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Chapter 1 - Introduction 

• 
• 
• 

Map 1.1 Malaria endemic areas of the world (top map) and map showing countries 

with chloroquine and pyrimethamine-sulphadoxine resistance (bottom map) Source: 

http:/www.WHO.intlithi/englishlmap3.htm 
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Chapler 1 - Introduction 
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Figure 1.1 The intra-erythrocytic life cycle of P. falciparum 

5 



Univ
ers

ity
 of

 C
ap

e T
ow

n
to 

IS 

vector 

1 

a O"r"'51tf'r source 

recurrent mtect:IOIIS 

not ne~:essaI1Iv 

to some extent to 

as to 

as rnamtc~stt:d 

imtnUllity IS 

it was emlerrnc to areas 

........ ",\.-t",t1 cases 

to 

6 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 1 - Introduction 

are during the months of April to May, related to the rainy season. The epidemiology 

of malaria in South Africa (Figure l. 2, p.7) shows an increase in the number of cases 

and deaths attributable to malaria. The increase since 1984 corresponds to the 

emergence and spread of chloroquine CCQ) resistance [14). 
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Figure 1.2 Malaria (cases and deaths/annum, respectively) statistics for the past 29 

years in South Africa, Data obtained from the National Department of Health, 

Communicable and Infectious Diseases, Pretoria, South Africa, 2000. 
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Chapter 6 - Methodology 

mixture of 3% O2, 4% CO2 and 90% N2 and incubated at 37°C for 48h. The plates 

were set up as in diagram 1 below. 

2 3 4 5 6 7 8 9 10 11 12 

A 100 SO 25 125 6.25 3.125 1.5625 0.78125 0.3906 0.1953 

B 

C 100 50 25 12.5 25 3.125 1.5625 0.78125 0.3906 0.1953 

D 

E 100 50 25 12.5 1l.25 3.125 1.5625 0.78125 0.3906 

F 

G 100 50 25 125 3.125 1.5625 0.78125 0.1953 

H 

SAMPLE 1 

CONTROL SAMPLE 2 

BLANK SAMPLE 3 

SAMPLE 4 

Figure 6.1 To test the effectiveness of the extracts on the strains of P. falciparum, 

the parasites were exposed to half dilutions of the extracts with 100 OOOnglml being 

the highest concentration and the lowest being 195nglml. The CQ was tested from 

200ng/m1 to 0.39ng/ml. 

6.8 Antiplasmodial screening 

Lactate dehydrogenase (LDH) [144,145) enzyme has the ability to use 3-

acetylpyridine NAD (APAD) as a co-enzyme to convert lactate to pyruvate. The 

human erythrocyte and P. falciparum both carry out this enzymatic reaction but at 

different rates. P. falciparum uses 3-acetylpyridine much more quickly than the human 

erythrocyte. The development of AP ADH is therefore used as a basis of an assay for 

128 
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Chapter 6 - Methodology 

of using fixed ratios of the extracts at low concentrations of the drug and determining 

whether the combination would shift the ICso of the individual drug has been used. The 

plate was set as in Figure 6.2 below. 

A 

B 

C 

D 

E 

F 

G 

H 

2 3 4 5 

Drug alone 

6 7 8 

6.25 

Drug with fixed low 

concentrations of 

S. birrea 

9 

3.125 

10 11 12 

1.5625 0.7812 0.3906 

Drug with fixed 

concentration of 

VRP 

Figure 6.2 The way the experiments were set up for detennining the resistance 

reversing effects of S. birrea and VRP. The fixed concentrations of S. birrea were 

25000nglml and IJ.lM of S. birrea and VRP respectively. The half dilutions of the 

drug were in nglml. 

6.11 Cytotoxicity studies 

Cytotoxicity tests were performed on a number of different cell lines. The cell lines 

used were the RAT-I, which is the rat fibroblast, RAT-SN3, a rat fibroblast 

132 
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Time Flow rate Curve Solvent S):nt:1D 

I 

AccQ. Tag:HzO MeCN: H20 (65:35) 

'Yo A %B 

Initial r.cmclitinm: 1 100 0 

0.5 I 1 6 98 2 
i 

10 , 1 6 93 7 

22 1 6 90 10 

33 1 6 67 33 

38 1 6 67 33 

39 1 6 0 100 
I 

42 I 1 6 0 100 

43 1 6 100 0 

• 

1. was 

as 
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HPLC LC-MS 

A ESI APCI 

PK RT %AREA At A:z. RT M+H+ RT M+H+ 

1 2.67:3 0.14 278.1 
2 2.823 4.67 271.0 
3 3.173 0.11 254.4 297.1 
4 3.523 0.15 263.9 
5 3.740 0.12 275.8 323.4 
6 3.923 0.40 271.0 
7 4.140 0.37 273.4 
8 4.340 0.49 275.8 
9 4.940 2.68 259.2 294.8 5.67 579 

10 5.407 2.58 275.8 
11 5.790 0.41 275.8 6.40 500 
12 6.090 1.49 275.8 6.58 496 
13 6.557 1.14 278.1 7.20 496 
14 6.840 0.42 280.5 309.1 7.50 436 
15 7.307 9.11 278.1 7.79 291 
16 7.923 0.67 278.1 6.94 466 
17 8.573 1.30 278.1 9.83 274 
18 8.907 1.39 278.1 10.11 540 
19 9.573 0.76 275.8 
20 9.973 2.58 278.1 11.05 291 
21 10.690 4.88 275.8 
22 11.040 0.33 280.5 11.96 459 
23 11.373 0.75 278.1 
24 12.023 1.86 278.1 
25 12.607 5.35 278.1 
26 13.107 0.93 278.1 14.09 600 
27 13.573 1.17 278.1 14.54 443 
28 14.140 0.67 278.1 
29 14.457 0.54 275.8 
30 14.840 1.41 278.1 I 

31 15.257 1.19 278.1 
32 15.690 6.0 275.8 

, 

33 16.173 0.56 278.1 
34 16.623 12.44 278.1 17.84 540 

, 

35 17.173 2.40 278.1 18.50 443 
36 17.607 1.49 278.1 
37 18.257 2.48 372.1 19.47 443 
38 18.823 0.88 278.1 19.59 442 19.59 
39 19.123 1.66 275.8 
40 19.507 0.48 275.8 
41 20.090 2.22 278.1 
42 20.457 0.84 278.1 
43 21.423 2.87 278.1 
44 21.923 0.43 278.1 
45 22.173 0.87 278.1 

AOIPel1ldix 1 extract Cont1lrl.Ue:<1on 
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.06 275.8 

.88 278.1 
48 2.48 278.1 
49 1.18 364.9 26.05 482 
SO 0.42 275.8 
51 0.57 278.1 

0.47 275.8 
29.60 443 

0.01 
0.08 
0.36 330.5 

69 0.30 287.6 
70 40.307 3.37 266.3 280.5 

71 40.673 1.12 

72 41.723 0.09 271.0 

DDtmO]LX 1 LUV' ... H . .L extract 
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PK ESI APCI 
RT M+H+ RT M+H+ 

1 5.53 284.2 4.17 298.2 
2 6.11 284.2 4.17 446.2 
3 7.28 286.2 4.69 446.2 

i4 7.45 282.2 5.53 284.2 
:5 7.94 550.1 5.93 533.1 
i6 8.25 231.2 7.24 269.2 
7 8.99 231.2 7.46 282.3 

'8 10.75 556.3 7.95 282.2 
9 lLl8 538.0 8.33 265.3 
10 11.40 538.1 11.27 261.3 
,11 12.33 558.3 11.75 499.3 
12 12.81 231.2 12.18 521.3 
13 13.76 556.3 13.73 539.3 
14 14.08 556.3 14.24 519.3 
15 15.61 231.1 16.08 505.3 
116 16.09 540.3 17.75 245.4 
117 17.44 542.3 19.02 503.3 
118 17.98 506.0 19.60 523.3 
119 18.90 544.4 20.15 501.3 
20 19.59 542.3 20.99 507.3 I, 

21 19.99 542.3 21.48 501.3 
22 20.51 542.3 21.91 501.3 
23 20.99 540.3 22.39 503.4 ! 

24 21.39 540.3 I: 23.00 501.4 
25 21.70 540.3 23.67 525.3 
26 23.42 522.2 24.19 523.3 
27 23.87 542.3 24.76 507.3 
28 24.34 540.3 25.10 485.4 
:29 24.83 524.3 25.55 507.3 

~O 25.10 524.3 25.90 491.4 
(31 25.67 524.3 26.64 539.3 
32 26.16 526.3 27.08 511.3 
~3 27.17 528.3 I 27.96 507.3 
34 28.10 524.3 29.04 507.3 
l35 29.16 524.3 29.49 505.4 
36 30.19 528.3 30.23 485.3 
37 30.62 526.3 30.54 487.4 
38 31.47 524.4 31.94 511.4 
39 31.82 526.3 32.99 505.4 
40 32.14 528.4 33.69 505.4 
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Peak RT Accurate mass MSIMS ions and comments 

A 

B 3.28 505.2134 

C 4.49 523.2366 199 several losses of 

D 4.66 253.1806 a monomer 

E 5.06 253.1806 

F 5.36 525.2513 245 several losses of water 

G 5.76 539.2327 255 several losses of water 

H 8.99 487.2169 

I 9.19 485.1966 

J 9.72 489.2297 

K 9.92 487.2172 

L 9.99 507.2388 

M 12.36 487.2105 

I 

N 12.58 485.1917 

0 12.91 489.2346 229 several losses of water 

P 12.98 487.2138 293 several losses of water 

Q 13.31 489.2299 

R 13.57 491.2480 

S 13.90 230.2471 very mass 

T 19.31 250.9737 very mass 

U 20.80 258.2784 58 very mass 
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20 Ion: Both Even and Odd 

0.5 0 0 0 0 

507.2388 25 20.0 100 200 6 15 

Mass mDa PPM Calc. Mass DBE C H N 0 

507.2388 0.0 0.0 507.238787 1.0 16 36 5 13 

-0.5 -1.0 507.238279 13.5 30 34 7 

0.8 1.6 507.239616 18.5 31 30 4 3 

1.3 2.6 0.5 18 38 2 14 

1.9 -3.7 507.236936 14.0 28 32 3 6 

2.2 4.3 507.240959 18.0 33 32 1 4 

2.7 5.3 507.241467 5.5 19 34 6 10 

-3.2 -6.3 507.235593 14.5 26 30 6 5 

4.0 7.9 507.242810 5.0 21 36 3 11 

-4.5 ~9.0 507.234256 9.5 25 34 2 9 

5.4 10.6 507.244152 4.5 23 38 12 

-5.9 11.6 507.232913 10.0 23 32 5 8 

6.7 13.2 507.245490 9.5 24 34 4 8 

-7.2 -14.2 507.231576 5.0 22 36 1 12 

8.0 15.8 507.246832 9.0 26 36 1 9 

-8.6 -16.9 507.230233 55 20 34 4 11 

9.4 18.5 14.0 27 34 5 5 

9.9 -19.5 507.228896 0.5 19 38 15 

-10.4 -20.5 507.228383 185 32 30 2 4 

10.7 21.1 507.249512 13.5 29 34 2 6 

11.2 22.2 507.227553 1.0 17 36 3 14 

-11.8 23.2 507.227040 19.0 30 28 5 3 

12.0 23.8 507.250850 18.5 30 30 6 2 

12.6 24.8 507.251363 0.5 17 38 4 13 

-12.6 -24.8 507.226211 1.5 15 34 6 13 
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IH Cheniieal shifts 0 .". Constants Multiplicity llC Chemical Carbon-

p~m shifts 

I 

224.00 C=O 

I 

i 
170.00 C=O 

165.05 C=O 

i 
149.97 Q carbon 

• 

148.00 Q carbon 
, 

147.46 Qcarbon 

i 

I 

139.44 Q carbon 

138.61 Q carbon 

138.58 Qcarbon 

6.32,5·V 3.4 d (122.0, 122.0) = 

i 
6.19,5.40 3.4 d (119.8, 119.8) CHz 

I 
5.16, 5. ~5 3.100 d (113.8, 113.8) =CHz 

4.14, 4.03,3.50 .8,84.0,62.2 C-Obonds 

of 
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Appendices 

i 4C--- 1.?9 2.67 4_~1 4.75. 6.3..2. 7~.a.22 ~a~80,.10.~5 '1,~ __ lJ.J2_'.3J~ 
~ 20-, 

IB.13 

. NL: 
o 

I()() 
7.33E-4 
Analog IN 

~ 1.32 1.~7_ 2.~ 4-?4 526 ~..3? ~~_~. 8.§6 '.2.~? ,11.11 

20 

0 1 

#:~517i'lT: Ir58-IB~BT AV:-:JS NC1.92·rr 
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Appendix 6 LC-MS showing of the active fraction containing compounds with 
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Appendix 7 - Effect of changing pH of the extracts on CQ accumulation in the 

parasites. The extract contained compounds whose activity is pH sensitive. At high pH 

the activity is diminished. 

153 



Univ
ers

ity
 of

 C
ap

e T
ow

n

rr ... rnnn are 

not 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Appendices 

500 > 
mV .... r 

450 ~ 

400 \::' 
r-. 'U " 
:>- ~ ~ 

350 .... (f) 

rJ ~ :>-
...I 

388 I-

250 ",' "-
<l: - ....... '-' 

ae8 ~ Q': <I '" 
~ 

'-' ....J a... 
I.!J 0: 

1~8 
0::: 

or. <I 

100 

58 

e 
1~ 20 2S 38 35 48 

Minutes 

220 
raY 

200 

...I 

§ 
1813 

160 

1413 

120 

~ 100 

8a 

6£1 

40 

eet 
B 

0 5 
Minutes 

Appendix 9 Amino acid analysis of the standard amino acid analysis (Chromatogram 
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