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ABSTRACT

Introduction: Reports of emergence of Artemisinin Combination Thera-
pies (ACTs) resistant malaria parasites in Greater Mekong region and Equa-
torial Guinea, is a strong reason necessitating increased efforts to discover
new antimalarial compounds with novel mechanisms of action. Plants have
potential to yield new antiplasmodial compounds. This study investigated
the safety and efficacy of three plants; Bersama abyssinica Fresen, Rubus
keniensis Standl and Hypoestes verticillaris (L.f.) Sol. ex Roem. and Schult
that are used by the Ogiek community of Kenya for treatment of malaria.
Methodology: The crude extracts were tested for in vitro antimalarial activ-
ity using Plasmodium falciparum strains \WW2 (chloroquine resistant) and D6
(chloroquine sensitive). Safety evaluation was done using monkey kidney
Vero cells and the brine shrimp lethality test. Results: Dichloromethane:
methanol (1:1) and 5% aqueous methanol extracts of the three plants ex-
hibited in vitro antiplasmodial activity against the W2 and D6 Plasmodium
falciparum strains with IC_ = 12.11-19.18 pg/mL, 5.46-7.04 pg/mL and 9.82
— 34.52 ug/mL, respectively. H. verticillaris extracts were the most active
against the two Plasmodium falciparum strains. The dichloromethane:
methanol extracts of the three plants exhibited lower toxicity on monkey

INTRODUCTION

According to WHO, 219 million malaria cases and 435,000 deaths, re-
spectively were reported in the year 2017 in 83 countries, with 90% of
global malaria cases occurring in Africa. Children below five years and
pregnant women are the most affected.! Malaria in pregnancy leads to
abortion, low birth weight, stillbirths and maternal anemia.> Malaria is
a disease caused by a parasite and transmitted through the bites of fe-
male Anopheles mosquito. Four main malaria parasites include; Plasmo-
dium falciparum, Plasmodium vivax, Plasmodium malariae and Plasmo-
dium ovale. Ten years ago, Plasmodium knowlesi, was found to be endemic
in humans in parts of Southeast Asia.’ Plasmodium falciparum causes
severe and fatal malaria, which accounts for 90% of all cases and deaths
worldwide.”Malaria can be controlled using vector control methods, vac-
cines and chemotherapy. Vector control has had challenges like the resis-
tance of the vector to available insecticides and environmental pollution
by the residual sprays® and likewise the recently developed RTS, S; a pre-
erythrocytic vaccine for the prevention of clinical P. falciparum malaria
in children, does not have a sufficiently high efficacy.® Chemotherapy,
therefore, remains the main strategy for malaria control, but it has be-
come less effective due to high costs, drug resistance and inadequate ar-
mory of drugs. Malaria parasites have developed resistance to many of
the available antimalarials.” Resistance to the WHO recommended first-
line artemisinin combination therapies (ACTs), as of March 2017, has
been reported in Southeast Asia.® The resistance might spread to other
areas. New classes of antimalarial drugs are needed to provide alternative
drugs with different modes of action to cope with the developing P. falci-
parum resistance towards current antimalarials.
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kidney Vero cells relative to antiplasmodial activity as compared to the
5% aqueous methanol extracts. The mean Vero cells: parasite selectivity
index of the dichloromethane: methanol extracts was (4.8), B. abyssinica
(3.75) and R. keniensis (1.9), while for the 5% aqueous methanol extracts
they were H. verticillaris (1.0), B. abyssinica (1.95) and R. keniensis (1.75).
A similar toxicity profile was exhibited by brine shrimp lethality results.
Conclusion: The results support the use of the three plants for the treat-
ment of malaria. Therefore, they have potential to yield safe and effective
compounds targeting P falciparum malaria.

Key words: Antiplasmodial activity, Cytotoxic activity, Bersama abyssinica,
Rubus keniensis, Hypoestes verticillaris.
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Indigenous communities have used plants to treat malaria without
knowledge of activity and safety. Plants have played an important role
in the discovery and development of some of the antimalarials in clinical
use, such as artemisinin and quinine.” Continuous screening of medici-
nal plants both in vitro and in vivo may provide crucial evidence for their
use for the treatment of malaria. Consequently, the isolation of active
compounds from these medicinal plants could offer a critical lead for
the discovery of new antimalarial drugs.'® Bersama abyssinica is used to
treat malaria, stomachache, pneumonia, sexually transmitted diseases
and tuberculosis by the Ogiek and Sabaot communities in Kenya.!*"** In
Ivory Coast, it is also used to treat malaria, tuberculosis, typhoid fever
and stagnation by Bete people.'*"® It has been reported to treat rheuma-
tism, snake bites, as an aphrodisiac and to cure cancer.'*'® Hypoestes ver-
ticillaris is used by the Ogiek community in Kenya to cure tuberculosis,
chest pain, malaria and dry coughs. Rubus keniensis is used to treat stom-
achache, sexually transmitted infections and malaria among the Ogiek
community.'"* Based on the traditional uses of these plants, they were
selected for this study to validate the folkloric claims and ascertain their
safety. The plants were tested for antimalarial activity in vitro using Plas-
modium falciparum W2 and D6 strains. The extracts were also subjected
to cytotoxicity testing to ascertain their safety using mammalian cells

and the brine shrimp lethality test.
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MATERIALS AND METHODS

Collection and extraction of plant material

The plants were collected in May, 2015 in Mau forest with the help of
botanist Patrick Mutiso. The voucher specimens RO2015/01, RO2015/02
and RO2015/03 are deposited in the herbarium of the Department of
Botany at the University of Nairobi. The plant samples were air dried
for a minimum of two weeks and then ground into powder using a
miller. The ground materials were weighed and cold extracted with 1:1
dichloromethane: methanol and 5% aqueous methanol, respectively, to
obtain crude extracts. The filtered extracts were combined and solvents
removed under reduced pressure. The dried extracts were weighed and
stored in a freezer (-4°C) until needed for biological testing. The % yields
are recorded in Table 1.

Materials and chemicals

Dichloromethane and methanol were all obtained from Kobian Kenya
Ltd in Nairobi. Plasmodium falciparum W2 (CQ resistant) strain and
D6 (CQ-susceptible) strain were used for the study. The parasites were
obtained from BEI-resources (MR4/ATCC Manassas VA, USA).[*H]-
hypoxanthine and Rosewell Park Memorial Institute 1640 (RPMI-1640)
powdered medium were purchased from Glico Laboratories California,
U.S.A. Anti-coagulant free blood-collecting bags and sterile gloves (Tri-
fex’), 15 and 50 mL centrifuge tubes (Brinkmann Instruments Company,
Westbury U.S.A), 50 and 150 mL culture flasks (Corning’, U.S.A), mi-
croscopes slides and cover slips (Sigma Chemical Company, U.S.A), 0.45
and 0.22 pm filter units (Naglene’, Naglene Company, U.S.A), serologi-
cal Pasteur pipettes (Fischer Scientific, Pittsburg, U.S.A) were acquired
through Diagnostics, U.S.A. Brine shrimp eggs (Artemia nauplii) were
purchased from Aquaculture innovations (Grahams town, South Africa).

In vitro antiplasmodial assay

The semi-automated micro-dilution technique for assessing in vitro
antiplasmodial activity was adopted for the drug sensitivity studies for
the various plant extracts against P. falciparum isolates.'”* The 96 flat-
bottom well micro-titre plates (8 rows x12 columns) were set such that
all wells except the controls contain 25 uL of doubling concentrations of
drug solutions. Parasitized red blood cells (200 pL) were added so that
the total volume per well is 225 pL. The dry plant extract samples were
retrieved from the freezer (4°C) and dissolved in 50 uL of dimethylsul-
phoxide (DMSO) (solvent concentration in tests did not exceed 0.02%)
and the volume adjusted to 20 mL with distilled water.?! The test culture
at ring stage, having a percentage parasiatemia (%P) = 4% and growth
rates (GR) > 3% were used for sensitivity tests. After examining the para-
sites under microscope, the % P of the test culture to be added to the
wells of pre-dosed plates were adjusted to 0.4% and haemactocrit (hct)
adjusted to 1.5% with 50% RBC. The mixture (200 uL) was then added
into each well except for H, to H ,. The micro-titre plates were then incu-
bated at 37°C. After 48 h, [G-’H] hypoxanthine was pulsed in aliquots of
25 pL into each well and the plates incubated for further 48 h. The cells
were harvested using a multiple semi-automatic cell harvester onto glass
fibre filters for each row from A to H. The filters were then dried at 37°C
overnight (18 h), introduced into scintillation vials, 1 mL of scintillation
fluid (ecolume) added and the vials were loaded into a liquid scintillation
B-counter. Disintegrations per minute were calculated for each sample
representing the incorporation of [G-*H] hypoxanthine into the parasite
nucleic acids. The IC,  values were calculated using the XL fit curve fitting
software. Chloroquine and artemisinin were used as positive control. Ex-
tracts with IC, = <50 pg/mL were considered as active* and classified as
highly active (IC, = <5 ug/mL), promising activity (IC_ = 5-15 pg/mL),
moderately active (IC, = 15-50 pg/mL) and inactive (IC, = >50 ug/mL).
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In vitro cytotoxicity assay

In vitro cytotoxicity assay of the extracts was carried out following a
colometric assay using Vero type 199 kidney epithelial monkey cells.”
Cells were maintained in minimum essential medium (MEM), (GIBCO,
Grand Island, New York) containing 10% fetal bovine serum (FBS). Cell
suspension (2 x 10° cells/mL) was seeded onto 96 well micro-titer plates
row (A-H) and incubated at 37°C under 5% CO, for 12 h to allow cells
to attach after which drugs were added. Row H carried the highest drug
concentration and serial dilution was carried out to row B. Row A wells
3,6, 9 and 12 served as blanks while the remaining eight wells were nega-
tive controls (cells without drugs). The cells were incubated for 48 h at
37°C under 5% CO,, after which 10 pL of the 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) dye was added and the
mixture incubated for another 4 h. The media was removed from the
wells using a micro-pipette and 100 puL of DMSO added. The plates were
read on a scanning multi-well spectrophotometer (Multiscan Exlassys-
tems, U.K) at 562 and 620 nm as reference. Podophylotoxin, a natural
product isolated from Podophyllum species and its semisynthetic deriva-
tive etopoxide, were used as positive standards.

Data was analysed as follows:

0D sample 562—0D sample 620
X
0D control 562—0D620

100

Cell viability (%) =

Where OD = optical density

Data was transferred onto a graphic programme (EXCEL) and expressed
as percentage of the untreated controls. The 50% cytotoxicity concentra-
tion (CC, ) was calculated from linear regression analysis.

Brine shrimp lethality test

Plant extracts were dissolved in DMSO to make stock solutions (40 mg/
mL) and different volumes of extracts from the stock solutions were add-
ed into different vials each containing artificial sea water (3.8 g of sea salt
in 1 L of distilled water) followed by addition of ten brine shrimp larvae.
The volume in each vial was adjusted to 5 mL by adding more artificial
sea water to achieve the final concentrations of 240, 120, 80, 40, 24 and 8
pg/mL. The maximum concentration of DMSO in the final volume was
restricted to 0.6%. Each level of concentration was tested in duplicate.
The negative controls contained brine shrimp larvae, artificial sea water
and 0.6% DMSO. The vials were incubated under light for 24 h and the
live and dead larvae were counted after this period of incubation.

The mean percentage mortality was plotted against the logarithm of con-
centrations and the concentration killing fifty percent of the larvae (LC, )
determined from the graph.** The brine shrimp results are interpreted as
follows LC, < 1.0 pg/mL - Highly toxic; LC_ 1.0 - 10.0 ug/mL - toxic;
LC,, 10-30 pg/mL - moderately toxic; LC, > 30 < 100 pg/mL - mildly
toxic and >100 pug/mL as non-toxic.”

RESULTS

Antiplasmodial activity

Table 2 shows that all the extracts of the three plants exhibited in vitro
antiplasmodial activity against P. falciparum W2 and W6 strains. Hy-
poestes verticillaris dichloromethane/methanol extract gave an IC_ of
5.51 pg/mL against D6 strain and 5.48 pg/mL against W2 strain; while
the 5% aqueous ethanol extract gave IC_ = 5.46 ug/mL against D6 strain
and 7.04 ug/mL against W2 strain, respectively. Rubus keniensis dichlo-
romethane/methanol extract gave IC, = 34.52 ug/mL against D6 strain
and 19.45ug/mL against W2 strain; while the 5% aqueous methanol ex-
tract gave IC_ = 12.52 ug/mL against D6 strain and 9.82 pg/mL against
W2 strain. Bersama abyssinica dichloromethane/methanol extract gave
IC_ = 12.85 pg/mL against D6 strain and 12.48 ug/mL against W2 strain;
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while the 5% aqueous methanol extract gave IC, = 19.18 pg/mL against
D6 strain and 12.11 pg/mL against W2 strain.

Cytotoxic activity against Monkey Kidney cells

Table 2 shows that none of the tested extracts was highly toxic against
the mammalian cells. The toxicity results indicate that both the dichloro-
methane: methanol (1:1) and 5% aqueous methanol extracts of R. keni-
ensis exhibited moderate toxicity on the monkey kidney cells with CC_>
47.60 pg/mL and CC_ = 11.25 pg/mL, respectively. Similarly, both the
extracts of B. abyssinica (CC, = 38.43 and 28.97 ug/mL) and H. verticil-
laris (CC_ = 26.22 and 10.75 pg/mL) exhibited moderate toxicity against
the mammalian cell lines. The mean selectivity index for the three plant
extracts was R. Keniensis (1.90; 1.0); B. abyssinica (3.75; 1.95) and H. ver-
ticillaris (4.8; 1.75) for dichloromethane: methanol (1:1) and 5% aqueous
methanol extracts, respectively.

Brine shrimp toxicity

The brine shrimp test results (Table 3) show that both the 1:1dichloro-
methane: methanol and 5% aqueous methanol extracts of B. abyssinica
extracts were not toxic, as their LC,, values > 1000 and 282.52 pyg/mL,
respectively. The 1:1dichloromethane: methanol and 5% aqueous metha-
nol extracts of H. verticillaris exhibited moderate toxicity, with LC,, val-
ues of 85.64 and 88.22 pg/mL, respectively. According to our set classi-
fication, the 1:1 dichloromethane: methanol of R. keniensis with an LC_
of 177.68 is determined to be non-toxic, while the 5% aqueous metha-
nol extract with an LC_| of 85.06 pg/mL was moderately toxic to brine
shrimp larvae.

DISCUSSION

This study has provided evidence that the three plants B. abyssinica, R.
keniensis and H. verticillaris that are by used the Ogiek community and
Sabaots in Kenya have antiplasmodial activity against both chloroquine
sensitive and chloroquine resistant Plasmodium falciparum D6 and W2
strains, respectively. Furthermore, two independent tests were used to
interrogate the safety of two extracts of the three plants, cytotoxicity on
Monkey Kidney vero cells and the brine shrimp lethality test. The 1:1
dichloromethane: methanol extracts of all the three plants showed high
selectivity against Plasmodium falciparum as compared to the mam-
malian cells with selectivity index (SI) ranging from 1.4 to 4.8. The 1:1
dichloromethane: methanol extract of H. verticillaris exhibited the high-
est selectivity (SI = 4.8). Generally, the 5% aqueous methanol extracts of
the three plants exhibited low selectivity against the parasite cells, thus
they are judged to have higher toxicity. The brine shrimp results gave a
similar safety indicator profile with the 1:1 dichloromethane: methanol
extracts of R. keniensis and B. abyssinica being non-toxic, according to
the set criteria. The 5% aqueous methanol extract of B. abyssinica was
also none toxic. The 5% aqueous methanol extracts of R. keniensis and H.
verticillaris and the 1:1dichloromethane: methanol extract of H. verticil-
laris all showed moderate toxicity against brine shrimp larvae. The two
tests predict safety of the extracts and point to the 1:1 dichloromethane:
methanol extracts as having a good potential for isolation of active anti-
malarial compounds against both chloroquine sensitive D6 and chloro-
quine resistant Plasmodium falciparum W2 strains.

Previous phytochemical screening on Rubus keniensis indicated the pres-
ence of flavonoids, anthraquinones, saponins, steroids, reducing sugars
and polyoses. From our literature such no antimalarial activity has been
done on this plant. However, anti-microbial screening of the methanol
extract of this plant showed that it had a good anti-bacterial activity."
Phytochemical investigation on Bersama abyssinica revealed the pres-
ence of steroids, steroidal gylcosides, sugars, saponins and xanthones.
Hellebrigenin acetates isolated from this plant showed anti-tumor

Table 1: Percentage yield of the plant extracts.

Plant Quantity of DCM: % 5%H,0/ % Yield
drysample MeOH Yield MeOH
(kg) (9) (9)
B. abyssinica 5.7 597.5 10.5 192.1 3.4
(stem bark)
R. keniensis (root 2.1 221.1 10.5 50.4 2.8
bark)
H. verticillaris 39 324.1 8.3 99.1 2.7
(whole plant)
. weight of the crude
% yield = gt o ¥ x 100
weight of dried sample
Table 2: Antiplasmodial and cytotoxicity activity.
Plant Extract IC,, D6 D6 Sl IC,, W2 w2 sl Vero
(ng/mL) (ng/mL) CC,,(ng/
mL)
R. keniensis (1:1) 34.52 >1.4 19.45 >2.4 >47.60
R. keniensis5% H,0/ 12.52 0.9 9.82 1.1 11.25
MeOH
B. abyssinica (1:1) 12.85 3 8.48 4.5 38.43
B. abyssinica 5% 19.18 1.5 12.11 2.4 28.97
H,0/ MeOH
H. verticillaris (1:1) 551 4.8 5.48 4.8 26.22
H. verticillaris 5% 5.46 2 7.04 1.5 10.75
H,0/ MeOH
Chloroquine 0.00124 0.00153
Artemisinin 0.00708 0.0000492

SL: selectivity index (CC, vero cells/IC, parasites), MeOH: methanol, H,O: wa-
ter

Table 3: Brine shrimp lethality test.

Plant extract LC,, 95% Cl Regression Regression
ug/mL -yl Equations coefficient
R. keniensis (1:1) 177.68 124.10 - Y=60.419logx - 0.9876
254.40 85.921
R. keniensis (5% 85.06 55.58 - Y=65.808logx - 0.9644
H,0/MeOH 130.17 76.992
B. abyssinica (1:1) 1000 - Y=42.77logx - 0.9829
82.374
B. abyssinica(5%  282.52 191.69 - Y=62.508logx - 0.943
H,0/MeOH 416.39 103.2
H. verticillaris 85.64 70.22 - Y=109.65logx - 0.9178
(1:1) 104.34 161.92
H. verticillaris 88.22 69.57 - Y=91.321logx - 0.9931
(5% H,0/MeOH 111.86 127.67

activity.” Previous studies have indicated that aqueous extract have a
good antibacterial activity."** Phytochemical research on Hypoestes ver-
ticillaris revealed the presence of alkaloids and terpenoids. Alkaloids like
hypoestatin 1 and hypoestatin 2 isolated from this plant were found to
inhibit growth of murine P-388 cell line ED,; = 10(-5) ug/mL.*® Seco-
fusicoccane type diterpeniods have been isolated from this plant.” The
results provide evidence to support claims of safety and efficacy for treat-
ment of malaria by the Ogiek community in Kenya. Antimalarial plants

Pharmacognosy Communications, Vol 10, Issue 1, Jan-Mar, 2020
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used traditionally by the Ogiek community in Kenya should be investi-
gated for their antimalarial potential to increase the knowledge of the
useful flora of this community and provide active extracts. The docu-
mentation of antiplasmodial and cytotoxic profile of traditionally used
species can be useful as an initial and important step in pharmacological
evaluation that can lead to more rational use. Furthermore, antiplasmo-
dial plant extracts provide for the starting point for bioassay-guided iso-
lation of new antimalarial chemical constituents.

CONCLUSION

Extracts of the plants Hypoestes verticillaris, Bersama abyssinica, Rubus
keniensis used by the Ogiek community of Kenya exhibited antiplasmo-
dial activity against both chloroquine sensitive (D6) and chloroquine
resistant (W2) Plasmodium falciparum strains and extracts of Hypoestes
verticillaris exhibited the highest activity. Most of the extracts also ex-
hibited high selectivity towards Plasmodium falciparum compared to
monkey kidney Vero cells. The results show that the plants have poten-
tial to yield safe and efficacious compounds to target drug-resistant P
falciparum malaria and support their use by the Ogiek community for
the treatment of malaria.
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PICTORIAL ABSTRACT SUMMARY

o Extracts of B. abyssinica, R. keniensis and B. abyssinica were tested
for antiplasmodial activity using P falciparum W2 and D6 strains

. The extracts were tested for cytotoxicity using brine shrimp and

Cytotoxic assay using Wero cells Vero Ce||s

o H. verticillaris showed the highest antiplasmodial activity

o All the extracts showed a moderate toxicity against mammalian cell
and Artemia nauplii.
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