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Literature Review 

number of cases of drug-resistant TB. In some parts of South Africa one in ten cases of 

TB is resistant to the treatment (Lall and Meyer, 1999). 

~thll,)fc.drnadC',...-tf'!lt(:; • 

1ff 10l "'''''. ,lll hm,., ot 
tUb«4U( t..::>i,G. 

• u.·_. 
_~_..:14 

Fig I: The distribution of M tuberculosis in the world in 2003 (WHO, 2006) 

1.5 Tuberculosis in HIV infected patients 

1.5.1 Background 

MTB is still a problem in many countries. According to WHO estimates in 2000, one 

tllird of world population (1.8 biJIion people) is infected Witll TB, incl uding 8% of 

subjects co~infected with HIV (Dolin, 2000). The problem of co-infection concerns 

primarily poor, developing countries, where TB is common. In sub-Saharan Africa, 113 of 

patients with active TB are co-infected with HJV. In the region of west Pacific and south 

east Asia, the co-incidence of HI V and TB is less frequent than in Afric~ but according 
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Results 

3.1. Determination of M. smegmatis growth curve 

This experiment was done in order to establish mid-log phases of growth of M 

smegma/is using Bio-screen C. The log phase is important in drug susceptibility testing as 

the drug is more active against active growing organisms (which are obviously those in 

the log phase). Fig. 3.1 shows a growth curve of M smegma/is over a period of 40 hours. 

Three growth phases were observed, a lag phase (0-6 hours); an exponential phase (6-24 

hours) and stationary phase (24-36 hours). The mid log phase was observed at 16th hours 

of growth in all three experiments done on different days. At each phase of growth per 

time point (0, 16, 30 hours), 100 III of mycobacterial culture was plated out on 7H 11 agar 

in order to determine CFU/ml. It was found that in the lag phase there are 3 xl06 

CFU/ml, mid-log phase (4.8 x 108 CFU/ml) and stationary phase (3 x 109 CFU/ml) 

a I Dv 

00 

1~ 1 
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lOCO 

~800 
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= = 
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Cl 
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0.400 

0.200 
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0, 5. 10. 15. 20, 25. 30. 35. 40, 45. 
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Msrregrrats wlhorganic soNents Fri Mar 03 20C616.x~ I No of reol!:ates; 3 

Fig. 3.1: A standard growth curve of M smegmatis 
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Results 

3.2. M. smegmatis growth curve with organic solvents 

M smegmatis was grown with three different solvents, namely: DMSO, Methanol and 

Acetone. This experiment was carried out in order to compare the effects of each solvent 

on the growth rate of M smegmatis. All solvents were tested at 1.25% v/v concentration. 

It was found that all solvents had less than 10% inhibition on the growth of M smegmatis 

as shown in fig. 3.2. DMSO was chosen because extracts are readily solubility and its 

good quality solvent properties. 

0 " IODvams 

00 
1.400r , 

1200 

1.COO t------- --

~800 
E 
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0.400 

v~ra9 Ju , I • plica _ 

-Wells1~15 1 
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0.2OO t--------:~-----------------------

I Time 
O. 5. 10. 15. 20. 25. 3ll. 35. 40. 45. 
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I Wei nuniJer 3 Ex irert oarre 

Msrregrretls wih organk: solvents Fri Mar 03 2000 16.xls I It of reti:ates: 3 .!Ir lIE (roors l 3 

Fig. 3.2: Determination of the effects of different solvents tested at 1.25% concentration (v/v). Well 13-15: 

M smegmatis with DMSO; 31-33: M smegmatis with methanol; 52-54: M smegmatis with acetone; 55-57: 

Msmegmatis with rifampicin; 58-60: M smegmatis bacterial culture only; 61-63: Medium only 
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Results 

3.2.1. Dose response curve of M. smegmatis with DMSO 

M smegmatis was grown with varying concentrations of DMSO. A dose response curve 

was detennined by plotting 00600 values at 16th hour of M smegmatis growth against 

each corresponding concentration. The percentage inhibition was calculated by 

comparing the 00600 values of each concentration at the 16th hour of growth relative to 

the 00600 values of the untreated cells. Each concentration was prepared in triplicate and 

two experiments were performed. Fig. 3.2.1 shows that 1.25% OMSO inhibited less than 

10% and 0.625% v/v did not inhibit the growth of M smegmatis 

0.7 
0.6 

m 0.5 ----
::l 0.4 -tIS 
> 0.3 
8 0.2 

0.1 -

0 
o 0.313 0.625 1.25 2.5 5 10 j 

_ _ __ Concentration (._v_/v_) _ ___ _ _ _ ~ 

Fig. 3.2.1: A dose response curve of M. smegmatis with DMSO at different concentrations ranging from O­

J 0 % concentration. 

3.3. M. smegmatis with controls 

1n a series of experiments with rifampicin, it was foun d that rifampicin at a concentration 

of 6.25 J!g/ml has more than 90% growth inh ibition against M smegmatis. Based on the 
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Results 

results of section 3.2.1, we decided to use 1 % DMSO in subsequent tests. Here we show 

that 1 % DMSO does not significantly affect the growth of M smegmatis (Fig 3.3). Since 

all extracts were possibly dissolved in :51 % DMSO, then, 1 % DMSO was chosen as a 

control of the solvent effect on the growth of M. smegmatis. In all assays performed, four 

controls were used. These controls includes: ri fampicin (6.25 Ilglml) as a positive control, 

mycobacterial culture without any inhibitor as a negative control, 1% DMSO as a 

measure of the efTects of DMSO in the extracts/compounds as they contained :51 % of 

DMSO and medium only in which the mycobacteria have been grown and diluted, to see 

ifthere is any contamination. Fig.3.3 represents three experiments done in different days, 

each done in triplicate. It is clear fro m the graph that 1 % DMSO has very little effect on 

the growth of M. smegmatis 
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Fig. 3.3: A growth curve of M. smegmatis with controls used in the primary screen. Wells 13-15: M 

smegmatis without any inhibitor, wells 55-57: M. smegmatis with rifampicin (6.25 /lglml), wells 58-60: M 

smegmatis with 1 % DMSO and wells 61-63: medium only. Results are presented as a mean of three 

readings with standard deviation as the error bars 
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3.4. Primary screen of pant extracts, eCS and synthetic 

compounds against M. smegmatis using Bioscreen C 

3.4.1. Plant extracts 

All plant extracts containing 1 % DMSO solvent were screened at 1 mg/m!. Out of 110 

plant extracts, only 2 extracts showed 40% or more inhibition (P0230 I band P04495b) 

and others showed less than 20% inhibition. Plant extracts wi th 40% or more inhibition 

were regarded as "hits' and were further screened against M tuberculosis. Fig. 3.4.1 . 1 

shows only plant extracts with 40% or more inhibition and the one that appeared to 

stimulated growth of M smegmatis. The experiment was performed 3 times on separate 

days, each in tripl icate. The results are a mean of the three experiments with standard 

deviation as a mean of the three experiments . 
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Fig. 3.4.1.1: Growth curve of M smegmatis with most active crude plant extracts at 1mg/ml. Wells: (13-

L5):P04495b; (25-27): P02301 b; (31-33): M. smegmatis culture without any inhibitor; (34-36): M 

smegmatis culture with rifampicin (6.25 flg/ml); (37-39): M smegmatis culture with 1% DMSO, (40-42): 

Medium only. 
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The percentage growth inhibition of M smegma/is in the presence of P0230 1 b and 

P04495b was 42% and 66%, respectively (F ig 3.4.1.2) as was detennined using 

Bioscreen C method. The percentage growth was calculated relative to the M smegma/is 

culture growth without any inhibitor on the 16th hour of growth. 
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.c 100% -~ 
0 80% l-

e» 
Q) 60% e» 
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Fig. 3.4.1.2: A percentage growth of M smegmatis on the 16th hour of growth with two extracts that 

showed inhibition in a Bioscreen C. The results are a mean of three experiments with standard deviation as 

error bars. 

3.4.2. Colloidal silver 

Colloidal silver was tested at various concentra60ns ranging from 0- 4 ppm. 1n this study, 

coJloidal silver inhibited more than 90% growth of M smegmalis between 2 and 4 ppm. 

The percentage growth was calculated for each concentration relative to the uninhibited 
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organism at one time point (l6th hour) of growth. Colloidal silver was further tested 

against M tuberculosis (see section 3.5.2). Fig. 3.4.2. shows percentage growth of M 

smegmatis with colloidal silver at different concentrations (ppm). Results show a mean of 

three experiments with standard deviation as error bars. 

- ------ - --- -

1200/0 -,----------------------------., 
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1 e 
C) 
Q) 
C) 

S 
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200/0 

o 0.06 0.13 0.25 0.5 1 2 

Colloidal silver cone (ppm) 

Fig. 3.4 . .2: The percentage growth of M. smegma/is with various concentrations of colloidal silver. 

3.4.3. Synthetic compounds 

4 

AJI the synthetic compounds were screened at an initial concentration of 10 Ilg/ml. M 

smegmslis culture (untreated cells) showed a normal growth pattern, lag, Jog and 

stationery phases. M smegmatis cells treated with 1 % DMSO showed a sim ilar growth 
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pattern (Fig. 3.4.3.1). As was expected rifampicin (at MlC, 6.25 Ilg/ml) showed more 

than 90% inhibition of M smegma/is growth (Fig. 3.4.3.2). Compounds that showed 

significant inhibition when compared to the untreated cells are presented in (Fig. 3.4.3.1) 

and those (other 32 compounds) that did not inh ibit the M smegmatis grovvth are not 

presented. All four compounds showed different degrees of inhibition against M 

smegamlis as shown in the figure below 

0 " IODvaw 
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_ 1: 
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o 
o 

0.400 t--------rr-
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- Wells 136· 
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- Wells 139· 
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5. 10. 15. 50. Time 

Fig. 3.43.1: A sample of 4 synthetic compounds that showed most inhibition screened against M. 

smegmatis and four controls. Wells (13-15): F952; wells (19-21): FI052; wells (58-60): F37; wells (85-87): 

FI082; wells (109-11 1): M. smegmatis with rifampicin (6.25 J!g/ml); wells (133-135): M. smegma tis 

culture; wells (136-138): M. smegma tis with 1 % DMSO; wells (139-141), 7H9 only .. ). 
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Effects of the different compounds on the growth of M. smegmatis were compared on the 

16th hour. Percentage of growth was calculated by comparing the OD6oo of the untreated 

cells with treated at one time point [16th hour of growth] (Fig. 3.4.3.2). Compounds F952, 

F 1052, F37 and F 1 082 showed 55%, 40%, 45% and 38% inhibition, respectively when 

compared to the untreated cells (Fig. 3.4.3.2). These four compounds were regarded as 

"hits" and were further screened against M. tuberculosis (see section 3.5.3). 
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Fig. 3.4.3.2: The percentage growth of M smegmatis with the four "hit" compounds and controls. All these 

compounds were tested at a concentration of 10 IJ.glml. Three different experiments were performed on 

separate days with standard deviation as error bars ofthe three experiments. 
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3.5. Secondary screen of plant extracts, eCS and synthetic 

compounds against M. tuberculosis using BACTEC 460 

3.5.1 Extracts screened against M. tuberculosis 

Three plant extracts were screened against M tuberculosis using BACTEC 460 system at 

the same concentration (l mglml) as in the primary screen. Fig 3.5.1.] shows the neat 

(untreated cells) with normal growth curve as opposed to Rif (2 IlglmJ) which showed no 

growth. Extracts P04495B showed little inhibition when compared to the neat, and 

P02301B showed 99% or more inhibition when compared to the 1:100 controls, as this 

represents only 1 % of bacterial growth. 

Fig. 3.5.1.1: The growth curves of M. tuberculosis with extracts over a period of ten days. The controls 

used are a neat (M tuberculosis culture only); M tuberculosis with Rif(rifampicin, 2f.1g1ml) and l /lO0: (M 

tuberculosis culture diluted in 1 :100). 
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The effects of the two extracts that showed inhibi tion were represented as percentage 

growth in Fig 3.5.1.2. The percentage growth was calculated relative to the neat 

(untreated cells) and percentages of growth were plotted on the graph below. 
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F ig. 3.5.1.2: The percentage growth of M tuberculosis with the nvo potential inhibitor extracts . The neat 

(M. tuberculosis cuJture only), III 00 (M. tuberculosis culture diluted 1; 100), M. tubeculosis culture with 

Rif (rifampicin, 2/!glml) 

3.5.2. Colloidal silver screened against M. tuberculosis 

The possible high concentration of colloidal silver to be tested was 0.7 ppm, this was 

because of the high initial concentration requirement for the BACTEC 460 system. Fig 

3.5.2 shows that the eCS did not inhibit the growth of M tuberculosis when compared to 
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the neat. The results are a mean of two experiments, each perfonned in duplicate. At this 

concentration there was no inhibition on the growth of M tuberculosis. 
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Fig. 3.5.2: The growth curve of M. tuberculosis with colloidal silver with results interpreted over ten days. 

Neat (M. tuberculosis culture only), 111 00 (M. tuberculosis culture diluted 1: 1 00), M. tuberculosis culture 

with Rif(ri farnpicin, 2Ilglml), M. tuberculosis culture with eCS (Electro-colloidal silver). 

Table 1: A summary of percentages growth of M. tuberculosis with extracts, colloidal silver and controls 

over ten days. ln each day percentage growth was calculated relative to the neat (M. tuberculosis culture 

only). 

Days Neat 11100 Rif eCS P02301B P04495B 

1 100% 4% 19% 77% 27% 73% 

2 100% 1% 2% 78% 2% 76% 

3 100% 1% 1% 82% 1% 77% 

4 100% 0% 0% 89% 0% 83% 

5 100% 1% 0% 95% 0% 84% 

6 100% 1% 0% 105% 0% 90% 

7 100% 2% 0% 105% 1% 93% 

8 100% 3% 0% 98% 1% 91% 

9 100% 7% 0% 120% 2% 104% 

10 100% 13% 0% 126% 4% 13 1% 
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3.5.3. Synthetic compounds screened against M. tuberculosis 

AJ I "hit" compounds were screened against M tuberculosis at 10 /lg/ml using the 

BACTEC 460 system. The readings were taken on daily basis and the experiment was 

stopped on the tenth day. Figure 3.5.3.1 illustrates the growth curves of M tuberculosis 

with the four ".bit" compounds. All four compounds showed varying degrees of 

inhibition on the growth of M tuberculosis. F37, F I052, F952 and F I082 showed (14%, 

47%, 48% and 99% inhibition respectively) when the percentages of growth were 

calculated relative to the neat (Fig 3.5.3.2). 
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Fig. 3.5.3.1: Tbe growth curves of M. tuberculosis with synthetic compounds in a period of ten days . Neat 

(M. tuberculosis culture only), 111 00 (M. tuberculosis culture diluted 1:100), M. tuberculosis culture with 

Rif(rifampicin,21lg/ml). 
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Fig. 3.5.3.2 : The percentage growth of M. tuberculosis with synthetic compounds in a period often days. 

Neat (M. tuberculosis culture only), LlIOO (M. tuberculosis culture diluted I: 1 00), M. tuberculosis culture 

with Rif (rifampicin, 2flg/ml). 

Table 2: A summary of percentages of growth of M. tuberculosis with synthetic compounds over ten days 

period. In each day percentage growth was calculated relative to the neat (bacterial culture only) 

Days Neat 11100 Rif F952 FI082 F37 F1052 

1 100% 4% 19% 11% 15% 13% 14% 

2 100% 1% 2% 64% 21% 90% 81% 

3 100% 1% 1% 23% 14% 85% 64% 

4 100% 0% 0% 31% 10% 91% 60% 

5 100% 1% 0% 40% 6% 84% 56% 

6 100% 1% 0% 48% 4% 90% 57% 

7 100% 2% 0% 52% 2% 86% 53% 

8 100% 3% 0% 65% 1% 95% 59% 

9 100% 7% 0% 95% 1% 96% 77% 

10 100% 13% 0% 112% 1% 126% 104% 
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3.6. Determination of minimal inhibitory concentration (MIC) of 

F1082 synthetic compound. 

The MIC was performed from the synthetic compound that showed most inhibition 

agajnst M tuberculosis. The compound (F 1 082) was tested at concentrations ranging 

from 2 to 10 !lg/ml against M tuberculosis using BACTEC 460 system. The results are 

shown in figure 3.6. The MIC was determined to be 8 !lg/m l, which inhibited 99% 

growth of M tuberculosis. 
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Fig. 3.6: The growth curve of M. tuberculosis at various concentrations of F1082 in a period often days. 
Neat (M. tuberculosis culture only), 11100 (M. tuberculosis culture diluted I: J 00), M. tuberculosis culture 
with Rif (rifampicin, 2Ilglml). 
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Table 3: The effects of F1082 at various concentrations on selected Gram n"",ithT" and Gram nell'athre 

bacteria. 

K. vneum,onllle B. cereus 



Univ
ers

ity
 of

 C
ap

e T
ow

n

were 

4 

Table 4: The control and the MIC's used for the PYr",ri'mp'l'It 



Univ
ers

ity
 of

 C
ap

e T
ow

n
.. .. 
I I 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 

to 

a """,r ... ,nn 

to '''''''",",U'''Jll''' 

use a 

were 

ClTr.UTI'" curve. 

IS 

L/'L"U;"V on 

not 

we 

to 

most 

was to 

51 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to is was 

u"",,,,"vvu.,,u. versus 

1 

extracts were on some 

......... ,.v ........... "" .. " .. '''. it is .n'!'''''''''''''.n" to note 

IS 

..... ,"''''' .... as our test 

an eXImI1PIe to 

a 

et 

extracts 

rUllerCUI'OS,IS were not as pn:~al,ctl've: 

most 



Univ
ers

ity
 of

 C
ap

e T
ow

n

at same COilcentr.atl()fl was 

screen 

treatment. 

two ""Vi .............. , ..... t'" 

extracts were to 

4 n ......... >..,,, screen 

mtnbltolrs were screerled ""6';""'''' 

",1'10,.\"'1,,·/1 some ...... " .. ", ... 

same COltlC~mtlratJIOn as screen 

was a 

2 

was never sClientH 

to test it at 

was no .. ~uv, ..... ,.. "J" ........... no tiU'oth,,· .. tests were 



Univ
ers

ity
 of

 C
ap

e T
ow

n

on to two 

case 

intection to .... .,''''"''''''. 

cm;toIDS, some 

we 

to 

a 

recent 

use to 

to "n1',1'1"n 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1. 

8. R 1). 
treatment 

1 

11. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

PO 7 

17. 

18. 

resistance to ammoglycmaoe antllOl0ttCS 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

is 

31. 

c 

c 



Univ
ers

ity
 of

 C
ap

e T
ow

n

51. test. 

(l 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

....... ,lV""" treatment 



Univ
ers

ity
 of

 C
ap

e T
ow

n

81. KaS:tOggl 

5 

91. 

Res,istance to 



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

11, 

1 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 

1 




