mean and 

standard deviation of quadruplicate measurements. * * represent p<O.O 1 ) 
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3.5. Kinetics of M. tuberculosis growtb following treatment witb Acetolactate 

Synthase inhibitors 

RKG162A and RKG1541 were found to exert antibacterial activity against M. 

tuberculosis (see section 3.4). To further assess the antibacterial properties of these 

compounds, kinetic inhibition studies against M tuberculosis were performed. 

Mycobacterial growth was monitored for 5 days and expressed relative to growth 

obtained on day 2 of untreated samples. There was a significant difference (p<O.05) 

between the untreated samples and samples treated with RKG162A and RKG1541 

comparatively. The extent of mycobacterial growth inhibition was similar for 

RKG162A and RKG1541 on day 1, 3, 4, and 5. However, on day 2 RKG162A 

inhibited M. tuberculosis growth more (p<O.05) when compared to RKG 1541 

indicating a more rapid inhibitory effect of RKG 162A. This effect appeared to be 

transient as subsequent inhibitory activity were similar. The lack of colour change 

confirmed the absence of actively growing M. tuberculosis. These compounds were 

thus recorded as highly active against M. tuberculosis. 
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Figure 3.5. Kinetics of M. tuberculosis growth during treatment with Acetolactate Synthase 

inhibitors. Kinetics of M. tuberculosis growth was monitored at 24 hours interval for 5 days 

after adding resazurin. M. tuberculosis was incubated with RKG 162A and RKG 1541 at 

J Ollg/ml for 6 days. Resazurin was added to samples to a final concentration of 5% (v/v) and 

incubated further. Plates were read at 570nm and 600nm. Percentage growth was calculated 

relative to day 2 untreated samples containing M. tuberculosis and medium only. Values are 

representative of the mean and standard deviation of quadruplicate measurements. 

* represents p<O.05. 
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Figure 3.6.2 In vitro efficacy of Isatin and cyclic amine thiosennicarbazones. Eleven 

compounds from this Cysteine Protease inhibitors subclass were tested for antimycobacterial 

activity against M. tuberculosis using REM A. M. tuberculosis was incubated with Isatin and 

cyclic amine thiosermicarbazones at IOflglml for 6 days. Resazurin was added to samples to a 

final concentration of 5% (v/v) and incubated further. Plates were read at 570nm and 600nm 

after 24 hours of adding resazurin. Percentage growth was calculated relative to untreated 

samples containing M tuberculosis and medium only. Values are representative of the mean 

and standard deviation of quadruplicate measurements. 
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Figure 3.6.3 ( ... continued on next page). In vitro efficacy of Isatin and cyclic amine 

thiosermicarbazones. Twenty four compounds from this Cysteine Protease inhibitors subclass 

were tested for antimycobacterial activity against M. tuberculosis using REMA. M. 

tuberculosis was incubated with Isatin and cyclic amine thiosermicarbazones at I o I-lg/m I for 6 

days. Resazurin was added to samples to a final concentration of 5% (v/v) and incubated 

further. Plates were read at 570nm and 600nm after 24 hours of adding resazurin. Percentage 

growth was calculated relative to untreated samples containing M tuberculosis and medium 

only. Values are representative of the mean and standard deviation of quadruplicate 

measurements. ** represents p<O.Ol. 
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Figure 3.6.3 In vitro efficacy of Isatin and cyclic amine thiosermicarbazones. Twenty four 

compounds from this Cysteine Protease inhibitors subclass were tested for antimycobacterial 

activity against M tuberculosis using REMA. M. tuberculosis was incubated with Isatin and 

cyclic amine thiosermicarbazones at I o !lg/m I for 6 days. Resazurin was added to samples to a 

final concentration of 5% (v/v) and incubated further. Plates were read at 570nm and 600nm 

after 24 hours of adding resazurin. Percentage growth was calculated relative to untreated 

samples containing M. tuberculosis and medium only. Values are representative of the mean 

and standard deviation of quadruplicate measurements. ** represents p<O.OI. 
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3.6.2. Peptidyl cysteine protease inhibitors 

Seven derivatives from this subclass were tested for efficacy against M tuberculosis. 

Of these compounds only NAT47 showed significant (p<O.05) inhibition of 

mycobacterial growth (Fig. 3.6.4). Relative to INH and RIF treatment which inhibited 

growth by >85%, NAT47 inhibited growth by approximately 50%. Therefore relative 

to INH and RIF, NAT47 had a significantly lower inhibitory potential. 
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Figure 3.6.4. In vitro efficacy Peptidyl cysteine protease inhibitors. Seven compounds from 

this Cysteine Protease inhibitors subclass were tested for antimycobacterial activity against 

M. tuberculosis using REMA. M. tuberculosis was incubated with Peptidyl cysteine protease 

inhibitors at I O~glml for 6 days. Resazurin was added to samples to a final concentration of 

5% (v/v) and incubated further. Plates were read at 570nm and 600nm after 24 hours of 

adding resazurin. Percentage growth was calculated relative to untreated samples containing 

M. tuberculosis and medium only. Values are representative of the mean and standard 

deviation of quadrupl icate measurements. * * represents p<O.O I and * represents p<O.05. 
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Figure 3.7.1. Kinetics of M. tuberculosis growth during treatment with Cysteine Protease 

inhibitors. Kinetics of M. tuberculosis growth was monitored at 24 hours interval for S days 

after adding resazurin. M. tuberculosis was incubated with AXE I, AXE2, AXE3, AXE4, 

AXES, and AXE29 at 10 flglm I for 6 days. Resazurin was added to samplesto a final 

concentration of 5% (v/v) and incubated further. Plates were read at 570nm and 600nm. 

Percentage growth was calcu lated relative to day 2 untreated samples contain ing M. 

tuberculosis and medium only. Values are representative of the mean and standard deviation 

of quadruplicate measurements. 
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3.7.1.2. 4-aminoquinolines 

In this study one derivative namely AXE35 was further assessed for kinetic inhibition 

of M tuberculosis growth. There was already a significant (p<O.OI) inhibitory effect 

noted on day I during treatment with AXE35 (Fig. 3.7.2) but the inhibitory effect was 

not maintained. Bacterial growth after treatment with AXE35 was completely restored 

at day 4. 
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Figure 3.7.2 Kinetics of M. tuberculosis growth during treatment with Cysteine Protease 

inhibitors. Kinetics of M. tuberculosis growth was monitored at 24 hours interval for 5 days 

after adding resazurin. M. tuberculosis was incubated with AXE35 at IOIlg/ml for 6 days. 

Resazurin was added to samples to a final concentration of 5% (v/v) and incubated further. 

Plates were read at 570nm and 600nm. Percentage growth was calculated relative to day 2 

untreated samples containing M. tuberculosis and medium only. Values are representative of 

the mean and standard deviation of quadruplicate measurements. 
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3.7.2. Peptidyl cysteine protease inhibitors 

In this study one derivative was further assessed for kinetic inhibition of M. 

tuberculosis growth based on the findings in section 3.6. Treatment with NAT 47 

resulted in retarded bacterial growth, indicative of the bacteriostatic effect of the 

compound (Fig. 3.7.3). At day 2, treatment with NAT47 had inhibited the bacterial 

growth by >45%. However, at day 4, M. tuberculosis growth was fully restored. 
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Figure 3.7.3 Kinetics of M. tuberculosis growth during treatment with Cysteine Protease 

inhibitors. Kinetics of M. tuberculosis growth was monitored at 24 hours interval for 5 days 

after adding resazurin. M. tuberculosis was incubated with NAT at I o J.1g1m I for 6 days. 

Resazurin was added to samples to a final concentration of and incubated further. Plates were 

read at 570nm and 600nm. Percentage growth was calculated relative to day 2 untreated 

samples containing M. tuberculosis and medium only. Values are representative of the mean 

and standard deviation of quadruplicate measurements. 
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Figure 3.8.1. In vitro efficacy of Ferrocenic Thiosemicarbazones. Seventeen compounds from this 

ALS inhibitors subclass were tested for anti mycobacterial activity against M. tuberculosis using 

REMA. M. tuberculosis was incubated with Ferrocenic Thiosemicarbazones at lOflg/ml for 6 

days. Resazurin was added to samples to a final concentration of 5% (v/v) and incubated further. 

Plates were read at 570nm and 600nm after 24 hours of adding resazurin. Percentage growth was 

calculated relative to untreated samples containing M. tuberculosis and medium only. Values are 

representative of the mean and standard deviation of quadruplicate measurements. ** represents 

p<O.OI. 
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Figure 3.8.3. In vitro efficacy of Thiosemicarbazone thioesters. Seventeen compounds 

from this ALS inhibitors subclass were tested for antimycobacterial activity against M 

tuberculosis using REMA. M. tuberculosis was incubated with Thiosemicarbazone 

thioesters at I O~g!ml for 6 days. Resazurin was added to samples a final concentration of 5% 

(v/v) and incubated further. Plates were read at 570nm and 600nm after 24 hours of adding 

resazurin. Percentage growth was calcu lated relative to untreated samples containing M 

tuberculosis and medium only. Values are representative of the mean and standard deviation 

of quadruplicate measurements. ** represents p<O.OI. 

3.9. Kinetics of M. tuberculosis growth during treatment with 

Thiosemicarbazones 

Four thioserrnicarbazones were found to exert antibacterial activity against M 

tuberculosis. To further assess the antibacterial properties of these compounds, kinetic 

inhibition studied against M tuberculosis were perfonned. Mycobacterial growth was 

monitored for 5 days and expressed relative to growth obtained on day 2 untreated 

samples. 

3.9.1. Ferrocenic Thiosemicarbazones 

In this study 2 derivatives were further assesses for kinetic inhibition of M 

tuberculosis growth. Complete growth inhibition was observed when M tuberculosis 

was treated with FMI9 and FM48 on day 1 (Fig. 3.9.1). Lack of colour change on 
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samples treated with FMI9 and FM48 confirmed this observation. The inhibitory 

effect was maintained for 5 days and did not recover. These compoW1ds were 

therefore recorded as bactericidal against M. tuberculosis. 

Figure 3.9.1. Kinetics of M. tuberculosis growth during treatment with Ferrocenic 

Thiosemicarbazones. Kinetics of M. tuberculosis growth was monitored at 24 hours interval 

for 5 days after adding resazurin. M. tuberculosis was incubated with lOllglml of FM19 and 

FM48 for 6 days. Resazurin was added to samples to a final concentration of 5% (v/v) and 

incubated further. Plates were read at 570nm and 600nm. Percentage growth was calculated 

relative to day 2 untreated samples containing M. tuberculosis and medium only. Values are 

representative of the mean and standard deviation of quadruplicate measurements. 

3.9.2. Thiosemicarbazone thioesters 

In this study FM04 and FM I 02 were further assessed for kinetic inhibition of M. 

tuberculosis growth. A retarded bacterial growth was observed with treatment with 

FM04 and FMI02 (Fig. 3.9.2). However, at day 3, >75% of growth occurred and at 

day 4 M. tuberculosis growth was fully restored. 

78 



Univ
ers

ity
 of

 C
ap

e T
ow

n
Figure 3.9.2. Kinetics of M tuberculosis growth during treatment with Thiosemicarbazone 

thioesters. Kinetics of M tuberculosis growth was monitored at 24 hours interval for 5 days 

after adding resazurin. M. tuberculosis was incubated with I Oflglml of FM04 and FM 102 for 

6 days. Resazurin was added to samples and incubated further. Plates were rearl at 570nm and 

600nm. Percentage growth was calculated relative to day 2 untreated samples containing M 

tuberculosis and medium only. Values are representative of the mean and standard deviation 

of quadruplicate measurements. 

3.10. Efficacy of Thiolactomycins 

In this study we tested the anti-bacterial efficacy of 13 synthetic derivatives from this 

class of thiolactomycins against M. tuberculosis using REMA. All assays included 

INH and RTF treatment of samples to indicate growth inhibition and untreated 

samples to serve as controls for bacterial growth. No growth inhibition was observed 

with any of the thiolactomycins tested (Fig. 3.10). In contrast, INH and RIF inhibited 

growth by >90%. Interestingly, addition of ISA 1 showed a significant (p<0.05) 

increase in mycobacterial growth indicating that it could be acting as a growth 

supplement for M. tuberculosis. 
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Figure 3.10. In vitro efficacy of Thiolactomycins. Seventeen thiolactomucins derivatives 

were tested for anti mycobacterial activity against M tuberculosis H37Rv using REMA. M. 

tuberculosis was incubated with thiolactomycins at IO!!glml for 6 days. Resazurin was 

added to samples and incubated further. Plates were read at 570nm and 600nm after 24 hours 

of adding resazurin. Percentage growth was calculated relative to untreated samples 

containing M tuberculosis and medium only. Values are representative of the mean and 

standard deviation of quadruplicate measurements. * Represents p<O.05 and ** P<O.Ol. 
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Figure 3.11.1. The Minimum Inhibitory Concentration (A) and kinetics of inhibition (8) of 

isoniazid. The MIC of fNH was determined by incubating M. tuberculosis for 6 days with 

IN H at a concentration ranging from 0-1 Ollg/m l. Resazurin was added to samples and 

incubated further. Plates were read at 570nm and 600nm. Percentage growth was calculated 

relative to untreated samples containing M. tuberculosis and medium only. Values are 

representative of the mean and standard deviation of quadruplicate measurements. 
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Figure 3.11.2. The Minimum lnhibitory Concentration (A) and kinetics of inhibition (B) of 

rifampicin. The MIC of RTF was determined by incubating M. tuberculosis for 6 days with 

RIF at a concentration ranging from 0- I O\!glm I. Resazurin was added to samples and 

incubated further. Plates were read at 570nm and 600nm. Percentage growth was calculated 

relative to untreated samples containing M. tuberculosis and medium. Values are 

representative of the mean and standard deviation of quadruplicate measurements. 
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Figure 3.11.3. The Minimum Inhibitory Concentration (A) and kinetics of inhibition (B) of 

RKG 162A. The MIC of RKG 162A was determined by incubating M. tuberculosis for 6 days 

with RKG 162A at a concentration ranging from 0-1 O~g/ml. Resazurin was added to samples 

and incubated further. Plates were read at 570nm and 600nm. Percentage growth was 

calculated relative to untreated samples containing M. tuberculosis and medium. Values are 

representative of the mean and standard deviation of quadrupl icate measurements. 
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Figure 3.11.4. The Minimum Inhibitory Concentration (A) and kinetics of inhibition (B) of 

RKG 1541. The M IC of RKG 1541 was determined by incubating M. tuberculosis for 6 days 

with RKG 1541 at a concentration ranging from 0-1 O]lg/ml. Resazurin was added to samples 

and incubated further. Plates were read at 570nm and 600nm. Percentage growth was 

calculated relative to untreated samples containing M tuberculosis and medium. Values are 

representative of the mean and standard deviation of quadruplicate measurements. 
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Figure 3.11.5. The Minimum Inhibitory Concentration (A) and kinetics of inhibition (B) of 

AXEl. The MIC of AXEl was determined by incubating M. tuberculosis for 6 days with 

AXE I at a concentration ranging from O-IOIlg/ml. Resazurin was added to samples and 

incubated further. Plates were read at 570nm and 600nm. Percentage growth was calculated 

relative to untreated samples containing M tuberculosis and medium. Values are 

representative of the mean and standard deviation of quadrupl icate measurements. 
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Figure 3.11.6. The Minimum Inhibitory Concentration (A) and kinetics of inhibition (8) of 

AXE4. The MIC of AXE4 was determined by determining the M. tuberculosis growth (A) 

and resazurin reduced (B) by incubating M. tuberculosis for 6 days with AXE4 at a 

concentration ranging from O-IOIlg/ml. Resazurin was added to samples and incubated 

further. Plates were read at 570nm and 600nm. Percentage growth was calculated relative to 

untreated samples containing M. tuberculosis and medium. Values are representative of the 

mean and standard deviation of quadruplicate measurements. 
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Figure 3.11.7. The Minimum Inhibitory Concentration (A) and kinetics of inhibition (B) of 

AXES. The MIC of AXES was determined by incubating M. tuberculosis for 6 days with 

AXES at a concentration ranging from O-lOJlglml. Resazurin was added to samples and 

incubated further. Plates were read at S70nm and 600nm. Percentage growth was calculated 

relative to untreated samples containing M. tuberculosis and medium only. Values are 

representative of the mean and standard deviation of quadruplicate measurements. 
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Figure 3.11.8. The Minimum Inhibitory Concentration (A) and kinetics of inhibition (B) of 

AXE29, The MIC ofAXE29 was determined by determining the M tuberculosis growth (A) 

and resazurin reduced (8) by incubating M. tuberculosis for 6 days with AXE29 at a 

concentration ranging from O-IOIlg/ml. Resazurin was added to samples and incubated 

further. Plates were read at 570nm and 600nm, Percentage growth was calculated relative to 

untreated samples containing M, tuberculosis and medium only, Values are representative of 

the mean and standard deviation of quadruplicate measurements, 
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Figure 3.11.9. The Minimum Inhibitory Concentration (A) and kinetics of inhibition (B) of 

FM 19. The MIC of FM 19 was determined by incubating M. tuberculosis for 6 days with 

FM 19 at a concentration ranging from 0-10Jlglml. Resazurin was added to samples and 

incubated further. Plates were read at 570nm and 600nm. Percentage growth was calculated 

relative to untreated samples containing M. tuberculosis and medium. Values are 

representative of the mean and standard deviation of quadruplicate measurements. 
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Figure 3.11.10. The Minimum Inhibitory Concentration (A) and kinetics of inhibition (8) of 

FM48. The MIC was determined by incubating M. tuberculosis for 6 days with FM48 at a 

concentration ranging from O-IOi!g!ml. Resazurin was added to samples and incubated 

further. Plates were read at 570nm and 600nm. Percentage growth was calculated relative to 

untreated samples containing M tuberculosis and medium only. Values are representative of 

the mean and standard deviation of quadruplicate measurements. 
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Figure 3.12 In vitro cytotoxicity of DMSO.DMSO was tested for cytotocixity on a cell based 

culture using C57BLl6 peritoneal macrophages. Macrophage cells were incubated with 

DMSO at an increasing concentration of 0-25% (v/v) for 8 days. Cells were tested for 

viability using MTT assay. Formazan formed was read at 550nm and 690nm. Cell viability 

was calculated relative to the untreated samples. Values are representative of the mean and 

standard deviation of quadruplicate measurements. 
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3.13. In vitro cytotoxic effects of INH and RIF on peritoneal macrophage cell 

culture 

INH and RIF, the two drugs known to inhibit M tuberculosis growth were tested for 

cytotoxicity on peritoneal macrophage cells. These drugs were tested for cytotoxicity 

in a cell based system. Macrophages cells were incubated with INH and RIF for 8 

days. Medium was removed, cells washed and viability of cells tested using the MTT 

assay. INH had the lowest toxicity on macrophage cells. At lOOfJ.g/ml, 79% of 

macrophages were metabolically active (Fig. 3.13). RtF however, had ICso of 

27.35fJ.g/ml. 
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Figure 3.13. In vitro cytotoxicity of INH and RIF. INH and RIF were tested for cytotocixity 

on a cell based culture using C57BLl6 peritoneal macrophages. Macrophage cells were 

incubated with lNH and RIF at an increasing concentration of 0-1 00% (v/v) for S days. Cells 

were tested for viability using MTT assay. Formazan formed was read at 550nm and 690nm. 

Cell viability was calculated relative to the untreated samples. Values are representative of the 

mean and standard deviation of quadruplicate measurements. 
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3.14. In vitro cytotoxic effects of identified synthetic derivatives on peritoneal 

macrophage cell culture 

Eleven identified synthetic derivatives from different classes were tested for in vitro 

cytotoxicity on peritoneal macrophage cells. These compounds were shown to have 

antibacterial properties in previous experiments. They either completely inhibited 

bacterial growth or resulted in retarded growth of M. tuberculosis. Macrophages cells 

were incubated with derivatives for 8 days. Medium was removed, cells washed and 

viability of cells tested using MTT assay. 

3.14.1. Acetolactate Synthase inhibitors 

In this study RKG 162A and RKG 1541 were tested for in vitro cytotoxicity on 

peritoneal macrophages. RKG162A and RKG1541 had an IC50 of 17.6 ~glml and 

6~g/ml respectively indicating that the both compounds were partially cytotoxic to 

macrophage cells with the cytotoxic effects of RKG 1541 3x higher than RKG 162A 

(Fig.3.l4.1). 
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Figure 3.14.1 . In vitro cytotoxicity of ALS inhibitors. RKG 162A and RKG 1541 were tested 

for cytotocixity on a cell based culture using C57BLl6 peritoneal macrophages. Macrophage 

cells were incubated with RKG 162A and RKG 1541 at an increasing concentration of 0-

32flglml for 8 days. Cells were tested for viability using MIT assay. Formazan formed was 

read at 5S0nm and 690nm. Cell viability was calculated relative to the untreated samples. 

Values are representative of the mean and standard deviation of quadruplicate measurements. 
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3.14.2. Cysteine Protease inhibitors 

3. 14.2. 1.1satin-derived cysteine protease inhibitors 

Four compounds from this subclass were tested for in vitro cytotoxicity on peritoneal 

macrophages. AXE 1, AXE4, and AXE5 were highly toxic to macrophages with ICso 

of <0.25IJ.g/ml (Fig. 3.14.2.1). In contrast, AXE29 displayed partial toxic effects with 

ICso of 16.08IJ.g/ml. 
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Figure 3.14.2.1. In vitro cytotoxicity of Isatin-derived Cysteine Protease inhibitors. AXE I, 

AXE4, AXE5, and AXE29 were tested for cytotocixity on a cell based culture using C57BLl6 

peritoneal macrophages. Macrophage cells were incubated with AXE 1, AXE4, AXE5, and 

AXE29 at an increasing concentration ofO-32Jlg/ml for 8 days. Cells were tested for viability 

using MIT assay. Formazan fonned was read at 550nm and 690nm. Cell viability was 

calculated relative to the untreated samples. Values are representative of the mean and 

standard deviation of quadruplicate measurements. 
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3. J 4. 2. 2. Peptidyl Cysteine Protease inhibitors 

NAT 47 was the only compound that was tested for cytotoxicity on peritoneal 

macrophages from this subclass. ICso ofNAT47 was 9.75~g1ml (Fig. 3.14.2.2). 
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Figure 3.14.2.2. In vitro cytotoxicity of a Peptidyl Cysteine Protease inhibitor. NAT 47 was 

tested for cytotocixity on a cell based culture using C57BLl6 peritoneal macrophages. 

Macrophage cells were incubated with NAT 47 at an increasing concentration of 0-32iJ.glml 

for 8 days. Cells were tested for viability using MTT assay. Formazan formed was read at 

550nm and 690nm. Cell viability was calculated relative to the untreated samples. Values are 

representative of the mean and standard deviation of quadruplicate measurements. 
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3.14.3. Thiosemicarbazones 

In this study, 4 derivatives namely FM04, FM19, FM48, and FMl 02 were tested for 

in vitro cytotoxicity on peritoneal macrophages. All 4 compounds were highly toxic to 

macrophage cells (Fig. 3.14.3). All cells were killed at O.25~g!ml, the lowest 

concentration that was tested. 
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Figure 3.14.3. In vitro cytotoxicity of Thiosermicarbazones. FM04, FM19, FM48, and 

FM I 02 were tested for cytotocixity on a cell based culture using C57BLl6 peritoneal 

macrophages. Macrophage cells were incubated with thiosemicarbazones derivatives at an 

increasing concentration of 0-321!g/ml for 8 days. Cells were tested for viability using MTT 

assay. Formazan formed was read at 550nm and 690nm. Cell viability was calculated relative 

to the untreated samples. Values are representative of the mean and standard deviation of 

quadrupl icate measurements. 

102 



Univ
ers

ity
 of

 C
ap

e T
ow

n

3.15. Intracellular killing of M. tuberculosis by synthetic derivatives 

M tuberculosis is an intracellular pathogen and its target cells are macrophages within 

the mammalian hosts. Antimycobacterial drugs should be able to cross the membrane 

of the target cells and kill mycobacteria. We therefore investigated the ability of the 

AXE29 and RKG 162A to traffic into the macrophage phagosome containing bacteria 

and destroy the bacilli. INH and RIF were incorporated as positive control drugs with 

known capability to kill intracellular bacilli. Phagocytosed M tuberculosis was 

treated with 1 and lOil-giml of drug for 5 days. Macrophages were lysed and CFU 

enumerated. As expected, INH and RIF inhibited bacterial growth significantly 

(p<O.OI) at both I and IOllgiml. Unlike RIF, increase in INH concentration did not 

result in increase in bacterial growth inhibition. No significant inhibition was 

observed when internalized M tuberculosis was treated with 11lg/ml ofAXE29 and 

RKG 162A. Treatment with IOllg/ml however resulted in significant (p<O.05) 

bacterial growth inhibition for both AXE29 and RKG 162A. 
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Figure 3.15. Intracellular killing of M .tuberculosis by synthetic derivatives. INH, RTF, 

AXE29, and RKG l62A were tested for the ability to cross C57BLl6 peritoneal macrophages 

and destroy the bacilli. Macrophage phagocytosed M tuberculosis was incubated with fNH, 

RIF, AXE29, or RKG 162A for 5 days. Macrophage cells were lysed and CFU enumerated. 

Percentage bacterial growth was calculated relative to the untreated samples. Values are 

representative of the mean and standard deviation of quadruplicate measurements. 

• represents p<O.05 and .* represents p<O.OI. 
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4.1. Preparation of synthetic derivatives for in vivo efficacy study 

DMSO is widely used in the field of biosciences and the toxicity of DMSO for cultured 

cells or animals has been reported (Worthley and Schott 1969; Cavaletti, Oggioni et al. 

2000). For this study all synthetic derivatives were solubilized in DMSO. In order to 

minimize the toxicity of DMSO to mice, DMSO-dissolved compounds were diluted in 

different solvents to lower the final DMSO concentration for in vivo application. 

However, the dilution ofAXE29 and RKG162A dissolved in DMSO resulted in the 

formation of precipitate and were therefore unsuitable for further application. Solvents 

that were used to dilute compounds are shown in table 4.1. 

Solvent 

Tween-80 

Distilled water 

Acidified water 

Ethanol 

Methyl cellulose 

Na2C03 

DMSO 

Olive oil 

Final concentration 

0.02% 

pH 2 

20% 

0.5% 

5% 

5% 

Table 4.1. Solvents for DMSO-dissoJved derivatives dilution 

4.2. Toxicity of DMSO in a murine model 

Because none of the solvents stated in table 4.1 could be used to dilute DMSO-dissolved 

AXE29 and RKG162A, the effect of DMSO alone was assessed for its toxicity in vivo. 

Fifty microlitres ofDMSO was administered to uninfected mice daily for 10 days and the 

condition and mortality of mice monitored. Mice from both the treated and the untreated 

group survived and there was no significant change of mouse body weight during the 

treatment phase (Fig. 4.1). DMSO was therefore used as a solvent in subsequent 

experiments. 
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Figure 4.1. Mouse weight measurement during treatment with DMSO. Uninfected C57BLl6 mice 

were administered with 501-11 DMSO intraperitoneally daily for 10 days. Mice were weighed at 

intervals for the duration of treatment. 

4.3. Toxicity of identified synthetic derivatives in a murine model 

When mice were treated with DMSO, no toxic effects were observed. To investigate the 

potential toxicity ofAXE29 and RKG 162A, uninfected mice were treated with each of 

the compounds at 25, 50, and 100mglkg for 7 days to determine the maximum tolerated 

dose (MTD). Treatment with 100mglkg of either AXE29 or RKG 162A resulted in 

mortality (see table 4.2 & 4.3). Treatment with AXE29 was accompanied by an 

insignificant body weight loss. Seventy five percent of mice had succumbed at day 7 of 

treatment with RKG 162A whereas 25% of mice died after treatment with AXE29. 

However, mice treated with 25 and 50mglkg of both compound survived and no weight 

loss was observed. 
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Day 25mglkg 50mglkg 100mg/kg 
0 4/4 4/4 4/4 
1 4/4 4/4 2/4 
2 4/4 4/4 2/4 
3 4/4 4/4 114 
4 4/4 4/4 114 
5 4/4 4/4 1/4 
6 4/4 4/4 1/4 
7 4/4 4/4 114 

Table 4.2. Effect of RKG 162A on survival of uninfected C57BLl6 mice. RKGI62A was 

administered at 501-1-1 to uninfected mice intraperitoneally for 1 week at 25, 50 and 100mglkg of 

body weight. 

Day 25mg/kg 50mg/kg lOOmg/kg 
0 4/4 4/4 4/4 
1 4/4 4/4 3/4 
2 4/4 4/4 3/4 
3 4/4 4/4 3/4 
4 4/4 4/4 3/4 
5 4/4 4/4 3/4 
6 4/4 4/4 3/4 
7 4/4 4/4 3/4 

Table 4.3. Effect ofAXE29 on survival of un infected C57BLl6 mice. AXE29 was administered 

at 501-1-1 to uninfected mice intraperitoneally for 1 week at 25, 50 and 100mglkg of body weight. 
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Figure 4,2. Mouse body weight measurement during treatment with AXE29 (A) and RKG 162A 

(B). Uninfected C57BL!6 mice were administered with SOil I of either AXE29 or RKG 162A 

intraperitoneally daily for 1 week. Mice were weighed for the duration treatment. Values are 

representative of the mean and standard deviation of 5 mice. t represents mortality. 
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4.4. Therapeutic effect of identified synthetic derivatives in a murine model 

Therapeutic potential ofAXE29 and RKG l62A was investigated in an experimental 

tuberculosis murine model. Mice were challenged with I OOCFU/lung of M tuberculosis 

by aerosol inhalation. Treatment was initiated at the onset of infection and sustained for 2 

weeks. Efficacy ofAXE29 and RKG 162A were assessed by M tuberculosis burden in 

mice organs, mouse body weight, and gross lung lesions. 

4.4.1. Body Weight 

Mice were weighed before onset of treatment and subsequently once a week. DMSO and 

lNH were incorporated as solvent and positive controls during treatment. Mice body 

weights are shown in Fig. 4.3. The weight of untreated, INH, and DMSO treated groups 

remained invariable throughout the treatment phase. In contrast, weight loss was 

observed in RKG 162A and AXE29 treated mice. Mortality (100%) was observed in 

RKG 162A treated mice by day 7. 
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Figure 4.3. Mouse weight measurement during treatment with synthetic derivatives. C57BLl6 

mice were challenged with IOOCFU/lung of M tuberculosis by aerosol inhalation. Treatment 

with INH, DMSO, AXE29, and RKG 162A was initiated at day 1 of infection and sustained for 2 

weeks. An untreated group was included as a control for body weight profile during infection 

with M tuberculosis. Mice were weighed once a week for the duration of treatment. Values are 

representative of mean and standard deviation of 4 mice per group. t represents mortality. 
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Figure 4.4. Bacilli burden in mouse organs. C57BLl6 mice were challenged with IOOCFU/lung 

of M tuberculosis by aerosol inhalation. Treatment with fNH, OM SO and AXE29 was initiated at 

day I of infection and sustained for 2 weeks. Untreated group was included as a control for bacilli 

burden profile during infection with M. tuberculosis. Colony forming units (CFU) for lung (A), 

liver (B), and spleen (C) were enumerated at the beginning and the end of treatment. NO=not 

detected 
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4.4.3. Gross lung lesions 

[n this study, the morphology of lungs of M tuberculosis infected mice following 

treatment with TNH, AXE29, and DMSO was assessed. Treatment of infected mice was 

initiated at day I and sustained for 2 weeks. At the end of the treatment phase, lungs were 

stained for morphology. At day 14, inflammation was observed in untreated mice (Fig. 

4.4A). No difference in the extent of inflammation was observed in lungs ofAXE29 (Fig. 

4.4D) and DMSO (Fig. 4.48) treated mice when compared to the untreated mice. [n 

contrast, treatment with [NH resulted in reduce inflammation (Fig. 4.4C). No defined 

granulomas could be observed at day 14 of treatment. When lungs were stained for acid­

fast bacilli, no M tuberculosis was observed (data not shown). 

Figure 4.5. Lung morphology of C57BLl6 mice. Mice were challenged with 100CFUflung by 

aerosol inhalation. Treatment with OMSO (B), INH (C), and AXE29 (0) was initiated at day I 

and sustained for 2 weeks. Untreated group (A) was included as a control for lung morphology 

during infection with M. tuberculosis. At day 14, mice were sacrificed and lungs fixed in PBS 

butTered formalin. Tissue sections were prepared and stained with haematoxylin and eosin for 

morphology (magnification=40X). 
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