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Abstract

Fifty-five organic and aqueous extracts or II plants used in malaria therapy in Kisii District. Kenya were tested in vitro against
chloroquine (CQ)-sensitive and resistant strains or Plosnuuliumfotcipannn . or the plants tested. 7.'"'' were active (le<1I < 100 pg/ml),
Three plants. /1('1'1I011;(( lasiopus , Rhamnus prinoides and Ficus sur afforded extracts II ilh le,1I I alucs ranging less than 30 ug/ml
against both CQ-sensitive and resistant strains. Combination or some extracts I\ith CC) against the multi-drug resistant P.
)ir/ci/JtlI'IIIII isolate V liS revealed some synergistic cllcct. The plant extracts with IllII' le,," values may be used as sources lor novel
antimalarial compounds to be used alone or in combination with CC),
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K"),II'II/'{/.I:Plant extracts: Auriplasmodial; Mcdicinul pl,lI,!ts: fJIO,III/Oc!IlIlIl.!olcil'OI'/lIlIS: ncrgixtic L'l f'cct

I. Introduction

\

Plasmodium [alciparum, the most widespread etiolo-
gical agent for human malaria is becoming increasingly
resistant to standard antimalarial drugs which necessi-
tates a continuous effort to search for new antimalarial
drugs. Plants have invariably been a rich source Ior new
drugs and some antimalarial drugs in use today (quinine
and artemisinine) were either obtained [rom plants or
developed using their chemical structures as templates
(Gessler et al., 1994), Scientific evaluation of medicinal
plants used in the preparation or traditional medicine
has in the past provided modern medicine with effective
drugs for the treatment or parasitic diseases (Iwu et al.,
1994),
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Over thc past years. the scientific progress in malaria
chemotherapy has been more on the effects of already
existing drugs than the development of new ones. The
search for new antimalarial drugs has regained impor-
tance due to resurgence or drug resistant parasites in
many countries, Malaria chemotherapy and prophylaxis
are now targeting drug combinations with the hope of
achieving drug potentiation to circumvent or delay
resistance (Zucker and Campbell. 1993; WHO, 2000).
In South East Asia. the use of lirstline drugs with
urtcmisininc dcrivatcs such as artcsuuate have shown to
increase efficacy, protect drugs against resistance devel-
opment, reduce transmission or malaria and increase the
lifespan or antimalarial compounds (TOR, 2000). In
Kenya. chloroquine (CQ) has been discontinued as the
firstlinc treatment for malaria due to overwhelming
presence of resistant P. [ulcipurutn strains, Reports of
resistance to sulfadoxinc-pyrimetharnine, which is cur-
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rcntly used as the Iirstline drug, are 011 the increase
(WHO, 1998.2000; USN, 2001).

2. 1\Iaterials and methods

2.1. Plant materials

The plant samples were collected between March and
September 1999 from Kisii District, Nyanza Province,
Kenya based on ethnomedical use through interviews
with local communities (Table I). These were identified
and voucher specimens deposited at the Herbarium.
Botany Department, University of Nairobi, Nairobi.
The plant parts were air-dried under shade and ground
using a laboratory mill (root bark and stem bark) and a
kitchen blender (leaves).

2.2. Extraction

For each plant part, 25 g of the chaff was boiled (or 5
min in 250 ml of water followed by thorough mixing
(shaker) and soaking for 12 h. The extract was filtered
and freeze-dried to give 1-3 g of dry solid. Sequential

Tahk I
Plant parts collected based on cthnomedical data

Family/botanical name Vernacular Plant part
--------- ----- -----

Acan t haccac
.Il1.1/i";l1 hel<llliCtl L. (MP-SM/I/'}'I) Mokera ogcsim- Aerial

ba parts

Compositac
Aspiliu plurisctu Schweinf. (MI'·SMI
2~1/'}l)\
Mi('/'(I,dmslI prrifil/io (Lam.) O,Kuntze
(MI'-SM/24I'J<})
I vrnonia uuriculifern (Welw.) Hiern
IMI'-SM/2RI'J<})
I'. losiopus O.Hoffm. (MP·SM/3U/9'1)

Euphorbiaccace
Euphorbia inacquilatcra Sond. (MI'·
SM/37/99)

Rirangcru l.cuvcs

Motc O· Kebaki Leaves

Omosabukwa Leaves

Omosoricho Leaves

Ogota Kwembc- Wlwle
ba plant

Moraceae
Ficus sur Forssk. (MP·SM/67/99) Omora Stem

bark

Rhamnaceae
{UIIIIIIII/I.I'"ril/llid(',I· 1.·llcrit. (MI'·SMI Omonguroro
72/')'))
g staddo A.Rich. (MP·SMI75I'J9) Omontontono

Root
bark
Root
bark

Rubiaceae
Spennococe princeae (K.Schum.) Verde, Omonhabiebo
(MP·SMI78/99)

Whole
plant

Urticaceae
Urtica massuicu Mildbr. (MP·SM/821 Rise
'19)

Aerial
parts

organic extraction was u lxo done by soaking the plant
chaff for 4R h. using solvents of' increasing polarity
(hexane. chloroform, ethyl acetate, mcthnnol). The
solvent was removed under reduced pressure at 40 "C
and the residue was dried under vacuum over anhydrous
silica gel to give a dry solid or paste.

2.3. Prepcuation (~f' drugs

Stock solutions of crude extracts (250 ug/rnl) were
made wi th steri Ie wa ter (deion ized a nd a utoc1a ved) and
consecutively filtered first through 0.45 and 0.22 11m
microfilters in a laminar now hood. The water insoluble
extracts were first dissolved in dimethylsulfoxide (sol-
vent concentration < 0.02'1.,) (Elueze et al., 1996). A
stock solution of CQ phosphate (I ug/rnl) was similarly
prepared in sterile water. All the drug solutions were
stored at -2() C until used.

2.4. Cultures -r Plasnuuluuufalciparutn

La bora tory-ad a ptcd l'. [alcipurutu cu lt urcs of K39
(CQ-sensitive isolate. originally obtained from a patient
in Kisumu, Kenya) and ENT 30 (CQ-resistant isolate,
originally obtained from a patient from Entosopia,
Kenya). the international reference isolates NF 54
(CQ-sensitive) and VIIS (CQ-resistant) were used in
this study. The strains have been cultured and main-
tained at the Malaria Laboratories of Kenya Medical
Research Institute (KEMRI). Nairobi. The culture
medium was a variation of that described by Trager
and Jensen (1976) and consisted of RPMI 1640 supple-
mented with 10'1.1 human serum, 25 mM N-2-hydro-
xyethylpipera7.ine-N-2-ethanesulfonie acid and 25 mM
Na II CO,. II uman type 0+ erythrocytes ~ < 28 days
old) served as host cells and the cultures were incubated
at 37 C in an atmosphere or 3'1., CO~. 5'1., O2 and 92'1.,
N2·

2.5. Bioassavs

The in vitro semi-automated microdilution assay
technique that measured the ability of the extracts to
inhibit the incorporation of [Gv'l ljhypoxanthine into
the malaria parasite was used (Desjardins et al., 1979;
Omulokoli et al.. 1997). For the test, 25 ul aliquots of
culture medium were added to all the wells of a 9(i well
flat-bottom microculture plate (Costar Glass Works,
Cambridge, UK). Aliquot s (~5 pi) or the test solutions
were added. in duplicate. to the first wells. and a
Tiicrtek motorized hand diluter (Flow Laboratories,
Uxbridge. UK) was used to make serial 2-rold dilutions
of each sample over a 64-fold concentration range.
Aliquots (200 pi) of a 1.5'Yr, (voL-vol.) suspension of
parasitized erythrocytes in culture medium (0.4'% para-
sitemia: growth rate > 3-fold per 48 h) were added to all
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test wells. Parasitized and non-parasitized erythrocytes
were incorporated into all test s. The plates were
incubated at 37 C in a gas mixture 3'1., CO2, 5% O2

and 92'X, N2. Arter 48 h each well was pulsed with 25 pi
of culture medium containing n.5 pCi of [G-Jlljhypox-
anthine and the plates were incubated for a further 18 h.
The contents of each well were then harvested onto glass
fiber filters, washed thoroughly with distilled water,
dried and the radioactivity in counts pCI' minute (cpm)
measured by liquid scintillation.

Computation of the concentration of drug causing
50% inhibition of [G-'Hlhypoxanthinc uptake (ICS())

was carried out by interpolation alter logarithmic
transformation of both concentration and cpm values
using the formula, ICso = antilog (log XI +[(Iog l'so-
log Y!l(log X2 -log .II )]I( log )'] -log l'ill), where Yso
is the cpm value midway between p.uasirisized and
non-parasitisized control cultures and XI, YI, X2, and
Y2 are the concentrations and cpm values for the data
points above and below the cpm midpoints (Sixsmiih et
aI., 1984).

2.6. Drug interaction experiments

<tIThe method described by Canfield et ul. (1995) was
used. The solutions of initial concentrations 20-50 times
the estimated lC50 values were combined in various
ratios of antimalarial drugs. Single and combined drug

: solutions were dispensed into 96 Ilai-bouomed well
I microtitre plates to give duplicate rows of CQ alone,

the test drug (plant extract), and the nine combinations.
The ratios were spread into nine combinations ranging
from 90:10 to 10:90 (CQ:extract) (Fivelrnan er al., 1999).
Incubation and subsequent procedures wen; followed as
described earlier. The results were expressed as the sum
of the fractional inhibitory concentration (sum FIC)
(Berenbaurn, 197R).

\

3. Results and discussion

In the preliminary studies, all the 55 extracts from the
II plants were screened against K39. At least one extract
from 73% of all the plants screened against K39, a CQ-
sensitive P. [alcipanun isolate, showed activity of ICs"
val lies below 100 ug/rnl (Table 2). The extracts that were
with IC50 < 20 ug/ml were further assayed against F
54, ENT 30 and V liS (Table 3).

For K39, the two plant-, from Rhamnaceae (R.

prinoides and R. .I'/(u/do) showed mild aruiplasmodial
activity with methanol extracts being the hest (1('50 =
15.05 and 25.6-1 pg/ml, rcspcct ivcly). or the II plant
species investigated mcmbcrx oj' the lumily Corupositac
exhibited the best ant iplasmodia! activity with I'.
lasiopus giving the lowest I( "11 values. Both 1/. auricu-
lijer« and III. /ll'ri/iJ/ia yielded extracts within the mild

activity range (20-100 ug/rnl) while the hexane and
methanol extracts of A. pluriseta showed mild activity
with IC51l values of 62.70 and 40.81 ug/rnl, respectively.
or the five extracts of .J. betonica, only the methanol
extract had mild activity (IC5o = 69.55 ug/rnl). All the
ex tracts of E. inaequilatera, S. princeae and U. niassaica
did not show any in vitro antimalarial activity.

For both K39 and NF 54, V. lasiopus seem to give
comparable IC50 values for chloroform, ethyl acetate
and methanol extracts (1.21, 1.01 and 3.15 ug/rnl for
K39, and 1.67, 1.62 and 3.52 ug/rnl for NF 54,
respectively). There are cases in which both the CQ-
sensitive and resistant isolates seem to be equally
.susceptible to the same extracts. For instance, V.
lasiopus ethyl acetate extract had comparable ICso
values for all the isolates (1.01, 1.62, 1.37, 1.59 pg/ml
against K39, NF 54, ENT 30 and VIIS, respectively).
The hexane, chloroform and methanol extracts of the
leaves of Ii /lI.1'i0l'IIS did not show any appreciable
bioactivity hy the brine shrimp lethality test (Meyer ct

a l., 1982).
The extracts of V. lasiopus, which exhibited IC50

values :0;: 5 ug/ml singly were combined with CQ and
tested against the multi-drug resistant P. falciparum
isolate, V liS (Table 4). Except for a few drug combina-
tions, CQ and V. lasiopus extracts exhibited good
synergy.

The best extracts against K39 were those of V.
/lI.1'iOPIiS which gave IC50 values of 1.21, 1.01 and 3.15
pg/ml . from chloroform, ethyl acetate and methanol
extracts, respectively. These values are nearly clouble the
ICso values of the crude extracts of Cinchona species
(1(' 511 = 0.5 ug/rnl) against P. [alciparuni (Weenan er al.,
I t)t)()). Further, screening the extracts which showed low
IC50 values with K39, N F 54, ENT 30 and V liS confirm
that the extracts had good antiplasmodial activity. V.
/II.1'ioJlII.l' extracts exhibited very low 1('511 values Ior all
the four isolates. The chemistry and biological activity
of ot her Vernonia species such as V. brachycalvx a nd V
aniygdalina have been reported (Oketch-Rabah, 1996)
In these studies, in vitro antiplasmodial activity of V.
brachycalyx chloroform: ethyl acetate (I: I) crucle ex-
tract (leaves) had the best activity against K39 (1('50 =

6.62 ug/rnl) and V liS (ICso = 8.43 ug/rnl) while the
methanol extract had IC50 values of 29.62 and 16.6-1
pg/ml against K39 and VIIS, respectively. The aqueous
extract showed the lowest activity with IC,o values of
31.22 and 30.22 ug/rnl against K39 and V l/S, respec-
tively (Okcich-Rabah, 1996). These findings are consis-
tent with the results of the present study in which the
best activity were those of the ethyl acetate and chloro-
form ext racts against all the four P. J(t1ci/I{//'l1/1I isolates
used. The activity of the chloroform, ethyl acetate and
methanol extracts of V. lasiopus ranged from 1.01 to
4.13 ug/ml for both the CQ-sensitive and resistant
isolates. Although several cornnounds were isolated
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test wells. Parasitized and non-parasitivcd erythrocytes
were incorporated into all tests. The plates were
incubated at 37 C in a gas mixture 3'1" CO2, 5'X, O2

and 92% N2. After 48 h each Wl!1Iwas pulsed with 25 pi
of culture medium containing n.5 uCi of [G-Jlllhypox-
anthine and the plates were incubated for a further 18 h.
The contents or each well were then harvested onto glass
fiber filters, washed thoroughly with distilled water,
dried and the radioactivity in counts pCI' minute (cprn)
measured by liquid scintillation.

Computation of the concentration of drug causing
5O°/.. inhibition of [G-1Hlhypoxanthine uptake (ICso)
was carried out by interpolation after logarithmic
transformation of both concentration and cpm values
using the formula, IC51l = antilog (log XI +[(Iog Y50-

log YI )(Iog X2 -log XI )]I(log Y2 -log rill), where Y50

is the cpm value midway between purasiiisizcd and
non-parasitisized control cultures and XI, }'I, .\'2, and
Y2 are the conccntrutions and cpm values for the data
points above and below the cpm midpoints (Sixsmith ct
aI., 1984).

2.6. Drug interaction experininu«

-.t'The method described by Canfield et ul. (1995) was
used. The solutions of initial concentrations 20-50 times
the estimated IC50 values were combined in various
ratios of antimalarial drugs. Single and combined drug

• solutions were dispensed into 96 flat-bottomed well
" microtitre plates to give duplicate rows of CQ alone,

the test drug (plant extract), and the nine combinations.
The ratios were spread into nine combinations ranging
from 90:10 to 10:90 (CQ:extract) (Fivelman et al., 1999).
Incubation and subsequent procedures were followed as
described earlier. The results were expressed as the sum
of the fractional inhibitory concentration (sum FIC)
(Berenbaum, 197R).

3. Rcsulls and discussion

In the preliminary studies, all the 55 extracts from the
II plants were screened against K39. At least one extract
from 73'X, of all the plants screened against K39, a CQ-
sensitive P. falcipanun isolate, showed activity or ICslI

values below 100 pg/ml (Table 2). The extracts that were
with ICso < 20 pg/ml were further assayed against F
54, ENT 30 and V lIS (Table :I).

For K39, the two plants trorn Rhumnaccae (R.

prinoides and R. swt/t/o) showed mild ant iplasmodial
activity with methanol extracts being the best (IC50 =

15.05 and 25.11~ pg/ml, respectively}. Of the II plant
species investigated mcrnbcr-, 01' the l"aillily Composituc
exhibited the hest .uu inl.rxmodi»! .rct ivit v wii h ".

activity range (20-100 pg/ml) while the hexane and
methanol extracts of A. pluriseta showed mild activity
with ICsll values of 62.70 and 40.81 ug/rnl, respectively.
or the five extracts of 1. betonica , only the methanol
extract had mild activity (IC5o = 69.55 ug/rnl). All the
ex tracts of E. inaequilatera, S. princeae and U. massaica
did not show any in vitro antimalarial activity.

For both K39 and NF 54, V. lasiopus seem to give
comparable IC50 values for chloroform, ethyl acetate
and methanol extracts (1.21, 1.0 I and 3.15 ug/ml 1'01'

K39, and 1.67, 1.62 and 3.52 pg/ml for NF 54,
respectively). There are cases in which both the CQ-
sensitive and resistant isolates seem to be equally
susceptible to the same extracts. For instance, V.
lasiopus ethyl acetate extract had comparable ICso
values for all the isolates (1.01, 1.62, 1.37, 1.59 ug/rnl
against K39, NF 54, ENT 30 and V liS, respectively).
The hexane, chloroform and methanol extracts of the
leaves of V. lasiopus did not show any appreciable
bioactivity by the brine shrimp lethality test (Meyer ct
al., 19R2).

The extracts of V. lasiopus, which exhibited IC50

values ~ 5 ug/rnl singly were combined with CQ and
tested against the multi-drug resistant P. falciparutn
isolate, VIIS (Table 4). Except for a few drug combina-
tions, CQ and V. lasiopus extracts exhibited good
synergy.

The best extracts against K39 were those of V.
lasiopus which gave ICso values of 1.21, 1.01 and 3.15
pg/ml . from chloroform, ethyl acetate and methanol
extracts, respectively. These values are nearly double the
ICso values of the crude extracts of Cinchona species
(ICsll = 0.5 ug/rnl) against P. [alciparum (Weenan et al.,
1990). Further, screening the extracts which showed low
ICso values with K39, NF 54, ENT 30 and VIIS confirm
that the extracts had good anti plasmodial activity. V.
lasiopus extracts exhibited very low 1(\/1 values for all
the four isolates. The chemistry and biological activity
of other Vernonia species such as V. brachvcalvx and V.
aniygdalina have been reported (Ok etch-Rabah, 1996)
In these studies, in vitro antiplasmodial activity of V.
brachycalyx chloroform: ethyl acetate (I: I) crude ex-
tract (leaves) had the best activity against K39 (I ('so =

6.62 ug/ml) and VIIS (IC5o = 8.43 ug/rnl) while the
methanol extract had ICso values of 29.62 and 111.64
ug/rnl against K39 and VIIS, respectively. The aqueous
extract showed the lowest activity with ICsll values of
31.22 and 30.22 ug/ml against K39 and V I IS, respec-
tively (Okctch-Rabah, 1990). These findings arc consis-
tent with the results of the present study in which the
best activity were those of the ethyl acetate and chloro-
form extracts against all the four P. [alcipanuu isolates
used. The activity 01' the chloroform, ethyl acetate and
methanol extracts or V. laxionus ranncd from I.()I to
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Table 2
The mean 1(",,, values (x ± S.D.) for plant extracts screened against 1'. 1,,1, ;1,,,,.,,,1/ i",la\c K 1')

Pia n t species IC~,,±S.IJ. (~Ig/Illl)
------ -----
Hexane Chloroform [th) I acetate Methanol Water

-------
Aspilia pluriseta 62.7 ±B.9 > 100 > 100 40.8±5.7 100
Euphorbia inaequilatera > 100 > 100 > 100 > 100 > 100
FicIIS sllr 19.2± 1.3 9.0± 3.2 > 100 > 100 > 100
Justicia betonica > 100 > 100 > 100 69.6± 1.9 > 100
Microglossa pyrifoti« pyrifolia 72.5± 2.5 58.4 ± 1.9 79.5±2.7 68.4 ± 3.5 > 100
Rhamnus prinoides > 100 96.8± 1.0 50.7±3.0 15.1 ±2.3 82.3 ± 2.44
R. staddo > 100 > 100 35.2 ± 3.7 25.6 ± 2.4 > 100
Spcrmacoce princcue > 100 > 100 > lOll > 100 > 100
Urtica massaica > 100 > 100 > 100 > 100 > 100
I' <'I'I/{II/io auriculifera > 100 37.7± U 40.3 ± 2.0 55.2 ± 2.3 > 100
I'. lasiopus > 100 1.2 ±1l.1 1.1l±1l.1 3.2+(U > 100

CQ ICso value = 0.021 ug/rnl and was included as positive control.

Table 3
The mean I 50 values (x±S.D.) for selected plant extracts against P.
[alciparum isolates K39, NF 54, ENT 30 and VIIS

Extracts IC50±S.u. (ug/ml)

CQ-sensitive isolates CQ-resistant isolates

K39 NF 54 ENT 30 VIIS

Ficus sur

Hexane 19.2±1.3 > 62.5 27.4±6.9 > 100

R. prinoides
Methanul 15.1 ±0.3 > 62.5 23.2 ± 1.8 29.9± 1.8

V. lasiopus
Chloroform 1.2±0.1 1.7 ±0.3 3.6 ± 1.0 3.4±0.3
Ethyl acetate 1.0±0.1 1.6±0.4 1.4±0.1 1.6:H).9

CQ (ug/rnl)" 0.021 0.016 0.0(,6 n.073

a CQ is included as a positive control.

Table 4
Interactions of CQ with v. lasiopus extracts against multi-drug
resistant P. [alcipanun isolate V liS

Combination ratios Sum FIC

CHCI3 EtOAc MeOH

90:10 0.16 0.55 0.24
RO:21l 0.20 0.32 0.31

70:30 0.14 0.31 0.17
60:40 0.15 0.26 0.17
50:5!) 0.32 0.29 0.11
40:60 0.16 0.29 0.14
30:70 0.15 0.31 0.73
20:80 0.13 1.00 1.17

10:90 0.97 1.24 1.84

FIC values < I :synergism, FIC values > I .antugonism. FIC
val lies = I .addition.

from I'. bmchvcatyx, 1(),17-oihydrobrachycalyxolid was
shown to be the major antiplasrncdial principle with
ICs() values or 4.2 and 13.7 ug/rnl against K39 and 3d 7
(both CQ-sensitive), 3.0 ami 16.1 ug/rnl against VIIS
and Dd 2 (both CQ-resistant), respectively (Oketch-
Rabah et al., 1998). The crude extracts of V. lasiopus
exhibited good antiplasmodial activity comparable to
those of Cinchona (0.5 ~tg/1l11)and even better than the
active principle of V. brachvcalyx . It would be interest-
ing to investigate this plant for novel anti plasmodial
compounds.

/<//011/1/11.1 prinoides showed moderate activity (ICso =.
15.05 96.RO pg/ml). This plant warrants detailed study,
especially the methanol extract, which had lCso value of
15.05 ug/ml against K~9. FicIIS Sill' was the only plant
that had an active hexane extract (ICso = 19.15 ug/rnl).
The chloroform extract (ICso = 8.99 ug/rnl) was also
amongst the highest active against K39 and therefore
the plant warrants further detailed biochemical studies.

Of the II plant species screened against K39, only 3
plant species showed no antiplasmodial activity (lCso >
100 ug/rul) for all of the extracts (s. princeae , E.
inaequilutera and U. massaicu ). The lack of antiplasmo-
dial activity in these plants may not necessarily imply
the same in vivo since compounds may either act' as pro-
drugs (which must undergo metabolic changes to
achieve the required activity), febrifuges (fever is one
of the symptoms associated with uncomplicated severe
P. [alciparuin malaria) or immuno-modulators, Besides
the presence of bioactivc compounds depends on many
factors such as the season. age, intra-species variation,
part collected. soil ami climate. Therefore, lack of in
vitro activity in this case does not disqualify the use of
these plants as traditional antimalarials. While plant
extracts may not display in vitro activity they may
display in vivo activity (Gessler et al., 1995) or vice
versa. It is. therefore, necessary to undertake in vivo
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investigation of these plants before any conclusion on
their efficacy as antimalarials could be drawn.

V lasiopus extracts potentiated CQ at all combina-
tions except for a few which showed antagonistic or
additive effects. Several synthetic molecules have been
shown to restore CQ-scnsitivity in resistant P. [alci-
pan III I strains (Oduola et aI., 1998). However, very little
work has been done on the reversal of CQ-rcsistance
using herbal remedies. Rasoanaivo et al. (1992) investi-
gated several medicinal plants used by local populations
in Madagascar in association with CQ. They have
shown that the crude or pure alkaloids. significantly
enhance CQ action both in vitro and in vivo.

4. Conclusion

The fact that 73% of the plants screened in vitro had

\

some level of antiplasmodial activity would justify their
I ethnopharmacological uses as traditional antimalarials.

'1 After detailed in vivo antimalarial evaluation and
I thorough toxicological studies, some or these plants

may be recommended as antimalarials in known dosages
especially in rural communities where the conventional
drugs are unaffordablc or unavuilahlc and the health
facilities inaccessible. Similarly, some of these plants like
Y lasiopus may be recommended for CQ potentiation
after detailed scientific evaluation in vivo. Biochemical
investigations on some of thcse plants may provide
'useful templates for the development of novel antima-
larial drugs which are effective against CQ-resistant P.
falciparum strains.

\.
\

I
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