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Summary of the Research Carried Out:

Since chemotherapy is presently the primary strategy of malaria

control In the world, and some malaria parasites are developing resistance to

the commonly used antimalarial drugs, It would be important to test

antimalarial activities of medicinal plants which have been traditionally

claimed to cure malaria with the hope of developing new antimalarial

compounds, The antimalarial activities of extracts of Albizia gummifera and

Aspilia mossambicensis against culture adapted isolates of Plas mod turn

falciparum were evaluated using an in vitro ^H-hypoxanthine uptake

technique. Chloroquine was used as a standard antimalarial drug for

comparison with the plant extracts, The plant extracts showed various levels

of activities (expressed as 50% inhibitory concentrations (IC5QS) in ug/ml of

test culture) against P. falciparum in vitro, with Al gummifera showing the

highest activity (mean I C 5 0 of 5 98 i 2 . 9 SD, n = 6), followed by A.

mossambicensis (mean IC5Q 73.36 ±59.3 SD, n = 18), The mean antimalarial

activity of the standard drug chloroquine (in ug/ml) was 0,037 (+0.04 SD, n =

10), far much higher than that of the plant extracts. Future studies will

analyze the chemical components of these plant extracts with a hope of

isolating pure and more active compounds, and also determine their in vivo

safety and efficacy in treating malaria infections, Antimalarial activities of

extracts from other medicinal plants will also be investigated

Background Information:

Malaria remains one of the most serious tropical diseases and kills an

estimated two to three million people each year worldwide. The problem of

drug resistance by some strains of malaria parasites is already threatening

the global war against malaria. As a result, the WHO has been carrying out a



co-ordinated programme into the development of antimalarial drugs from

plant sources (Farnsworth et al, 1985). It has been known for some time that

extracts of several plant families including AmaryUidaceae, Saxijragaceae and

Simarubaceae, exhibit antimalarial activity (WHO, 1984).

In antimalarial chemotherapy, quinine is probably the best known

example of a medicinal drug of plant origin More recently, and as a result of

the efforts by Chinese scientists and the World Health Organization, interest

and hope has been centered on qinghaosu, the active component of the

medicinal plant Artemisia annua L. [Compositae}. These studies should

stimulate a re-examlnation of other plant products which have been claimed

by traditional herbalists to treat malaria This project aims at screening

Kenyan medicinal plants for antimalarial effects on Plasmoduim falciparum in

vitro". And this report shows that Albizia gummifera (Leguminosae) and

Aspilia mossambicensis (Compositae) have antimalarial activities against P.

falciparum in vitro,

Materials And Methods:

1. Collection And Extraction Of Plant Materials:

All plant materials were collected from Kenya after positive taxonomic

identification, Stem barks of Albizia gummifera and roots of Aspilia

mossambicensis were dried and powdered before extraction. To make the

crude or total extracts of Albizia gummifera and Aspilia mossambicensis,

powdered plant material were soaked In cold methanol for 48 hours, filtered

and then evaporated to dryness using rot-vapour before using for antimalarlal

tests.

Fraction-1 and fraction-2 of Albizia gummifera were made by dissolving

the total extract in water, followed by acetone precipitation and then
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centrifugation. The supernatant (fraction-l) and the pellet or precipitate

(fraction-2) were separated out and dried completely before using for setting

antimalarial assays.

Chloroform extracts of powdered Aspilia mossambicensis were

subjected to column chromatography using silica gels as the adsorbent. The

elution was carried out in a gradient manner starting with 100% hexane

followed by percentages of chloroform up to 100°6 chloroform. Fractions

obtained were monitored using thin -layer chromatography with silica gel as

the adsorbent and similar fractions pooled, This led to the isolation of a pure

terpenoldal compound coded fraction-1. Aspilia mossambicensis chloroform

extract was further extracted with methanol for 48 hours and then placed in

a column packed with silica gel. Elution was done isocratically using butanol:

acetic acid, water (top layer) in the ratio 4:1:5, respectively, Elution was

facilitated by applying nitrogen pressure. Similar fractions were pooled and

stored separately Two fractions were isolated, fraction-4 and fraction-5

Fraction-4 was a pure compound while fraction-5 was impure Aspilia

mossambicensis total extract and fraction-l, 4 and 5 were then used for

setting antimalarial drug assays

2. Preparation of Antimalarial Drug Solutions and Test Plates:

Albizia gummlfera total extract and fractions were dissolved in

incomplete medium (RPMI 1640 with glutamine (Gibco, Grand Island NY),

5.96 g/1 of Hepes and 2,65 g/1 of sodium bicarbonate) to make a stock

solution of 5g/l The plant extract stock solutions were successively filter

sterilized using 0.45 and 0.22 micron filters and then aliquoted in 2ml

cryovials and stored frozen at -20°C if not used immediately. The control

antimalarial drug chloroquine phosphate (Dawa pharmaceuticals, Nairobi,



Kenya) was first dissolved in autoclaved distilled water to make 806.34

mg/ml solution, diluted 1:100 in autoclaved distilled water to make 8063 4

ug/ml solution and then further diluted 1:40 in incomplete medium to make

a stock solution of 20L585 ug/ml The chloroquine stock was also filter

sterilized then aliquoted in 2ml cryovials and stored at -20°C,

To set up antimalarial drug test plates for A. gummifera plant extracts

and for chloroquine solutions, 75ul of complete culture medium (incomplete

medium supplemented with 12% v/v human serum) was added into each

well of 96 well flat bottom microculture plate 25ul of drug stock solutions [A.

gummifera or chloroquine) was then added In duplicate to the wells of row A

of the microculture plate and then four-fold serially diluted upto wells of row

G of the test plate. Wells of row A had the highest drug concentration, wells

of row G had the lowest drug concentration and wells of row H had no drug

and therefore served as control. These test plates with wet drug preparations

were used immediately for setting in vitro antimalarial assays.

Aspilia mossambwensis total extract and fractions were dissolved in

absolute ethanol to make a stock solution of lOg/ml which were four-fold

serially diluted in 70% ethanol to achieve seven-fold range of concentrations

(lOmg/ml - 0 00244 mg/ml) in separate tubes labelled A to G. 25ul of test

drug concentration from tubes A through G were added in wells of row A

through G, respectively, of the 96 well-flat bottom plates. Wells of row A had

the highest concentration of drug (250 ug/ml) while wells of row G had the

lowest concentration of drug (2.44 ug/ml) and wells of row H received 25ul

of 70% ethanol with no drug. The test plates were then dried for 72 hours at

37°C to evaporate the ethanol/water and then stored at 4°C until used for

setting antimalarial assays.



3. Isolates of P.falciparum:

Plasmodium falciparum isolates Ent 22, Ent 30, S104, JPU9 and K67

had previously been isolated from Kenyan patients and used for many other

studies In our laboratory P.falciparum strains FCR 3 and NF54 (Armsterdam

airport strain) were previously obtained from our external collaborators and

maintained in our laboratory, These isolates had previously shown different

levels of sensitivity to chloroquine with Ent 22, Ent 30 and S104 being

chloroquine resistant and K39, K119, K76 and M24 being chloroquine

sensitive. All the parasite isolates were routinely maintained In culture in our

laboratory using established methods with minor modifications as described

by Chulay et al (1984).

4. In Vitro Antimalarial Tests:

For the A. gummifera and chloroquine wet drug preparations in

microculture plates, asynchronous malaria infected red blood cells from

culture were diluted with washed uninfected red blood cells and complete

culture medium (supplemented with 12% human serum) to achieve 10%

haematocrit and 1-2% parasitaemia. The test cultures were then

supplemented with 16uCi/ml of ^H-hypoxanthine (Amersham International,

Burkinghamshire, UK). 25ul of the cultures (with ^H-hypoxanthine) were

then added in duplicate in each well of the test plate to achieve 2 5%

haemotocrit of lOOul test culture In each well of the test plate The loaded

drug test plates were then incubated at 37% in gas-tight box In an

atmosphere of 3% CO2, 5% O2 and 92% N2 (East African Oxygen, Nairobi,

Kenya) for 48 hours. At the end of the incubation period, the radioisotoplcaily

labelled cultures were harvested onto glass fibre filters (Skatron, Sterling,

VA) using an automated multiple harvester (Skatron) then dried. The dried



filter disks were transferred into lml of scintillation fluid and radioactivity

was counted in a liquid scintillation beta-counter (LS 1801, Beckman,

Fullerton, CA).

lOOul of P, falciparum isolate cultures (at 2.5% erythrocyte suspension

and 1-2% parasitemia) supplemented with 4uCi/ml of ^H-hypoxanthine were

added in duplicate wells of the test plates previously predosed with A.

mossambicensis extracts The loaded drug test plates were similarly

incubated for 48 hours at 37°C In gas-tight box under gas atmosphere of 3%

CO2. 5% O2 92% N2, harvested and scintillation counted as described above

5. Calculation of IC50 Values:

The drug concentration and mean radioactivity counts per minute

(CPM) were transformed into a logarithmic scale and the IC5Q values

calculated using the modified methods of SixsmLth et al (1984). Since there

were no unparasitized red blood cell controls in the assays, the mean CPM

values of the wells without drug were halved to the get the midpoint value for

computation of IC 5 0 (Ofulla et al 1994). The chemosensltivity data (IC50S) of

all the isolates were expressed in microgrammes per millilitre of test

cultures.

Results:

50% inhibitory concentrations (IC5QS) for A, gummifera crude (total)

extract ranged between 3 5 and 9.5ug/ml for three parasite isolates and were

<73ug/ml for other five parasite isolates tested, Table I For A.

mossambicensis crude (total! extract, IC50S ranged between 19,5 and

54,9ug/ml for six parasite isolates. The IC50 values for the standard



antimalartal drug chloroquine were much lower (0 0008 - 0,127ug/ml) than

those of the plant extracts, Table 1.

Table 2 shows IC50 values for different fractions and total extracts of A.

gummifera and A. mossambicensis IC50S for A. gummifera total extract and

fraction-1 against P. falciparum isolates M24, NF54 and K39 were all

<2.2ug/ml while ICggs for fraction-2 ranged between 2 and 8ug/ml. For A.

mossambicensis, IC50S for P. falciparum isolates M24, NF54, JP119 and K67

were 8 8, 32 2, 58.5 and 54.7ug/ml for fraction-1; 85.3, 93 3, 257 5 and

134.0ug/ml for fraction-4; >1250ug/ml for fracUon-5; and 54.5, 89.7, 129 3

and 113 Oug/ml for the total extract, respectively. The [C5QS for chloroquine

were far much lower (0.0008-0.027ug/ml), table 2,

Discussion and Conclusions:

These data indicate that A. gummifera and A. mossambicensis plant

extracts have potential antimalarial compounds. Ongoing phy to chemical

studies by one of my co-Investigator, Mr. G. Rukunga, show that A. gummifera

total extract contains terpenoids, saponins and alkaloids, and A.

mossambicensis total extract contains terpenoidal and phenolic compounds

A potent antimalarial drug, quinine. Is an alkaloid It is therefore not unusual

if the high antimalarial activity of A. gummifera is due to alkaloids in the plant

extract. Other antimalarial drugs such as chloroquine are synthetic analogues

of Isoquinoline which are a particular class of alkaloids Terpenoids such as

artemisinin (qinghausu) have also been reported as good antimalarial

compounds and this can explain why A. mossambicensis extracts which

contains terpenoidal compounds have antimalarial activities.

The purified active compound (s) in A. gummifera should be at least 10

times more active than the total extract or fraction! or 2 (Rukunga, personal
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communication). This Is a good reason for carrying out further investigations

on A. gummifera as a promising antimalarial drug plant Further work should

Include purification and in vitro antimalarial screening of the active

compound (s) of A. gummifera and animal toxicity studies and efficacy testing

against P. berghei malaria parasites in mice before in vivo testing can be done

In man..

A, mossambicensis extracts were poorly soluble in water and were

therefore dissolved using ethanol. Water soluble chemical compounds from A.

mossambicensis should be synthesized and tested against P. falciparum in

vitro since the apparently lower activity of A. mossambicensis could have

been due to its poor solubility in aquaous malaria cultures,

At this time when certain P. falciparum strains are becoming more and

more resistant to commonly available antimalarial drugs, extracts from

various plants claimed to have medicinal values should be screened for

antimalarial activities using the in vitro ̂ H-hypoxanthlne uptake technique

This should be a priority especially for the tropical countries where malaria

is endemic and causes heavy mortalities and morbidities each year. Medicinal

plants are abundant in tropical countries and if some of them can be

confirmed to have true antimalarial activities, then this will make malaria

therapy cheaper in the poorer countries and save many lives
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Table 1. Antimalarial activity (IC50) of chloroquine and crude (total)
extracts of Albizla gummifera and Aspilla mossambicensis against
Plasmodiii m

Isolate
Ent.22
Ent30
FCR3
K39
Kil.9
M24
NF54
S104

falciparum isolates in

Chloroq.
0.014
0.10

0,059
0.010
0.018

0,0008
0006
0,127

vitro.

9.5
7.9

<73.0
<73 0

3 5
<73.0
<73.0
<73.0

As. mossa.
300
21 9
37.9
54.9
195

F
F

45.6
IC50 = 50% inhibitory concentrations in microgrammes/ml of test
culture, F= test failure



Table 2. Antimalarial activity (IC50) of chloroquine and different fractions
of Aspilla mossambicensis and Alblzla gummlfera extracts against

Isolate

M24
NF54
K39
JP119
K67

Chlorq.

0 0008
0.006

0,0098
0.027
0.006

AsDilia mossambicensis
T Extr.

54.5
89.7
ND

1293
113.0

Fract 1
8.8

32.2
ND
58.5
54.7

Fraet.4
85.3
93.3
ND

257.5
134.0

Fract. 5
>1250
>1250

ND
>1250
>125O

Albizia fiummifera
T. Extr

<2,2
<2 2
<2 2
ND
ND

Fract. 1
<2 2
<2 2
<2 2
ND
ND

Fract. 2
4.7
2.3
8.0
ND
ND

IC50 = 50% Inhibitory cone's In micrograms/ml of test culture, ND=Not
done.


