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Summary

Summary

Two plants, Dicoma anomala [Sond.]; a member of the Asteraceae and Sclerocarya
birrea [(A. Rich) Hoechst. subspecies caffra (Sond.) Kokwaro], a member of the
Anarcadiaceae families, are used widely in Africa for a variety of traditional treatments.
In this thesis it has been shown that these plants possess in vitro pharmacological
activities against the malaria parasite. The extracts of D. anomala arc active in vitro
against Plasmodium falciparum and those of S. birrea selectively enhance the in vitro

accurmnulation of chloroquine in resistant strains of Plasmodium falciparum.

Dichloromethane extracts of D. anomala have in vitro plasmodicidal effects on both
chloroquine-sensitive (ID10) and chloroquine-resistant (FACB) strains of P. falciparum,
with the ICsp of 2000ng/ml and 6000ng/ml for the D10 and FACS strains, respectively.
These extracts are 10-fold antiplasmodial than being cytotoxic to a number of cancer
cell lines. The activity of the active D. anomala extract has been shown in this research
to be due to a fraction that contains two asymmetrical sesquiterpene dimers with
molecular weights of 506.23879 and 508.2398. A chemical formula of CsH340; and
C30H1405 respectively, were deduced from the high-resolution mass spectrum. The
compounds have in vitro activity agamst D10 strain of P. falciparum with an ICso of
200ng/ml.

The extracts of S. birrea were shown to be inactive in the in vitro antiplasmodial
screening and they are not cytotoxic to normal RAT-1 fibroblast cells, NIH-3T3-
parental and NIH-3T3-MDR cells and to a number of pS3 transfected cancer cell lines:
WHCO-1-SCX-3, WHCO-1, RAT-1-SCX-3 and RAT-1-SN-3. However, the
methanol and the water extracts selectively increase the accumulation of chloroquine in
a resistant strain of P. falciparum, FAC8 and RSA11, by a factor of 7-8-fold. VRP,
which potentiates chloroquine accumulation, increases the accumulation 3-4-fold. The
extracts shift the chloroquine dose-response curve of resistant strain to the left and
make the parasites significantly more sensitive to chloroquine. The ICsp is reduced by
the methanol extract of S. birrea from 90ng/ml to 20ng/ml. This effect is not found in
D10 strain of P. falciparum or m normal rat (RAT-1) fibroblasts. The enhancement of
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Summary

CQ accumulation into the CQR strain was shown to be due to tannin-associated
proteins that contain very high levels of glycine, glutamic acid, aspartic acid and serine.
These proteins had apparent molecular weights of 116, 66, 45 and 29 kDa of which the

45kDa fraction was the most predominant.
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Chapter 1 - Introduction

1. Introduction

1.0 Malaria

Human malaria has been known since antiquity, and has been described by a variety of
names - The shakes, March, Roman, Jungle intermittent fever, Ague and Chills. The
etiological relationship between swamps and these fevers was recognized early. The
Italians referred to the “bad air” in fever-producing areas as mala aria, written
mal'aria. This was eventually shortened in the Middle Ages, producing the term

malaria.

Malaria is the most serious tropical parasitic disease, and kills more people than any
“other communicable disease, except tuberculosis (TB), including HIV/AIDS [1]. It is
an enormous public health problem in about 200 countries [Map 1.1, p.3], many in
Africa, threatening 2,400 million people, 56% of the world’s population [2].
Worldwide prevalence of the disease was estimated in the 1980°s to be in the order of
300-500 million clinical cases and on average 2 million deaths each year |3] and these
figures have not shown a decline. The vast majority of deaths occur among young
children in Africa, especially in remote rural areas where there is poor access to health
services. Statistics show that 5% of African children, below the age of 5 years, die of
direct or indirect effects of malaria [4]. Pregnant women are another group at special
risk to malaria. In Nigeria attacks of clinical malaria are 4-12 times more frequent in a
group of pregnant women than those not pregnant [5]. This suggests a decrease in
immunity to infection during pregnancy. Other high-risk groups are non-immune

travelers, refugees, displaced persons and labourers entering endemic areas.
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|

\ 1.1 Transmission of malaria

| |

‘ Malaria is caused by parasites of the genus Plasmodium, injected into the host through
- bites by female mosquitoes of the genus Anopheles, of which there are about 40 vector
| species. The most important one in South Africa is Anopheles gambiae. The four main
- species of Plasmodium that are responsible for human malaria are Plasmodium
| falciparum, P. vivax, P. malariae and P. ovale. P. falciparum, common in tropical

‘ Africa, causes 80% of all malaria cases worldwide, followed by P. vivax, endemic to
’ Asia and America. All four types of malaria parasites may occur together in any
\ endemic region, but with different degrees of prevalence. Anopheles mosquitoes may
[ be carried long distances from their breeding sites by wind, jet and boat travel and
[ result in infections in non-endemic areas. Transmission can also occur through blood

transfusions, and use of infected needies and from mother to chiid during birth.
‘ 1.2 The life cycle of P. falciparum

\ The life cycle of the malaria parasite is complex and probably still imperfectly
\ understood. It has a sexual and asexual stage in the mosquito, and two asexual stages
‘ in the human host, which begin when the female anopheles mosquito mjects the
sporozoites in the host blood stream during its meal. The sporozoites travel in the
blood stream to the liver. On reaching the liver they invade the hepatocytes. They
asexually multiply to produce merozoites. When the hepatocytes burst, the merozoites
are released into the blood stream and they in tun invade the erythrocytes (Figure 1.1,
;‘ p-5). This is the beginning of the erythrocytic cycle in humans and this is also the start

of the second asexual stage. The merozoites feed on the haemoglobin and mature

{ within the erythrocytes until they occupy close to 80% of the volume of the

\ erythrocyte.
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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.int/ith//english/map3.htm
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When the merozoites invade the erythrocytes, they develop into a ring stage within
\ minutes, which develops into trophozoites. Trophozoites mature, after 24 hours, into
\ schizonts, which last for about 4 hours after which they divide into 16 - 24 merozoites.
‘ These are released into the blood stream when the erythrocytes rupture. The

‘ merozoites are now ready for infecting other erythrocytes, repeating the cycle many

‘ times.

Some of these merozoites develop into male and female gametes that will be ingested
by the mosquito during its feeding time. In the mosquito, the male gametocytes
exflagellate and release the flagella in the plasma which fuses with the female
‘ gametocyte and forms an ookinete. The ookinete migrates to the mosquito’s stomach
! wall and develops into an oocyst. The oocyst asexually multiplies and. forms the

} sporozoite. These migrate to the salivary gland of the mosquito and wait to be injected

1 into the host during the mosquito’s feeding time.

1.3 The disease

The symptoms of malaﬁa are many and are varied and make the disease difficult to
diagnose. The clinical manifestations of malaria vary greatly, the typical symptoms of
malaria are intermittent fever preceded by an uncontrollable shivering and followed by
\: a sweating stage. Other common symptoms include headaches, jaundice, vomiting and
] diarrhoea. Anaemia usﬁally occurs due to the destruction of the red blood cells (RBC)
\ of any stage by P. falciparum malaria. Hypoglycaemia, renal failure, and pulmonary
‘ oedema contribute to morbidity due to malaria. Cerebral malaria caused by P.

’ falciparum leads to a fast deterioration of the victim into stupor, fits and coma that

- generally result in death.

|
|

- The severity of the malarial illness depends largely on the immunity of the person who
‘ is infected. People in endemic areas may develop partial immunity through repeated
\ nfections. Immunity to malaria found in most African adults, unlike most infections, is
\ acquired slowly and only after repeated exposure to the infection. Infants and children

‘ below 5 years are not only predisposed to high rates of mortality and morbidity
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Figure 1.1  The intra-erythrocytic life cycle of P. falciparum
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through lack of immunity, but they also provide a greater source of malaria parasites to
transmitting mosquitoes. However without recurrent infections the immunity is very
short-lived. Infection with the parasite does not necessarily result in the disease. Many
people who live in endemic areas are asymptomatic. They may harbour large numbers
of the parasite without any | outward signs and symptoms of malaria. These
asymptomatic individuals may contribute to some extent to the spread of the parasites

through blood transfusion and as carriers of parasites to help complete the life cycle.

Man is susceptible to all four species of hurnan malaria with the notable exception that
many black populations are not susceptible to infections with P. vivax. This special
protection is associated with the absence of a duffy blood factor [6]. Surveys
conducted in tropical Africa indicate that the population prevalence rate of duffy
negative phenotypes is 0% that may explain the relative lack of P. vivax malaria in
West Africa [7]. Certain haemoglobinopathies confer a degree of protection against P.
falciparum [8]. This has been demonstrated convincingly in the case of sickle-cell
heterozygotes [9]. Protection of P. falciparum malaria in carriers of B-thalassaemia
and haemoglobin E has been observed as manifested by low densities of parasites
[8,10]. Other hereditary traits, such as glicose-6-phosphate dehydrogenase deficiency
[11,12], are partially protective against malaria.

1.4 Malaria in South Africa

The history of malaria in South Africa shows that it was endemic to areas close to
Pretoria before the 1950’s. In the 1950°s and 1960’s the malaria eradication
progammes became more structured with the intervention being ammed at both the
vector and the causative agent [13, 14]. At present, Northeastern KwaZulu-Natal
Province, portions of Eastern Mpumalanga and Northeastern Province are malaria
endemic regions in South Africa bordering on neighbouring countries with high local

prevalence [Map 1.2, p.8]. Peak periods for reported cases of malaria in South Affrica
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are during the months of April to May, related to the rainy season. The epidemiology
of malaria in South Africa (Figure 1.2, 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 (CQ) 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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the rapid detection of the presence of P. falciparum. The formation of APADH can be
detected spectrophotometrically at 650nm using a multiwavelength plate reader.
Adding nitroblue tretrazolium (NBT) and phenazine ethosulphate (PES) to the reagent
can facilitate this spectrophotometric detection. When APADH is produced the NBT is
reduced to form a formazan product that is blue in colour. This formazan product can

be spectrophotometrically measured at 650nm.

The parasite viability in the presence of the drug or extracts was calculated using the
method described by Makler [145]. The assay relies on the measurement of the activity
of the parasite lactate dehydrogenase (pLDH). This can be distinguished from the host
LDH by using 3-acetylpyridine adenine dinucleotide (APAD) as a coenzyme. The
parasites are able to use APAD in the conversion of pyruvate to lactate while the host
cannot. The Malstat™ (Flow, Inc) reagent was used for the measurement of the
parasite lactate dehydrogenase activity (pLDH) [145]. The measurements were carried

out in 96 well microtitre plates as described by Desjardins [138].

6.8.1 Parasite Iactate dehydrogenase (pLDH) assay

For the experiment, the stock culture was diluted with the culture medium containing

enough non-infected OT RBC to yield a final hematocrit and parasitemia of the
trophozoites were adjusted to 2%. The drug or extract concentration experiments
were carried out in 96 well microtitre plates. The concentrations were made in
duplicate and at half dilutions. The first wells of the drug or extract concentration 50ul
of the concentrations were added to the wells. 25l was transferred to the next wells
using a multichannel pipette dispenser. These were diluted to 10 two-fold serial
dilutions. The volume in each well was 25ul. For the control and blank wells 25ul of
drug free medium was added. For the blank 200ul of a 2% hematocrit unparasitised O"
RBC were added. To the rest of the wells were added 200ul of a 2% trophozoite
parasitemia and hematocrit (See Figure 6.2, p.131). The plates were placed in a

desiccator cabinet, flushed with a gas mixture of 93% N, 4% CO, and 3% O,, sealed
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and incubated for 48h at 37°C in an incubator (Naure IR Autoflow CO, H,O-jacketed
Incubator).
«

At the end of the incubation period, 100ul of Malstat™ reagent and 25ul of 0.24mM
PES and 1.96 mM NBT solution were all added to respective wells of another clean 96
well microtitre plate. The test plates were removed from the incubator and 15ul of
each well was resuspended and transferred to its corresponding well in the Malstat™
reagent containing plates. The reaction was allowed to take place in the dark for 10 |
minutes. The formation of a purple colour is an indication of the parasite survival. The
absorbances were read at 620nm in a 7520 Microplate Reader (Cambridge Technology
Inc.). Each plate was blanked on the wells containing only RBC. The parasite

percentage survival was calculated from the absorbance readings using the following

fonhula:
Average of test wells - average of blank wells
Percentage parasites survival = X 100
Average of control wells - average of blank wells
6.8.2 Determination of the ICs,

The concentration that would inhibit 50% of the parasite population was extrapolated

from the dose response curves.

6.8.3 Calculating the error bars

The error bars were calculated as the standard deviations (S.D.) of the means of

absorbance readings (Section 6.17, p.143).
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6.9  Chloroquine uptake by parasitised red blood cells

The accumulation of CQ in the parasitised red blood cells (RBC) was determined in
both the CQS and CQR parasites in the presence or absence extracts. VRP was used as
a positive control and the RBC as blank. 1ml of parasitised red blood cells, which were
synchronized in the trophozoite stage with a parasitemia of 5% or more and the
hematocrit set at 1% in culture medium, were exposed to SpM of [*H]-CQ
(18Ci/mmol){ Ammersham) in 1,8ml eppendorff tubes. The final concentration of the
plant extracts added was 100 000ng/ml, a concentration that had no effect on the
viability of the parasites. The final concentration of VRP was 5uM. 111pl of a 900
000ng/mi stock of the extract was added to the iml to give a final concentration of 100
000ng/ml and 10ul of VRP (Sigma) was added to give the final 5uM concentration.
The samples were in triplicate. 15 minutes was allowed for the extracts to reach their
targets. To this were then added 19ul of 1uM [’HJ-CQ to all the tubes and to the
controls. These were vortexed briefly and were incubated at 37°C for an hour. At the
end of the 1-hour incubation period, the tubes were spun for 20 seconds on a bench
top centrifuge (Beckman microfuge B) at 13000 rpm. The supernatant was aspirated
and washed twice with 1ml of cold phosphate buffered saline (PBS) with
centrifugation for 20 seconds at 1300rpms on the microfuge. The supernatant was
aspirated and the tip of the eppendorff tube was cut off and placed in scintillation vial
and 4mils of scintillation fluid added. The tubes were shaken on a labcon shaker
overnight to dislodge the pellet. The radioactivity in the vials was counted for 1 minute

on a Packard Tri-Carb 4640 liquid scintillation spectrometer.
6.10 Synergy and cytotoxicity studies

6.10.1 Synergy studies

The influence of one drug on the other can be determined by the chequerboard system.

However this system requires a lot of replicates for reliable results [146]. A technique
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of using fixed ratios of the extracts at low concentrations of the drug and determining

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

plate was set as in Figure 6.2 below.

>

125 625 3.125 15625 | 07812 | 03906

(ov)
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| N\

[\

Drug alone Drug with fixed low Drug with fixed
concentrations of concentration of
S. birrea VRP

Figure 6.2  The way the experiments were set up for determining the resistance
reversing effects of S. birrea and VRP. The fixed concentrations of S. birrea were
25000ng/ml and 1uM of S. birrea and VRP respectively. The half dilutions of the
drug were in ng/ml.

6.11 Cytotoxicity studies

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

used were the RAT-1, which is the rat fibroblast, RAT-SN3, a rat fibroblast

132




Chapter 6 - Methodology

transfected with P53 gene; RAT-1 SCX-3, a rat fibroblast with mutant P53 gene,
WHCO1, is an oesophageal cancer cell line; WHCO1-SCX-3, the oesophageal cell line
transfected with mutant P53 gene; human ovarian cell line, UWOV?2, and the multidrug
resistant cell line, NIH-3T3-MDR. Selective toxicity of the compounds was
determined by using a parental normal cell line, RAT-1. The UWOV2 cell line has
been derived from ascites of patients with papillary serous cystadenocarcinoma of the
ovary. The NIH-3T3-MDR is transformed multiple-drug resistant murine fibroblasts
derived from the NIH-3T3 parental cells. The cell lines were grown in Dulbeco’s
Modified Eagle’s Medium (DMEM) supplemented with 10% heat-inactivated fetal calf
serum (HIFCS)(Highveld Biological) and 50 000ng/ml of gentamycin (Highveld
Biological). The cells were and culturing facilities were obtained from Professor Ighbal

M. Parker at the department of Medical Biochemistry at the University of Cape Town.
6.11.1 Cell culture

The frozen cells were quickly thawed in a H,O bath at 37°C. They were washed twice
with 10mls of the culture medium that was pre-warmed to 37°C. The cells were spun
at 1500 rpm for 5 minutes (Omnifuge 2.0RS Heraeus Sepatech). The supernatant was
aspirated and 10mls of culture medium were added they were pippetted into a sterile
culture flask (Nunc) to reach confluence. Only fully attached, confluent cells and with

viability greater than 95% were used for the assay.
6.11.2 Preparation of the microdilution plates

A fraction of the stock culture was diluted with medium to a cell density of 50 000 |
cells/ml for use in the MTT cytotoxicity assay. Of this cell, suspension 200ul (10 000
cells) was added to each well of the 96 flat-bottomed well plate, except row land 2.
These rows served as blank and parasite controls respectively. The plates were
incubated at 37°C in an incubator that was flushed with atmosphere of CO,. The plates

were incubated until the cells became confluent.
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6.11.3 Preparation of the plant extracts and drug controls

The plants showing the most antiplasmodial and resistance reversing activity were
screened for their cytotoxicity. The extracts were prepared as described in the earlier
section of antiplasmodial screening (Section 6.6, p.123). They were made to 900
000ng/ml with RPMI culture. Stock solutions were filter sterilized using the
aforementioned 0.22p filter units (Millipore). The effect of the MeOH on the cells was

tested. The highest final concentration of MeOH in each well never exceeded 10%.
6.11.4 Cell viability determination

This is based on the fact that viable or live cells do not take up a nuclear dye the trypan
blue (Merck). On the other hand dead or damaged cells take up the dye because the
nuclear metllbrane is either damaged or not efficient any longer and they will stain blue.
The cells were trypsinized using a 5% trypsin EDTA in PBS. This detaches the cells
from the ﬂask The cells were spun at 1500 rpm for 5 minutes in a centrifuge
(Omnifuge 2.0RS Heraeus Sepatech). The supernatant was aspirated and the cells
washed twice with culture medium. The cells were resuspended in culture medium
from which;; an aliquot of the cell suspension was taken and mixed with an equal
volume of tErypan blue. These were thoroughly mixed. A drop of the suspension was
placed in a ﬁaemocytometer and covered with a cover slip. The cells were allowed to
settle for 2 ri_ninutes. A total of 100 cells were counted and from these non-viable cells,
those that stained blue were counted. The percentage viability was calculated.

6.11.5 Cytotoxicity assay

When the cells were confluent the medium was aspirated and 5ml of trypsin-EDTA
was added t\O detach them. The cell suspension was centrifuged at 2050 rpm for 2
minutes. The trypsin-EDTA was aspirated and the cells washed in culture medium. The
number of viable cells was counted on a haemocytometer after being stained as

described above.
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When the percentage viability of the cells was over 95%, they were available for use.
The cells were seeded at 10000 cells per well of a 96 well flat-bottomed plate. The
cells were allowed to settle and attach for 24 hrs. After this period, the medium was
aspirated and fresh medium and test compounds added. The cells were exposed to 11

half-serial dilutions of the compounds for 48h (see Figure 6.1, p.127).

6.11.6 = The MTT assay

The MTT, assay is based on the reduction of a soluble tetrazolium salt [3-(4,5-
dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide, (MTT)] to a purple coloured,
msoluble formazan product by the reducing enzymes present only in metabolically
active live organisms. The colour reaction is therefore a measure of cell viability.
Dead cells have been shown [147] to be unable to reduce MTT within 30 min of lysis.
These purple coloured formazan crystals may be dissolved m a variety of organic

solvents such that the optical density of the resulting solution could be measured.

After the incubation periods, 50ul of a Img/ml MTT prepared in PBS was added to all
the wells. The plates were re-incubated for a further 4h at 37°C in an incubator
(Naure). After the 4-hour incubation period, the plates were centrifuged (Omnifuge
2.0RS Heraeus Sepatech) at 2050 rpm for 10 minutes. The carefully medium was
aspirated m‘ the fume hood, followed by addition of 100l of DMSO to dissolve the
formazan cfystals. The absorbance was read at 620nm on microplate reader (7520
Microplater Reader, Cambridge Technology Inc) from which cell survival was

calculated. %

6.11.7 - Selectivity index (SI)

To determine whether a given compound or extract is cytotoxic or antiplasmodial, the
selectivity index of the compound needs to be determined. The same units are used in

cytotoxicity and antiplasmodial concentrations.
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Selectivity index (antiplasmodial) = antiplasmodial ICs, / Cytotoxicity ICsg

SECTION 3  Bio- assay directed isolations

6.12 High performance liquid chromatography (HPLC)
6.12.1 Analytical HPLC separations

The active MeOH extract was dissolved in MeOH under sonication for 15 minutes
followed by centrifugation at 1300 rpm for 5 minutes (Biofuge 13 Heraeus Sepatech).
The concentrations of the extracts were 10mg/ml. The CH,Cl, extract was dissolved in
MeCN and treated similarly. The analysis of the supernatant solution was by HPLC
(Hewlett Packard Series 1100 HPLC [in the UK] that was equipped with Quartenary
pumps G1311A, a vacuum degasser G1322A, column oven G1316A, a sample injector
G1313A and a photodiode-array detector G1316A; or a Shimadzu [in SA]) equipped
with LC10AD pumps, an SPDM10Avp photodiode-array detector and SIL 10A auto
injector were performed using a Phenomenex, Prodigy C-18, ODS 2 with a 5u silica
particle size (4.6 X 150mm, Phenomenex). The solvents were (A) H,0 with 0.05%
TFA and (B) MeCN with 0.05% TFA. A linear gradient of 30% A to 90% in 40
minutes was applied. The flow rate was 1ml/min. The UV/VIS data of the effluent
from the colummn ranging from 200 to 600nm, and the peak analysis and assignment
were performed suing the system analysis software, CLASS-LC10 (Shimadzu) or HP
Chemstation software (Version 4.04) running on a HP Vectra series 4 desktop.
Fractions were simultaneously collected for analysis. The conditions were the same for
the CH,Cl, extract except that the mobile phase was (A) H,0 and (B) was MeOH.

6.12.2 . Preparative HPLC

The preparative HPLC was done in two parts; the first was fraction collection from the
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crude extract and the second was isolating the active compound. The active CH,Cl,
extract was dissolved in MeOH under sonication for 15 minutes followed by
centrifugation at 1300 rpm for 5 minutes (Biofuge 13 Heracus Sepatech). The
concentration of the extract was 10mg/ml. The supernatant was dissolved in H,O such
that the MeOH was 30%. This was clarified with centrifugation at 3000rpm for 30
minutes (Sanyo Mistral 3000I). The initial crude extract preparative scale HPLC was
done using a Gilson [In the UK] and a Beckman PREP 350. This was equipped with
two PREP-350 pumps, Beckman 110B solvent delivery module, Beckman 163 variable
wavelength detector and the sample pushed through a YMC R353-15, S15 120A ODS
C-18 column in South Africa] preparative HPLC with Gilson 305 gradient pumps, with
an 811B Dynamic mixer, a Gilson 806 manometric module pressure regulator and
connected to this was a 1000S diode array detector (Applied Biosystems). The solvent
was pumped through a 90g [In the UK] and [YMC R353-15, S15 120A ODS C-18
column], C-18 reverse phase (Biotage in UK)(YMC Inc. in South Africa) at a solvent
flow rate of 50mls/min. 500mls of the extract was injected at a time. The data was
collected at wavelength range of 200 - 600nm. The solvents were (A) H,O and (B)
MeOH running at a linear gradient of 30% solvent B to 90% solvent B in 40 minutes.

Fractions collected here were analyzed for activity.

After deteﬁnining the active fractions, the compounds were isolated on a Hewlett
Packard [In the UK] which was equipped with quartenary pumps G1311A, a vacuum
degasser G1322A, column oven GI1316A; a sample injector G1313A and a
photodiode-array detector G1316A; and Shimadzu [in SA]) equipped with LC10AD
pumps, an SPDM10Avp photodiode-array detector and SIL 10A auto injector were
performed using a Phenomenex, Prodigy C-18, ODS 3 with a 10u silica particle size
(250 X 10mm, Phenomenex) with a Phenomenex C-18, ODS 3, 10u particle size,
guard column in line (50 X 10mm, Phenomenex). The solvents were (A) H,0 with
0.05% TFA and (B) MeCN with 0.05% TFA. A linear gradient of 40% A to 60% in
30 minutes was applied. The flow rate was 10ml/min. The UV/VIS data of the effluent
from the colurn ranging from 200 to 600nm, and the peak purity checks, analysis and
assignment were performed using the system analysis software, CLASS-LCI10
{Shimadzu) or HP Chemstation software (Version 4.04) running on a HP Vectra series
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4 desktop.
6.12.3 Structural elucidation of the active fraction

The mass spectra were obtained at the same time as the HPLC run with a
ThermoQuest LCQ (Finnigan) connected in line with the HPLC. The HPLC conditions
were set as explained above. The LC-MS was equipped with both the Electrospray
ionisation (ESI) and the atmospheric pressure chemical ionisation (APCI) probes and
an ion trap. In all cases the mass range scanned was between 150 —2000 atomic mass
units (AMU). The conditions for the ESI probe were a vaporizer temperature of
200°C, sheath gas set to with 80 units (arbitrary units), the auxiliary gas set to 20 units
(arbitrary units), the spray voltage was 4,2kV, capillary voltage was 3V and the tube
lens was offset to 30V. The APCI conditions were set with a vaporizer temperature of
450°C, capillary temperature of 150°C, sheath gas set to 80 units (arbitrary units),
auxiliary gas set at 20 units (arbitrary units), the spray voltage was set at 4,2kV,
capillary voltage was set at 3V and the tube lens was offset at 30V. The data was
obtained through the use of the Finnigan Navigator version 1.1 (Finnigan). The MeOH
extract was also run using the matrix assisted laser desorption ionisation time of flight

(MALDI-TOF) because of the high molecular weight substances. .
6.13 Nuclear magnetic resonance (NMR)

The NMR spectra ('H, “C, COSsY, DEPT-135) and HMQC were recorded on a
Bruker-DRX-400 (*H: 400.13 MHz, ®C: 100.62 MHz) and a Bruker-DRX-500
spectrometer with inverse detection and z-gradient equipment (‘H: 500.13 MHz, “C:
125.77 MHz) at 23°C in CDCls. The chemical shifts (8) are related to the signal of the

residual solvent.
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6.14 | Purification of Tannin-associated proteins from the bark of S.
birrea

The isolation of tannin-associated proteins was done according to the method of
Hagerman [120]. The powdered plant material was extracted with 10mM ascorbic acid
(BDH) in EtOH for 2h at 4°C in the dark. S5ml/g of plant material were used. The

extract was filtered and the residue extracted with 10mM ascorbic acid in methanol AR
(BDH) at 4°C for 2h in the dark with constant stirring. The extraction was repeated
three times. The extracts were filtered and poled. The filtrate was extracted with equal

volume of a ImM ammonium acetate (CH;COONH,)(BDH) buffer.

The MeOH was removed by evaporation and the aqueous fraction extracted twice with
an equal amount of ethyl acetate (Merck) in a separating funnel The aqueous layer
containing amorphous material was discarded. The ethyl acetate layer was
concentrati;d down by evaporation. The residue was dissolved in a minimum amount of
a (4:1 v/v) BtOH:H;0 and mixed with 4 volumes of an LH-20 (Pharmacia) EtOH
sharry. Theji LH-20 was washed with EtOH while observing the absorbance at 280nm
until it reaéhed a minimum low. When the absorbance was at a constant point, the
eluting sol\%(ent was changed to 1:1 (v/v) acetone: H,O and absorbance observed at
540nm untizl it reached a constant minimum low.
|

The acetone was removed by evaporation and the aqueous layer was extracted thrice
with equal \irolumes of liquefied phenol (Macdonald Adams) in a separating flask. The
phenol fractiions were pooled together and enough H;O added until the phenol went
into solutioh. The fraction was treated for 2h at 37°C in 1% SDS (BDH)(V/W), 1%
mercaptoeﬂiano] (Merck) (V/V) and phosphate buffer at pH 7. The fraction was
dialysed (dialysis membrane with MWCO between 6 000 and 8 000 and 12 000 and 14
000 Da) in b.l% SDS (V/W), 0.1% mercaptoethanol (V/V) and phosphate buffer at
pH 7 and iastly dialysed in distilled deionised H,O. The contents of the dialysis

membranes were freeze-dried.
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6.15 Amino acid analysis

6.15.1 Amino acid analysis done at SmithKline Beecham, UK

The fraction that contained compounds with MW > 10 000 was analysed for presence

of amino acids after hydrolysis. Amino acids hydrolysis was achieved by hydrolyzing
Smg of ami[‘no acid and nor-leucine (NLE) as an internal standard (IS) in a 6 X 50mm
borosilicate glass hydrolysis tube (Corning). This was placed in a bigger hydrolysis
vessel that contained 250l of a 6N constantly boiling HClL. The big vessel was capped
and heated

at 110°C for 24h. After this hydrolysis period, the borosilicate tube was
removed alnd centrifuged at 13000rpm for Smin. The second step was the
derivatisaticlm of the released amino acids. To the amino acids and the test sample 80ul
of borate buffer were added and vortex to mix. To this was added 20pl of AcquTag
(Waters) derivatising agent. The solution was vortexed for 30sec and heated to 55°C

for 10min.

The 5ul supernatant was analyzed on a Waters HPLC. The HPLC was equipped with

gradient mixer, with solvent A (Waters AccQ.Tag Concentrate®: H,O [1:10] and
solvent B was MeCN: H,O [65:35], helium was the purge gas. The solvents were
pumped thrlough a C-18 reverse phase column (Waters AccQ Tag 3,5um, 150 X
3.9mm, void volume 1,5ml and thermostatted @ 37°C). The column temperature was
39°C and the solvent flow rate through the column was Iml/min. The gradient was
over 43min \with a detector voltage-sampling rate of 2 units/s (Table 6.2 p.140). The
data was acquired at a fixed wavelength (1) of 254nm over 43min or fluorescence

detection with excitation A of 250nm and emission A of 395nm.

The protein stock solution was diluted to give a chromatographic loading, after
derivatisat’io[n, of 50pmols. This concentration was found to be more than enough for
fluorescence detection. The assay sensitivity was 0.1 to Spg for proteins and 0.02 to

1 for peptides.
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\
Time (ni:in) Flow rate Curve Solvent System
(ml/min)

AccQ.Tag:H,0 | MeCN: H,0 (65:35)
% A %B

Initial conditlions 1 100 0

0.5 1 6 98 2

10 f 1 6 93 7

22 1 6 90 10

33 | 1 6 67 33

38 ‘ 1 6 67 33

39 ‘ 1 6 0 100

42 { 1 6 0 100

43 | 1 6 100 0

Table 6.2 | HPLC gradient conditions for the amino acid analysis of S. birrea

6.15.2 ; Amino acid analysis done at Biochemistry, UCT, SA

1.5mg protéin isolated from the bark of S. birrea (see Section 6.15, p.139) was
hydrolysed with 400ul of 6M HC1 at 110°C for 24h. The hydrolysis was performed as
detailed in: the above paragraphs. The HCl was evaporated and the residue
reconstitutejd in 300pl of citrate buffer at pH 2.2 (Buffer A). The solution was analysed
on an HPLC using a cation exchange cross-linked polystyrene SDB column. The flow
rate was 0.4ml/min and the mobile phase was buffer A (acetate buffer pH 2.2) and
buffer B (sodium borate at pH 9.5 with sodium citrate). The gradient was 100% buffer
A to 100% buffer B in 90 minutes. 40l of the sample was injected onto the column

while 20p! of the amino acid standards were injected. 20ul of the amino acid standards
was equivalént to 2mM amino acids. The amino acids were detected using an OPA

fluorescence detector.
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6.16 Sod

Sodium do

performed

liwm dodecyl sulphate polyacrylamide gel electrophoresis

decyl sulphate (SDS) polyacrylamide gel electrophoresis (SDS-PAGE) was
on a BioRad mini gel (Bio-RAD) as described by Lacmmli [148]. Slab gels

that were | - 1.15mm thick consisted of a linear gradient of 5 — 15% acrylamide
gradient supporting gel and a 3.5% stacking gel (Table 6.3, p.142). 20pl of a 2mg/ml
of extract siamples were reconstituted in the running buffer (Table 6.3, p. 142). The
protein content of the plant extracts was predetermined form the amino acid analysis
(Section 6.!15, p-139). 10l of BioRad (Sigma) protein high range MW markers were
solubilized ‘{m the running buffer and boiled for 3 minutes before being loaded onto the
gel. These ?samples were run at 100 volts and 3A constant current until the sample
began runniing off the gel. The gels were stained with either the silver or the commassie

Brilliant Blue R-250 (Sigma) stains.

6.16.1 Coomassie staining

The stain was made in 10% (V/V) commassie in 25% (V/V) acetic acid (BDH) and
0.5% (VIV
Heidolph duomax 1030 shaker (Labotec) for 24h stains. Soaking the gel in a 10%
(V/V) acetic acid (BDH) and 25% (V/V) methanol (Scharlau) achieved destaining of

|

the commassie gel.

methanol (Scharlau). The gels were soaked in the staining solution on a

6.16.2 Silver staining

One gel was
low amount

10% acetic

incubated in

sodium acet

used for the silver staining, which is a very sensitive method for detecting
s of proteins [149]. The gel was fixed in 250ml of a 30% EtOH (BDH) and
acid (BDH) in distilled H,O for not less than 30 minutes. The gel was
250ml overnight in an incubation solution made up by dissblving 17g

ate (UniVar, SAARCHEM), 0.5g Na,S,05.5H,0 (BDH) in H,O and 75mi

EtOH and followed by the addition of 1.15ml of a 25%(w/v) gluteraldehyde (Merck)

ware added.
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The silver staining was achieved by dissolving 0.5g AgNO; (BDH) in distilled H,O and

50ul of a 37% (w/v) formaldehyde solution (w/v)(Merck) was made to 250ml in

distilled H,O for 20 minutes. The gel was developed in a solution of 7.5g of Na,CO;
and 30ul of a 37% formaldehyde (Merck) in 250ml distilled H,O, titrated to pH > 11.5

using NaHCO:(Merck). The gel was developed in the solution until clear contrast of

the protein bands was achieved. The development process was stopped by transferring

the gel into 250ml of distilled H,O in which was dissolved 2.5g of glycine (B&M

Scientific). This was preserved in a solution of glycerol (87% (w/v))(Sigma) in H;O.

Molecular weights of the plant samples were estimated by comparing the relative

mobilities of the protein bands with those of standard protein markers.

15% Running gel

Reducing sample buffer

| Tris IM pH 8.8 11.2ml SDS (20%) 10ml
SDS 20% 150ul Glycerol 10ml
Acryl-bisacryl 15mi Bromophenol (0.2%)  1.5ml
Water 4.7ml IM Tris @pH 6.8 8ml
Ammonium persulphate 100pl 2-mercaptoethanol Smi
Temed 40ul
Non-reducing sample buffer
Stacking gel SDS (20%) 10ml
Glycerol 10ml
Tris IM pH 6.8 1.25ml Bromophenol (0.2%) | 1.5ml
SDS 20% 50ul Tris 1M @pH 6.8 8ml
Acryl-bisacryl 1.67ml Water Smil
Water 7.0mi
Ammonium persulphate 50ul
Temed 40ul

Table 6.3. Solutions for the SDS-PAGE
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SECTION 4 - Data analysis

6.17 Calculating percentage survival and error bars

The concentration of the extracts and compounds that inhibit 50% of the parasites in
vitro (ICso). were obtained using the method of Huber and Koella [150]. The data for
the dose r;esponse curves were fitted using Sigma Plot® version 2.01 ™ (Jandel
Corporatio%l). The error bars were calculated from tﬁe standard deviations of the

means: !

|
E
% Survival = average Test £ SD'  —  average Blank + SD"

average Control + Sd° — average Blank + Sd"

Let % Suwival =Y

Let N =+(Sd)?+ (Sd")> and let O =+ (Sd)+ (SD"?

The final standard error of Y = Y+(N/average Test)* + (O/average Control)?

6.18 Standardization of the chloroquine uptake studies

For an accurate comparison of the uptake of CQ by the CQR and CQS strains, results
had to be expressed in terms of the number of parasites involved and the following

equations were used. The following assumptions were made:

There are 51.25 X 10° RBC in 1ml of blood, with a hematocrit (HCT) of 0.44. There
are 115.478 X 10° RBC in 1ml pellet and 2% HCT has 2.32956 X 10° RBC and

parasitemia of 5% will have 58 239 trophozoites. As long as HCT and parasitemia are
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known a comparison can be made of the number of trophozoites involved between the
CQR and FQS strains of P. falciparum. In the case of uptake of labeled CQ in
combinatiofn with the S. birrea extracts, the ratio of the increase in the uptake test
compoundsé relative to CQ alone is defined as the Accumulation Enhancement Index

[AEI].

Uptake of test substance + chloroquine
AEl=
Uptake of chloroquine alone
6.19 Selectivity index (SI)

It was necessary to distinguish antiplasmodial activity from cytotoxicity. In order to

evaluate an extract for antiplasmodial activity, it is important to know how selective

the antiplésmodial activity is from cytotoxicity. In order to follow an extract as being
antip}asm()(iiial it is needed to know how antiplasmodially selective the extract is from
its cytotoxi!city [151]. The following formula of calculating the selectivity index was
used: Selectivity index = ratio of cytotoxicity to antiplasmodial activity [ICso
cytotoxicity / ICsq antiplasmodial cytotoxicity]. The selectivity index is calculated:with

the same units being used.

ICsp antiplasmodial

SI antiplasmodial

ICso cytotoxicity

6.20 Combination of the extracts with low CQ and anticancer drugs

For combination experiments the effect of the extract on the drug was observed as a

shift of the dose response curve cither to the left (enhancement), or to the right

(antagonistic).
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HPLC LC-MS
ESI APCI
PK | RT | %AREA| 2 Ay RT M+H' RT M+H"
1 2.673 0.14 278.1
2 2.823 467 | 271.0
3 3.173 0.11 2544 297.1
4 3.523 0.15 263.9
5 3.740 0.12 2758 323.4
& 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
i5 7.307 9.11 278.1 779 291
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
36 14.840 1.41 278.1
3 15.257 1.19 278.1
32 15.690 6.0 275.8
33 16.173 0.56 2781
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 2781 19.59 442 19.59
39 19.123 1.66 275.8
40 | 19.507 0.48 | 275.8
41 20.090 222 278.1
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
Appendix 1  LC-MS data of MeOH extract of 8. birrea. Continued on p.147
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46 | 22.723 1.06 | 2758
47 | 23.257 0.88 278.1
48 | 23873 2.48 278.1
49 | 24.390 1.18 364.9 26.05 482
50 | 25140 0.42 275.8
51 | 25.857 0.57 278.1
52 | 26.840 0.47 275.8 28.94 331
53 | 27.823 0.11 275.8 29.60 443
54 | 28473 0.03 275.8
55 | 31.207 0.02 287.6
56 | 34473 1.20 | 271.0
57 | 34757 0.11 271.0
58 | 34.973 0.16 287.6
59 | 35.323 0.04 280.5
60 | 35423 0.07 -
61 | 35623 0,05 -
62 | 35.790 0.04 -
63 | 35957 0.02 -
64 | 36.057 0.04 -
65 | 36323 0.06 -
66 | 37.040 0.01 -
67 | 37.307 0.08 -
68 | 37.623 0.36 330.5
69 | 37.907 0.30 287.6
70 | 40.307 3.37 266.3 | 2805
71 | 40.673 1.12 -
72 | 41.723 0.09 271.0
Appendix 1. - LC-MS data of MeOH extract of S. birrea. Continued from p.145
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PK ESI

RT M+H*
1 5.53 284.2
2 6.11 284.2
3 7.28 286.2
L4 7.45 2822
5 7.94 550.1
6 8.25 2312
7 8.99 2312 |
8 10.75 556.3
9 11.18 538.0
10 11.40 538.1
11 12.33 558.3
12 12.81 231.2
13 13.76 556.3
14 14.08 556.3
15 15.61 231.1
116 16.09 540.3
117 17.44 542.3
18 17.98 506.0
19 18.90 544.4
20 19.59 5423
21 19.99 542.3
22 20.51 5423
23 20.99 540.3
24 21.39 540.3
25 21.70 540.3
26 23.42 5222
27 23.87 542.3 |
28 24.34 540.3
29 24.83 524.3
30 25.10 524.3
31 25.67 524.3
32 26.16 526.3
33 27.17 528.3
34 28.10 5243
35 29.16 524.3
36 30.19 528.3
37 30.62 526.3
38 31.47 524.4
39 31.82 526.3
40 32.14 528.4

Appendix 2

LC-MS data of D. anomala (ESI and APCI)

APCI

RT M+H"
4.17 298.2
4.17 446.2
4.69 446.2
5.53 284.2
5.93 533.1
7.24 269.2
7.46 282.3
7.95 282.2
8.33 265.3
11.27 261.3
11.75 499.3
12.18 521.3
13.73 5393
14.24 519.3
16.08 505.3
17.75 245.4
19.02 503.3
19.60 523.3
20.15 501.3
20.99 507.3
21.48 501.3
21.91 501.3
22.39 503.4
23.00 501.4
23.67 525.3
24.19 5233
24.76 507.3
25.10 485.4
25.55 507.3
2590 4914
26.64 539.3
27.08 511.3
27.96 507.3
29.04 507.3
29.49 505.4
30.23 4853
30.54 487.4
31.94 511.4
32.99 505.4
33.69 505.4
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Peak | RT Accurate mass | MS/MS ions and comments
(min) | [M+HJ+
A 2.29 4253133 233,175,117
B 3.28 | 505.2134 Dichloro compound
C 4.49 523.2366 503, 487, 477, 469, 459, 451, 441, 405, 303, 217, 199 several losses of
j water (alcohol, acid, glycosides?) -
4.66 253.1806 No MS/MS (too weak) Possibly a monomer
E 5.06 | 253.1806 No MS/MS (too weak) Possibly a monomer
F 5.36 525.2513 507, 489, 471, 453, 443, 415, 397, 245 several losses of water (alcohol,
acid, glycosides?)
G 5.76 539.2327 539, 521, 503, 485, 467, 421, 301, 255 several losses of water (alcohol,
acid, glycosides 77)
H 8.99 487.2169 469, 451, 441, 433, 423, 413, 405, 395, 377, 367,349, 321, 295, 175
several losses of water (alcohol, acid, glycosides 77)
I 9.19 485.1966 467, 449, 439, 431, 421, 411, 403, 393, 279, 203, 175 several losses of
water (alcohol, acid, glycosides 77)
J 9.72 489.2297 471, 453, 443, 435, 425, 415, 407, 397, 379, 369, 361, 295, 281, 177
K 9.92 487.2172 469, 451, 441, 433, 423, 413, 405, 395, 381, 369, 293, 279, 177 several
losses of water (alcohol, acid, glycosides 77)
L 9.99 507.2388 489, 471, 461, 453, 443, 435, 425, 415, 407, 397, 389, 287, 269, 257,
245, 239, 225, 197 several losses of water (alcohol, acid, glycosides 77)
M 12.36 | 487.2105 469, 451, 441, 433, 423, 413, 405, 395, 377, 367,349, 321, 295, 283
| several losses of water (alcohol, acid, glycosides 77)
N 12.58 | 485.1917 467, 449, 439, 421, 411, 393, 307, 293, 281, 267
O 12.91 | 489.2346 471, 453, 443, 425, 415, 397, 309, 295, 243, 229 several losses of water
(alcohol, acid, glycosides 77)
P 12.98 | 487.2138 469, 451, 441, 433, 423, 413, 405, 395, 293 secveral losses of water
(alcohol, acid, glycosides 77)
Q 13.31 | 489.2299 471, 453, 443, 425, 415, 397, 309, 295 several losses of water (alcohol,
acid, glycosides 77)
R 13.57 | 491.2480 473,455, 445, 437, 429, 427, 417, 413, 399, 381, 371, 357, 311, 297
several losses of water (alcohol, acid, glycosides 77)
13.90 | 230.2471 very mass sufficient
T 19.31 | 250.9737 very mass deficient
20.80 | 258.2784 240, 97, 85, 83, 71, 62, 58 very mass sufficient
Appendix 3. LC-MS and MS/MS of the compounds in Fraction 28.
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Elemental Composition
Heteroatom max: 20 Ion: Both Even and Odd
Limits:
0.5 0 0 6
507.2388 ! 25 20.0 1060 200 6
|
Mass mida FPM  Calc Mass DEBE C H N
507.2388 0.0 0.0 507.238787 1.0 16 36 5
- -05 -1.0 507.238279 13.5 30 34
| 0.8 1.6 507.239616 18.5 3 30 4
1.3 2.6 507.240130 0.5 18 38 2
1.9 3.7 507.236936 14.0 28 32 3
2.2 43 5()7.240959 18.0 33 32 1
2.7 53 507.241467 5.5 19 34 6
-3.2 -6.3 507.235593 14.5 26 - 30 6
4.0 79 507.242810 5.0 - 21 36 3
-4.5 9.0 507.234256 9.5 25 34 2
54 10.6 507.244152 4.5 23 38
-5.9 11.6 507.232913 10.0 23 32 5
6.7 13.2 507.245490 9.5 24 34 4
-7.2 -14.2  507.231576 5.0 22 36 1
8.0 15.8 507.246832 9.0 26 36 1
-8.6 -16.9  507.230233 5.5 20 34 4
9.4 18.5 507.248170 14.0 27 34 5
3.9 -19.5  507.2288% 0.5 19 38
-104 205 507.228383 18.5 32 30 2
10.7 211 507.249512 13.5 29 34 2
11.2 22.2 507.227553 1.0 17 36 3
-11.8 232 507.227040 19.0 30 28 5
12.0 23.8 507.250850 18.5 30 30 6
12.6 24.8 507.251363 6.5 17 38 4
-12.6  -24.8  507.226211 1.5 15 34 6
Appendix 4 Possible molecular formulae from HRMS of MW 506.2388

15
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'H Chentical shifts | Coupling Constants | Multiplicity | “C Chemical | Carbon- Type
() ppm @ shifts (8) ppm

224.00 C=
170.00 C=
165.05 C=0
149.97 Q carbon
148.00 Q carbon
147.46 Q) carbon
135.44 Q carbon
138.61 Q carbon
138.58 (@ carbon

6.32,5.71 34 d {122.0, 122.0) = CH,

:

6.19, 5.40 34 d (119.8, 119.8) = CH,

5.16,5.15 3.100 d (113.8, 113.%8) = CH,

4.14, 4.93,3.50 82.8, 84.0, 62.2 | C-0O bounds

Appendix 5 'H and C chemical shifts of the active C3H407 compounds. Q =

quaternary

151




Appendices

1 0.01-26.35 SM:. 78 N
100 813 2B5E7
: TIC
180
H
;60—
2
§ 40— 128 267 431475 632 7.50 822 880 10.35 1126 _ 1332 1379 1589 19,27 2036 2149 2290 2500 26.10
3 o & ! 2. B .
. - == B = e T S B
mg e 7.33E4
Analog UV
ool 132197 55y 420 525 sap gsy. 886 s0mnm 1280 1483 1845 )7 o286 2249 2a00 25 !
8 '
40~
.
O . . QRIS o
° 2 4 6 3 10 12 w18 1 2 2 2 %

$:T83-517 "RT: 17581867 AVTS5 NITT92E6
++ ¢ Full ms [ 100.00 - 2000.00]
524.3
100 5262

90_

Relative Abundance
8
i

20
by 8520 9259 10000 10760 12240 13719 14458 15207 15857 1669.6 1B16.4 18926
1 i ik A AL A A oA BOREF Ee N DO LD
0 800 1000 1200 1400 1600 1800 2000
miz

Appendix 6 LC-MS showing of the active fraction containing compounds with
MH" of 507 and 509. The insert showing the UV/VIS spectrum of both of these
compounds
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Il cQ
B vre
I - -247
pH =421
B o -707
B o -9.06
B oH=1023

AEI
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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.
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Amino acid Crude LMW HMW 8000 14000

Cysteine |

Aspartate | 17.14 1.39 19.83 10.20 5.94
Threonine ’ 472 4.33 5.55 5.97 4.50
Serine 8.18 11.97 20.52 25.60 16.93
Glutamic apid 24.94 26.23 14.86 17.43 12.32
Proline 3.95 6.44

Glycine 10.80 13.35 16.01 21.12 23.77
“Alanine | 6.00 6.46 6.24 733 9.18
Valine | 4.55 4.69 2.81 2.70 4.60
Isoleucine |
| Methioniné 291 2.74 2.12 1.76 4.19
| Leucine j 2.93 1.40 3.19 2.32 5.42
Nor-}eucinje (IS)

Tyrosine '

Phenylalanfine 2.57 6.56 1.97 1.56 3.59
Histidine

Lysine ’ 3.37 1.76 3.30 2.39 5.94

|
Arginine ! 7.93 2.29 3.80 1.61 3.63

Appendix 8. Amino acid percentage composition of the bark extracts and fractions

thereof of S. birrea. Tt should be noted that the values for the LMW fraction are

inaccuratcfi because the sample could not be weighed.
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Appendix 9 Amino acid analysis of the standard amino acid analysis (Chromatogram
A) and the HMW fraction (Chromatogram B) — Done at SB in the UK
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