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Range in rates /100 000 

0 < 10 

10 - 24 

• 25- 50 

• 50 - 99 

• 100 - 500 

• > 500 

Figure 1.1: Estimated tuberculosis incidence rates during the year 1999 as supplie(. .,y 

the WHO. The increase in the HIV status might increase these rates by 5-10%. 

Source: WHO TB report, 2001 

In infected but healthy individuals, the TB bacteria are kept donnant by the host's 

immune system. The use of immunosuppressive therapies and the immunosuppressive 

diseases increase the risk of developing tuberculosis in infected persons. However, 

tuberculosis occurring among such immunocompromised persons contributes very little 

to the incidence of tuberculosis. The epidemic of infection with human 

immunodeficiency virus (HIV) is not only an exception to this case, but proves the 

opposite to be correct. The relative effect of immunosuppression on the incidence of TB 

has changed due to the HIV epidemic. It is now well established that infection with HIV 

is the most potent factor promoting the development of TB in individuals infected with 

M. tuberculosis [12, 13]. 

1.1.2 Tuberculosis and human immunodeficiency virus 

M. tuberculosis exists in the lungs of a number of infected but healthy people for years. 

This is kept donnant in the macrophages that are immediately activated when the initial 

infection occurs [14]. When the immunity of the person is compromised due to a certain 

reason the macrophage activation no longer contains the mycobacteria and the bacilli 
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Range in rates flOO 000 

• 0.1 - 0.9 

• 1.0 - 9.9 

• 10 -99 

• 100 - 249 

• ~ 250 

0 No estimate 

Figure 1.2: The estimated rate of tuberculosis and HIV co-infection in 1999 as 

estimated by the WHO. Source: WHO TB report, 2001 

Active tuberculosis in HIV-infected subjects is associated with a significant accentuation 

in HN-related immunodeficiency and mortality [12, 13, 15, 17, 18]. This further poses 

another threat to human health, as the two pathogens seem to be synergistic to each 

other [15]. Although the mechanism of this synergy is not clearly understood, in clinical 

terms the effects of this synergy could soon be the major killer-duo in all human life. 

Figure 1.3 on page 6 summarises the incidences of HIV cases, tuberculosis cases, and 

those of HN jtuberculosis co-infection, as outlined by the WHO in the 1999 report [19]. 

In most developing countries the incidences are on the rise due to either socio-political 

matters or due to inadequate health facilities. 
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Figure 1.5:Incidence rates per 100000 population in 1997 in South Africa 

Source: National Health Office in Pretoria 

Although the African population has the highest overall incidence, the Western Cape has 

a high and increasing risk of TB among the coloured community [74]. Among the age 

groups, the high incidences of active TB are seen in young adults up to old age 

(>15years) [11]. These statistics suggest a high notification rate among females below the 

age of 24 years. The notification rates of males are higher than those of females from the 

age of 25 upward, as shown in Figure 1.6 below. It should be noted that this population 

of males constitutes most of the labour force of the country, and its economic impact is 

therefore high. 

% notlBcatloD rat •• of TB among 
South Afrlcao male. ID 1999 

16.4% 
14.10/0 0.3% 

0/0 
18.2% 

20.5% 
2:5.2% 

. 0-14 

. 15-24 

025-34 

035-44 

.45-:54 

055-64 

. os+ 

0/0 notlBcation ratn of TB among 
South Afrlcan f.mal •• ID 1999 

22% 

Figure 1.6: Percentage incidences of smear-positive rates of tuberculosis 

in South Africa by age and gender during the year 1999. 

Source: WHO 2001[19] 

. 0-14 

. 15-24 

025-34 

03~ 

.45-54 

055-64 

. 6:5+ 

Another high-risk group of TB infection in South Africa are the miners [76, 77]. The gold 

mining industry is one of South Africa's largest employers. An average of 300 000 men 

are employed by this industry [76]. TB has long been recognised as an important health 

hazard in the mining industry since the early 1900s. The incidence of pulmonary 

17 
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-"-"' ....................... The first fractionation process of the dichloromethane extract of 

Fraction 

Hexane Acetate Methanol 

Shefl 100 0 0 

i Shef2 90 10 0 

i Shef3 90 10 0 

I Shef3B 90 10 0 

Shef4 50 50 0 

I Shef5 50 50 0 

. Shef6 25 75 0 

[ 0 100 0 

! Shef8 0 90 10 

/ Shef9 0 50 50 

Shef9B 0 50 50 

a 0 

Table 2.2: The second fractionation process of the 

dichloromethane extract of A. on column cb.rolrna.tol~aLpll 

Hexane: 

Cl 75 25 

C2 75 25 

C3 75 25 

C4 75 25 

C5 75 25 

C6 75 25 

C7 70 30 

C8 65 35 

C9 60 40 

CIO 50 50 

Cll 50 50 

C12 100 0 
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University of Cape Town

Botanical 

Aviaceae 

Alliaceae 

~!~~~~~~ __________ ~~~~~~~:As~tteraceae 

The Role of Traditional Healers in the Control and 
~~~'-"'-'. Plants used in the treatment of tuberculosis in South Africa. 

reaunent of Tuberculosis 

Vernacular names 

uz.a snake bite 114 

thazo, Iqwili, kalmoes 

115 
msinl!a-Iwesalukazi 

u, Rooiwortel 114 
115 

da 

115 

115 
intestinal cramp, lice infestation, rash, renal ailment, I 

convulsIOn, cough, delivery ot placenta, fever, gall bladder disorders, headache, 115 

fever, inflammation,. uterine 
om 120 

Bark bscess, acne, backache, blood purifier, chest complaint. coueh. diarrhea, disinfectant, 
~~~--~ 

120 
intema1 

120 
120 
120 
120 

ladder infection,. blood 
iarrhea, eye 

ofula, sore throat, urinary 
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The Role of Traditional Healers in the Control and Treatment of Tuberculosis 

............ u ..... Plants used in the treatment of tuberculosis in South Africa. (Continued) 

Botanical names Famil Vemacular names Reference: 
<Leav.es< 

Rubiaceae sicimamlilo, setima-mollo, wild verbena 120 
Bark 

115 
Leaves 

120 
Leaves 

Leaves 115 
Bark cohol abuse, acne, colic, diarrhea, heartburn, 

. flammation, nervous heart condition, nausea, nervous symptom, nosebleed, 
welline:. tropical ulcer 115 

115 
Laves 

115 
Bark stimulant, chest colic, 

bite, stomach ailment, ta eworrn 120 
Bark enorrhoea, cold, diarrhea, emetic, fever, headache, indigestion, increase 

120 
Leaves \Boil, bronchitis, chest complaint, cold, colic, coue:h, dene:ue fever, diarrhea, 

tion, nausea, 
!respiratorv ailment. rheumatism, stomach ailment. sweUine: of lee:s, sore throat 115 

anellaceae sibhara, isibaha 120 
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0.2 
0.6 
0.9· 

0.1 
0.1 
0.2 

Combination 3 

0.5 

0.7 

1.5 

2.8 

0.9 

0.6 

1.1 

0.5 

0.3 

0.3 

1.1 

"."14"" ......... Extract 
The Role of Traditional Healers in the Control and Treatment of Tuberculosis 

of Dlants usine: different solvent systems. 

iBotanical Name Extract 
Yield Igi Yield {%l 

3. 8120 0.3 4.6 
11. IE. natalensis 812M 0.3 6.4 , 

1.9 
49. 

2. 
O. 
8. 

S12W '0.4 19.7 

isl3D 0.2 3.4 

WIant from Home 1s13M 0.2 4.6 

0.8 

0.1 

0.2 
O. S13W 0.3 14.8 

0.3 
S140 0.1 2.0 

. reuoluta 1s14M 2.1 42.1 

1s14W 0.5 25.0 

1s150 0.1 1.6 

Ic. m "",.,n/<>" "i" ~15M 2.0 39.2 

1s15W 0.3 15.0. 

8160 1.1 22.0 

C. tomentosa 816M 2.2 45.2 

1s16W 0.2 10.0 2.9 

1s170 0.1 0.2 0.1 

e. capensis 1s17M 0.2 3.3 

1s17W 0.1 3.6 

S260 2.0 

iTshetsha S26M 1.2 

18180 0.1 1.9 
(Vernacular 

S26W I 0.4 I 
S. cordatum 1s18M 1.2 24.2 

1s18W 0.3 12.3 

18190 0.1 0.4 

1K. africana 1s19M 1.9 39.3 

S19W 0.1 3.6 
-

18200 2.9 58.2 
S. uetJ-uvpl.ulS 

1s20M 0.3 6.4 

1s20W 0.8 40.1 

38.4 

40.0 

1.9 

2.6 

12.3 

3.6 

39.2 

24.2 

19.7 
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Table 3,3: PhytlC)cltlellllllcal ... """u,.,:u .. of "' ... , ....... 

+++ +++ 

++ S. aculestrum + 

C. tomentosa + S. + 

E. ++ ++ S. cordatum + ++ 

K. Combination 3 + ++ 

. L. ++ T . + 

O. europea ++ ++ P. 

P. +++ + 

Indicates the presence of the CUWIJUIU11J.5. indicates absence 

an 

were 
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4.2 RESULTS 

4.2.1 Antimycobacterial testing of crude extracts 

The firefly luciferase bioluminescence assay was used to test the extracts against M. 

aurum A+ and M. tuberculosis H37Rv, in vitro. To standardize the assay system and 

validate its use, isoniazid and rifampicin were tested against M aurum N. This was to 

reproduce the minimum inhibition concentrations of the two antimycobacterial drugs, 

as published in literature. Figure 4.1 below shows the dose-response curve of isoniazid 

and rifampicin against M. aurum A+. 

100 

90 
80 

i 70 
i 60 
a 50 

~ 40 
30 
20 
10 

D..- reap em... curve or IsoniaZeI ..... 
1L aurum 

O+---~--~--.---~--~--~ 
10" 10"' 10"2 10"' 10° 10' 102 

LOJI oonce_Uon [JIa/ml] 
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---.- 2'4 Hours 

110 

100 
go 

80 

I : 
40 

30 

30 

10 

RIfampicin agatu.t JfI. alU1UR 

10·' 10· 10' 10' 

Loa eo._batfOli ...,ml] 

Figure 4.1: Dose-response effect of isoniazid and rifampicin against M. aurum A+ over 

24 and 48 holUs, respectively. Results are presented as a mean of two readings with 

the standard deviation as the error bars. 

The minimum inhibitory concentration (MIC) value of isoniazid (INH) against M. aurum 

A+ was 0.02 ).lg/ml and that of rifampicin was 0.15 !lg/ml when tested at 48 hours. 

Higher values in each case were obtained when the test was done over 24 hours. The 

graphs in Figure 4.1 show that the firefly luciferase bioluminescence assay produces the 

known minimum inhibitory concentration (MIC) values of the two drugs. Based on these 

results, the assay system was used to test the plant extracts. The plant extracts were 

assayed against M. aurum A+, in vitro, at 200 ).lg/ml concentrations. This was to identifY 

those extracts that were antimycobacterial at this concentration. Figures 4.2 to 4.5 

(pages 64 - 66) show the graphs of the various extracts tested against M. aurum A+. 

63 



Univ
ers

ity
 of

 C
ap

e T
ow

n

125 

100 

1 75 
t 
.I 
f. :50 

25 

o 

125 

100 

1 75 
'E 
j 
;I. 50 

25 

Comparative Antimycobacterial and Cytotoxicity Activity of Artemisia afra 

125,----------------------------------. 

..... -

ti 

i 
~ 
" o 

--

100 

~ 75 

i 
f. 50 

25 

-- -

125r----------------------------------, 

] 
c 
8 

100 

1 75 
'E 
cit 
;I. 50 

25 

Figure 4.2: Methanol extracts tested against M. aurum A+ at 200 ,..g/ml for 48 hours. 

The extracts were dissolved in 100 J.Il of methanol and made up to 1.0 ml in medium. 

The effect of methanol on M. aurum was tested at concentrations equal to those of the 

solutions with extracts. Results are presented as a mean of two readings with the 

standard deviation as the error bars. 

-~ 
g 
d 

8 

Each of the extracts was considered arbitrarily to be active when the percentage survival 

of 75% or less was demonstrated against M. aurum A+. 

The methanol extract of O. europeae tested against M. aurum A+ had the highest activity, 

with percentage survival of 65.0 ±2.8%. Other active extracts were C. transvaalensis 

(71.5 ± 4.7%), A. sativum (72.3 ± 2.9%) and A. fruticosa (75.0 ± 2.7%). 

64 



Univ
ers

ity
 of

 C
ap

e T
ow

n

'iI .e 
t 
I 
i. 

1 
"E 
:s 
III 
i/. 

Comparative Antimycobacterial and Cytotoxicity Activity of Artemisia afra 

125 

100 

75 

50 

25 

0 '---- - - - '----

ti 

125 

lOa 

75 

50 

25 

0- gl- e-."'-E--"-- ~ 
8 ~ ~ 2 ;:l .;l 
.- .;l " ;:l .§ '" 
~ as ~ 0 : m 
~., s ~ d 

..: il sU 
...: ]:~ I;b 

ui 0.: 

T 

'-- -

- ~ 
c 
8 

125~-------------------------------r 

100 

25 

125~---------------------~ 

100 

1 75 
"E 
.i 
i/. 50 

25 

Figure 4.3: Dichloromethane extracts tested against M. aurum A+ at 200 I-!g/ml for 48 

hoUl."s. The extracts were dissolved in 100 !-t1 of methanol and made up to 1.0 ml in 

medium. The effect of methanol on M. aurum A+ was tested at concentrations equal to 

those of the solutions with extracts. Results are presented as a mean of two readings 

with the standard deviation as the error bars. 

Each of the extracts was considered arbitrarily to be active when the percentage survival 

of 75% or less was demonstrated against M. aurnm A+. 

Of all the dichloromethane extracts tested, A. afra exhibited the highest activity against 

M. aurnm A+ with percentage survival of 58.6 ± 7.6%. Other active dichloromethane 

extracts were S. cordatum (67.8 ± 5.5%), T. riparia (69.6 ± 4.5%), C. transvaalensis (69.8 

± 7.5%) and A sativum (69.9 ± 2.7J. 
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Figure 4.4: Water extracts tested against M. aurum A+ at concentrations of 200 JAg/mI. 

Dissolving in media and using the firefly luclferase bioluminescence assay over a 48-hoUl' 

incubation period tested the extracts. 

-

Each of the extracts was considered arbitrarily to be active when the percentage survival 

of 75% or less was demonstrated against M. aurum A+. All the water extracts were not 

active against M, aurum A +. 

The combinations of plants as they are prescribed by traditional healers were tested 

against M, aurum A+ at 200 f..Ig/ml. The extracts were tested to investigate any possibility 

of synergistic effect between the plants when they are combined. The findings of the 

tests are presented in Figure 4.5 on page 67. 
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Figure 4.5: Extracts of the combination of plants tested against M. aurum A+ at 200 

lJg/ml using the f1refly luciferase bioluminescence assay. The red bars represents the 

dichloromethane extracts, the blue bars represent methanol and the purple bars 

represent water extracts. Results are presented as a mean of two readings with the 

standard deviation as the error bars. 

Each of the extracts was considered arbitrarily to be active when the percentage survival 

of 75% or less was demonstrated against M. aurum A+. The activity against M. aurum A+ 

of combinations of extracts of certain plants showed that the dichloromethane extract of 

Combination 1 had the highest activity (percentage survival of 62.8 ± 4.5%). 

Table 4.1: % Survival of M. aurum A+ against active plant extracts. The extracts were 

tested at 200 JJg/ml. No water extracts showed any activity at the tested concentration. 

Dichloromethane Extracts Methanol extracts 

Plant % Survival Plant % Survival 

A. sativum 69.9 ± 2.7 A. sativum 72.3 ± 2.9 

A. afra 58.6 ± 7.6 A. fruticosa 75.0 ± 2.7 

C. transvaalensis 69.9 ± 7.5 C. transvaalensis 71.5 ± 4.7 

Combination 1 62.9 ± 4.5 Combination 1 72.5 ± 1.3 

S. cordatum 67.9 ± 4.6 Combination 3 68.0 ± 5.9 

T. riparia 69.7 ± 4.5 0. europeae 65.0 ± 2.8 

There was no activity observed from the water extracts. There were a number of active 

extracts from the methanol and dichloromethane extracts. The dichloromethane extract 

of A. afra was the most active, with percentage survival of 58.6%. Combination 1, which 

had A. afra as one of the plants, had a 62% survival of M. aurum A+. 
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4.2.2 Cytotoxicity testing of crude extracts 

The plants were tested for cytotoxicity against the Chinese hamster ovarian cell lines. 

Their ability to kill these cells is an indication of their ability to cause damage to human 

cells. Figure 4.6 below shows the activities of the crude extracts against Chinese 

hamster ovarian cell lines. 
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Figure 4.6: Crude dlchloromethane extracts of plants tested against Chinese hamster ovarian cell 

lines over 48-hour Incubation period. Extracts were tested at concentrations of 200 ~/ml. 

Cytotoxicity was rated on percentage survival of 50 or more. The cytotoxicity was tested using the 

MTT assay. Results are presented as a mean of four readings with the standard deviation as the 

error bars. 
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The activity of these extracts was assumed arbitrarily to be significant if there was a 

percentage survival of 75% of the cells or less. Figure 4.6 shows most of the 
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dichloromethane extracts to be cytotoxic to the Chinese hamster ovarian cell lines, with 

Combination 3 having the highest activity (percentage inhibition of 91.5 ± 1.1%). Table 

4.2 below summarises the results presented in Figure 4.6 showing the cytotoxic 

extracts. 

Table 4.2: Sum.mary of the results of Figure 4.6. The table shows the activity of 

dichloromethane extracts against Chinese hamster ovarian cell lines. Percentage 

survival was determined according to the formula: Percentage survival = (ATP of 

controll ATP of test) 100. Results are presented as a mean of four readings with the 

standard deviation 

Exbact Percentage survival 

Combination 3 7.5 1.1 

E. natalensis 12.0 5.4% 

C. tomentosa 12.4 6.5% 

C. gratissimus 12.5 0 

O. europeae 13.4 1.8% 

L. ocymfolius 28.1 1.9% 

A. amatymbica 32.0 5.6% 

P. viridijlorum 39.0 1.0% 

P. prunelloides 42.6 2.9% 

L. revolute 45.8 2.9% 

K. africana 52.0 7.2% 

S. aculestrum 61.1 4.3% 

S. aethiopicus 61.5 0.5% 

A. afra 71.5 2.6% 

S. henningsii 73.2 7.0% 

C. sativa 73.2 1.6% 

Methanol extracts were also tested against Chinese hamster ovanan cell lines. The 

results are presented in Figure 4.7. 
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Figure 4.7: Crude methanol extracts of plants tested against Chinese hamster ovarian 

cell lines over 48-hoUI incubation period. Extracts were tested at concentration of 200 

~/ml. Cytotoxicity was determined as % suzvival of 50 or more, using the MTT assay. 

Results are presented as a mean of fOUI readings with the standard deviation as the 

error bars. 

iii :II! 

Similarly to the dichloromethane extracts, the activity of the methanol extracts was 

assumed arbitrarily to be significant if there was a percentage survival of 75% of the 

cells or less. Most extracts showed low toxicity levels to the Chinese hamster ovarian 

cells. The extracts of C. gratissimus and P. viridijZorum had the highest cytotoxicity, with 

percentage survivals of 11.9 ± 3.4% and 13.6 ± 3.3%, respectively. The values for the 

inhibition levels for the methanol extracts are shown in table 4.3 on page 71. 
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Table 4.3: Summary of the results of figure 4.7. The table shows the active 

methanol extracts against Chinese hamster ovarian cell lines. Percentage 

survival was obtained with the formula: Percentage survival = (ATP of 

control/ ATP of test) 100. Results are presented as a mean of four readings 

with the standard deviation as the error bars. 

C. gratissimus 11.9 3.4% 

P. uiridiflorum 13.6 3.3% 

A. sativum 39.3 8.9% 

T. riparia 39.4 5.7% 

C. sativa 42.7 4.3% 

E. capensis 45.8 3.2% 

C. transvaalensis 46.9 4.1% 

S. aethiopicus 57.5 6.8% 

P. prunelloides 61.6 4.9% 

L. revolute 67.1 2.6% 

Tshetsha 74.3 1.3% 

S. henningsii 74.3 11.9% 

The methanol extracts were tested against Chinese hamster ovarian cells in a similar 

manner to the dichloromethane and methanol extracts. The water extracts results are 

shown in figure 4.8 below. As shown in the figure, all the water extracts did not exhibit 

any cytotoxic activity to the cell lines. 
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Figure 4.8: Crude water extracts tested against Chinese hamster ovarian cell lines over 

48-hour incubation period, in a concentration of 200 pg/ml. Cytotoxicity was rated as 

percentage survival of 50 or more, using the MTT assay. Results are presented as the 

mean of four readings with standard deviation as the error bars. 

This figure shows the water extracts of plants tested for cytotoxicity against Chinese 

hamster ovarian cell lines. The activity of the water extracts was assumed arbitrarily to 

be significant if there was a percentage survival of 75% of the cells, or less. The water 

extracts did not exhibit meaningful activity against the cell lines. The most active extract 

was P. prunelloides with percentage survival of 70.1 ± 10.8%. 

4.2.3 Antimycobacterial testing of isolates of A. afra 

Crude dichloromethane extracts of A. afra showed the most potent activity against M. 

aurum A+ when tested at a fixed dose of 200 /lgjml, as shown in Figure 4.3 on page 65. 

Further antimycobacterial investigations of the extract were conducted in an attempt to 

isolate the active entity. To find the dose response effect of the extract, it was tested at 

varying concentrations from 62.5 /lgjml to 1mgjml against M. aurum A+ andM. 

tuberculosis H37Rv. Figure 4.9 on page 73 shows the dose response curve of the extract 

when tested against both the M aurum A+ and M. tuberculosis H37Rv. 
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Figure 4.9: Dose-response effect of dichloromethane extract of A. afra against M. 

tuberculosis H37Rv and M. aurumA+. M. tuberculosis H37Rv was tested over 7 days and 

M. aurum was tested over 48 hours using the fuefly luciferase bioluminescence assay. 

Results are presented as a mean of three readings with the standard deviation as the 

error bars. 

The dichloromethane extract of A. afra had similar activity against M. tuberculosis H37Rv 

and M. aumm A+, when tested in vitro using the flrefly luciferase bioluminescence assay. 

The extract showed significant similarities in activity between M. aumm A+ and M. 

tuberculosis H37Rv, with leso of 270 !Jgjml and 290 !Jgjml, respectively. 

The activity of the crude dichloromethane extract of A. afra against mycobacteria gave 

rise to the further question of selectivity. The extract was tested against a number of 

Gram-positive and Gram-negative bacterial species; namely, Klebsiella pneumoniae, 

Bacillus subtilis, Pseudomonas aemginosa, Escherichia coli and Micrococcus species. 

The doses varied from 62.5 !Jgjml to 1mgjml using the optical density determination 

assay. Figure 4.10 on page 74 shows the dose-response effect of the extract against the 

bacteria. The incubation times were different depending on the doubling time of each of 

the bacteria. From the Figure it could be seen that the extract had no activity against 

the Gram-negative bacteria tested. Activity was observed against Gram-positive bacteria, 

especially against Micrococcus species. However, the activity was significantly lower 

against Micrococcus species (IC50 == 530 j.lgjml), compared with M. aumm A+ (ICso == 270 

j.lgjml). 
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Figure 4.10: Dose-response curves of dich1oromethane extract of A. afra 

against Gram-positive and Gram-negative bacteria. The extract was tested 

over a period of 16 to 24 hoW's, depending on the doubling tiJne of the 

bacteria. The results are presented as a direct reading of growth from an 

assay performed once. 

The activity against Micrococcus suggested activity against Gram-positive bacteria, but 

the finding was inconclusive since there was no response from other Gram-positive 

bacteria. Further fractionation of the crude extract of A. afra generated ten crude 

fractions, designated Shefl through SheflO. These crude fractions were tested against 

M. aurum NTCC23366 using the optical density detennination on a spectrophotometer 

at 600nm visible light. This strain was used because of the unavailability of M. aurum A+ 

strain as this part of the study was performed in The University of Sheffield, United 

Kingdom. 
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Figure 4.11: The activities of crude fractions of the dichloromethane extract of A. afra 

tested against M. aUnlm NTCC23366 over 48 hoW's. The crude fractions were tested at 

concentrations of 50 I-JF./ m1 using the optical density determination assay system. 

Results are presented as a mean of two readings with the standard deviation as the 

error bars. 
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Fractions Shef6, Shef7and ShefB showed the highest activity with optical densities of 

0.0075 ± 0.707 xl0-3 ; 0.009; and 0.0095 ± 0.0071, respectively, with control cultures 

having an optical density of 0.0165 ± 0.0021. These optical density values corresponded 

with a total inhibition of 45.5%, 54.6% and 57.6% for Shef6, Shef7 and Shef8, 

respectively. 

After measuring the OD, the test culture of M_ aurum with 10llg/ml of isoniazid was 

immediately cultured on an agar plate in order to count colony-forming units. After a 5-

day incubation period there was no growth on the plates, suggesting that the 

concentrations of IOllg/ml of isoniazid gave a 100% sterilising effect. This was regarded 

as the control for the study. From the Figure, extrapolation assumed that the fraction 

Shef6 had a 100% inhibition of the culture at 50llg/ml. Fractions Shef6, Shef7 and 

Shef8 were pooled and further purification was conducted. 

Isolates C1 through CI0 were isolated from the pooled fractions Shef6, Shef7 and Shef8. 

The isolate C2 was tested against M. aurum NTCC23366 using the optical density 

determination test. The results of the test are shown in Figure 4.12 below. 

i 0.025 
CI 
o 
~ 0.020 

to ... 
; 0.0 

'"CI 

i 0.010 
;J 

~ 0.005 

0.000 
Con INH C2 C3 C4 C5 C6 C7 C8 C9 C10 

Fra.ct:ions 

Figure 4.12: Graph of isolates C2 through CI0 tested against M. aurum 

NTCC23366 at 5 /lg/ml concentrations. The isolates were tested using the 

optical density determination assay using spectrophotometer at 600nm 

visible light. Isolate Cl was not tested due to small quantities of the isolate. 

The results are presented as a direct reading of growth from an assay 

performed once. 

The readings in Figure 4.12 show that isolates C7 and C8 showed relative activity 

against M. aurum NTCC23366 using the optical density determination tests. Isolate C8 
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was more active than isolate C7. Since the initial tests of the crude extract on M. aurum 

A+ were done with the strain A+ and the bioassay-guided fractionation was performed 

with the NTCC23366 strain, it was necessary to test the isolates against M. aurum A+ to 

confmn the results and the activity shown against the NTCC23366 strain. The isolates 

were then tested against M. aurum A+ using the firefly luciferase bioluminescence assay. 

The results are shown in Figure 4.13 below. 
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Figure 4.13: Graph of isolates C3 through C9 tested against M. allIUm A+ at 5 ~/ml 

concentrations, using the bioluminescence firefly luciferase assay. Isolates Cl, C2, C4 

and ClO were not tested due to small quantities of the isolates available. Results are 

presented as a mean of two readings with the standard deviation as the error bars. 

Figure 4.13 confirms a correlation with the results shown in Figure 4.12 on page 75. 

The results confinn that isolates C7 and CS were exhibited inhibitory effect against M. 

aurum. Isolate C7 was later shown in Chapter 5 to be a mixture of traces of CS and 

other compounds. It was concluded that the activity of C7 was due to traces of CS. 

Isolate CS was further tested against M. aurum A+ in a dose-dependent fashion. The 

isolate was further tested against M. tuberculosis H37Rv in a manner similar to M. aurum 

A+. The aim of these tests was to find the ICso value of the isolate against the two 

mycobacteria species. Figure 4.14 on page 77 shows the activity of the isolate against 

the two strains, M. aurum A+ and M. tuberculosis H37Rv. 
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Figure 4.14: Dose-response curve of isolate C8 against M. aunun A+ and M. tuberculosis 

H37Rv, using the rll'efly luciferase bioluminescence assay. Results are presented as a 

mean of three readings with the standard deviation as the error bars. 

The responses of the two strains of mycobacteria to isolate C8 were similar. The IC50 of 

M. aurum A+ was approximately 1.9 J,lg/ml while the IC50 of M. tuberculosis H37Rv was 

IC50 of 2.0 J,lg/ml. The MIC value of C8 for each of the species was 10 J,lg/ml. 

The effects of isolate C8 on the clinical strains of M. tuberculosis are shown in Figure 

4.15 below. A total of 5 strains were selected for these tests. 
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Figure 4.15: Dose-response curves of sesquiterpenes of C8 tested against various clinical 

strains of M. tuberculosis. Strain H37Rv was used as a reference strain as it is a laboratory 

strain. 
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Figure 4.15 showed that isolate C8 showed no activity against strain 801. Strains 928 

and 1707 were completely inhibited by concentrations of C8 of 1.25 Ilg/ml and greater. 

Strains 433 and 1770 were completely inhibited by concentrations of C8 of 2.5 Ilg/ml 

and greater. The response of the strains to anti-tuberculosis drugs in clinical use is 

tabulated in Appendix I. 

4.2.4 Cytotoxicity studies of the sesquiterpenes of C8 

Figures 4.16 and 4.17 on page 79 show the results of C8 sesquiterpene lactones and 

daunomycin. respectively. against Chinese hamster ovarian cell lines. tested at 

concentrations betweenl00 Ilg/ml and 0.1958 Ilg/ml. 

la' IrJ 10' 10' 

o nn kfllil 

Figure 4.16: Dose-response curve of C8 sesquiterpene lactones tested against Chinese 

hamster ovarian cells to determine cytotoxicity. The IC.o of the isolate was 20.51'l!/mi. 

Results are presented as the mean of four readings with standard deviation as the error 

bars. 
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Figure 4.17: Dose-response curve of daunomycin tested against Chinese hamster 

ovarian cells to determine cytotoxicity. The IC.o of the isolate was 3.5 I'l!/ml. 

Daunomycin was used as the comparison drug. Results are presented as a mean offour 

readings with standard deviation as the error bars. 

79 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4. 4. 

was 1 

_,,,,,,,,1",,, .. extracts 

water extracts 

extracts. 

was more 

not 

a manner 

an 

M. aurum A+, 

5 

was 

are 

was 

was 

.... EiI<A..LLL"" ... M. aurum A+ was .... h • .,"' .... '·"'rI 

A. 

to 

A. 

a 

M. aurumA+. 

extracts 

not 

M. 

1JU.U:lL'U.V.U 1, was te~;tea 

were 



Univ
ers

ity
 of

 C
ap

e T
ow

n

was 

M. aunum 

aunum A+ 

was 

In 

to a QP'nf"Q 

an ll.l\.U.\...","uV.l.l 

not 

was not te~nea 

aunumA+SU22eSlun2 

extract 

treatment 

A. 

were 

were 

"'''''.U'C·''' were 

a 

to 

as 



Univ
ers

ity
 of

 C
ap

e T
ow

n

L:;,U1;"IUl/IA. Characterisation and Structural Elucidation 

, 

82 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 

5.1.1 

at 

5.1.2 

are C-

5. 

are 

structure 

lSCl/aI701'l, Characterisation and Structural Elucidation 

to 

occur nature as 

or 

Ion 

or 

83 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1.<Ulimful:rl. Characterisation and Structural Elucidation 

OH 

o 
OH 

I I H 

--p 
p 

o 
o 

OH 

I H 

--p 

o 

in the 

Source: Evans [8 

84 



Univ
ers

ity
 of

 C
ap

e T
ow

n

'!''''HlrJ£lTI_ Characterisation and .'11 rlu.:"nr., .. Bluc'idIJ,tio'n 

over a 

to reverse 

et 

were on a 

were 

were on were more 

In a 

to 

was to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

!.<UJ!aJt1n.n. Characterisation and Structural Elucidation 

use 

uA •. n ......... to Mass "r ...... ·1" ... , ... 1'Y'I 

structures 

86 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Isolation, Characterisation and Structural Elucidation 

5.2 RESULTS AND DISCUSSION 

The sesquiterpene lactones that were isolated were fractionated through a senes of 

bioassay guided processes. The various fractionation and purification processes included 

flash column chromatography, thin layer chromatography and high-pressure liquid 

chromatography. Structural elucidation was performed using various analytic chemistry 

techniques such as nuclear magnetic resonance and mass spectrometry. 

5.2.1 Fractionation processes 

5.2.1.1 Thin-layer chromatography 

The plate showed one spot for the isolate, suggesting the presence of one compound or 

compounds with similar elution patterns. The Rf value of the isolate was 0.6. 

c 

Figure 5.2: Thin-layer chromatograph of cs. The isolate was run with 60% hexane 

in ethyl acetate. The plate was visualized using anisaldehyde. 

Figure 5.2 above shows the TLC elution pattern of isolate CB. The pattern suggests a 

single compound. 
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Table 5.3: IH-NMR, 13C-NMR, IH-IH 

rnrr,nn •• ni! To form the minor 

substituted with a CH2 group. 

Position oH 

1 a 4.23 dd (11.5, 4.9) 

2 a 1.71-1.BB m 

13 1.49-1.67 m 

3 a 2.14 ddd (13.9, 5.6, 1.9) 

13 2.59-2.72 m 

4 

5 

6 13 4.25 d (10.7) 

7 a 2.32-2.45 m 

B a l.67-l.BO m 

13 1.30-1.34 m 

9 a 1.71-1.BB m 

13 l.49-1.67 m 

10 

11 a 2.32-2.45 m 

12 

13 1.21 d (6.7) 

14 0.B6 s 

15a 5.028 

15b 4.998 

ISOlatiOn, Characterisation and Structural Elucidation 

and HMBC data of the 

the group of C-13 in is 

IH-IH COSY OC HMBC 

2a 213 71.7d C-14 

la, 213, 3a 22.7t C-1, C-3. C-4, C-lO 

1 3a C-l, C-3 

2a,313 29.Bt C-l, C·2, C-4, C-5 

C-

213, 3a, 15(a, b) C-2 C-14 

144.9s 
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