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Abstract

The in vitro antiplasmodial activities of cold and hot aqueous extracts of Ochna schweinfurthiana leaf was evaluated
against Plasmodium falciparum at concentrations 10, 20, 40 and 80 pg/ml. Parasitaemia was observed after 24, 48
and 72 hours under a light microscope at X100 magnification. The antiplasmodial activity of the extracts were
compared with a standard Artemisinin-based Combination Therapy (ACT), artemether/lumefantrine. Phytochemical
analysis showed the presence of flavonoids (65.97 mg/100g), alkaloids (0.20 mg/100g), saponins (47.39 mg/100g)
and tannins (0.53 mg/100g). There was a significant reduction (P< 0.05) in parasitemia of groups treated with the
various doses of the extracts when compared to the control group. The reduction in parasitemia was however not as
pronounced as that observed for the standard drug-treated groups. The 10, 20, 40 1nd 80 pg/ml doses of the extracts
gave a percentage parasite inhibition of 79.77, 81.86, 83.38 and 86.42 (cold extract) and 76.26, 78.54, 82.72 and
85.06 (hot extract) respectively which are lower than 99.71, 99.81, 100.00 and 100.00 respectively observed for the
standard drug after 72 hours. However, in vitro assay of plasmodium lactate dehydrogenase (pLDH) activity did not
show any significant difference among the extract-treated groups and those treated with artemether/lumefantrine
standard. Findings from this study show that hot and cold aqueous extracts of Ochna schweinfurthiana leaf possess
high inhibitory activity against Plasmodium falciparum in vitro especially after 72 hours and justifies it folkloric use
as an antimalarial.
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INTRODUCTION

Malaria is a major public health
challenge in developing countries and in 2004
was arguably the number one cause of death
in Nigeria accounting for 15% of hospital
admission and about 50% out-patient
consultation. In 2008, 109 countries, 45 of
which are within the World Health
Organization African region were reportedly
endemic to malaria [1] putting 3.2 billion
people (nearly half the world’s population) at

risk of malaria. In 2015 alone, 214 million
new cases and 400,000 malarial-related
deaths were reported. WHO [2] reported that
Africa bears the heaviest burden and in 2015
accounted for approximately nine out of ten
malaria cases and deaths worldwide with
Nigeria and The Democratic Republic of
Congo together accounting for over 35% of
global malaria deaths [2].

Malaria eradication crusade has been
faced with several challenges which include:
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(1) Failure to implement the World Health
Organization recommended control
interventions in many malaria-endemic
countries resulting to increase in malaria
incidences, mortality and morbidity; (2)
unavailability and high cost of antimalarial
drugs to those that are mostly affected,
especially in developing countries, [3,4]; and
(3) Plasmodium falciparum malaria treatment
failures with Artemisinin-based Combination
Therapies (ACTs), which are the first line
antimalarial drug for uncomplicated and
severe malaria [5-7].

The  development of  reduced
sensitivity to ACTs by P. falciparum and
parasites recrudescence after treatment with
ACTSs have been reported and are the reasons
for Plasmodium falciparum malaria treatment
failures. Reduction of ACT’s sensitivity to P.
falciparum has been established by reports at
the  Thailand-Myanmar and  Thailand-
Cambodia borders [8,9]. It has also been
reported that P. falciparum reducing
sensitivity to ACT is spreading to Africa as
well [10]. In the event of P. falciparum
developing resistance to ACTSs, there is no
suitable replacement for ACTs. Therefore, the
lack of new antimalarial drugs in the pipeline
highlight the urgent need to search for new
antimalarial drugs to replace the currently
used or to expand the antimalarial drug
arsenal.

Researchers, especially in Africa, have
turned their attention to medicinal plants. The
use of plants for medicinal purposes has
existed since antiquity and is still important
for primary health care today [11]. It has been
reported [2] that more than 80% of people
living in developing countries still depend on
herbal medicines for the treatment of common
diseases, including malaria. Medicinal plants
produce phytochemicals during metabolism,
which are pharmacologically active against
many human diseases [12] and have been
isolated and used for the synthesis of drugs
[13].

Ochna schweinfurthiana F. Hoffin
belongs to the family Ochnaceae. It is called
Ochna in (English) was named after Dr.
August Schweinfurth (1836-1925), a German
botanical collector and taxonomist. Ochna
shcweinfurthiana is a small tree or shrub that
grows about 4m in height. It grows into a

decorative shrub  bearing bright-yellow
flowers. It is found in Africa/savannah
woodlands, from Guinea to North and

Southern Nigeria, across central Africa to
Sudan, Uganda, Zimbabwe and Mozambique.
Ochna shcweinfurthiana has claimed efficacy
in the treatment of several illnesses. The
powdered bark is used as antimalarial and
anthelminthic while the decoction of the root,
leaves or bark is used in dressing wounds. In
Northern Nigeria, the plant is said to be used
for the treatment of measles, typhoid fever
and fungal skin infections. The plant is
reported to also have laxative, antiseptic,
stimulant and febrifugal properties among
others.

Result of preliminary phytochemical
screening of the plant showed that it contains
saponins, flavonoids, carbohydrates, steroids,
glycosides and tannins [14].

The aim of this work was to evaluate
the antiplasmodial properties of hot and cold
aqueous leaf  extracts of  Ochna
schweinfurthiana on Plasmodium falciparum
in vitro.

EXPERIMENTAL

Plant material. Ochna schweinfurthiana leaf
was collected from Old Lamingo, Jos, Plateau
State, Nigeria. The plant was identified and
authenticated at the Herbarium of the
Department of Plant Science Technology,
Faculty of Natural Sciences, University of

Jos, Nigeria, where the specimen was
deposited and the wvoucher number;
UJH16000256 obtained.

Test organism. Plasmodium falciparum was
obtained from infected blood sample of an
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infected person at G-Medical and Diagnostic
Centre, Jos, Plateau State, Nigeria

Chemicals and reagents. Malsat reagent
(triton x-100, L-Lactate, Tris Buffer, APAD
(3-acetyl pyridine adenine dinucleotide) and
Nitro blue tetrazolium/phenazine ethosulfate
(NBT/PES) were purchased from Santa Cruz
Biotechnology Ltd, Heidelberg, Germany.
RPMI 1640 was a product of Sigma-Aldrich
Inc. (Germany). Other reagents were of
analytical grade and were prepared in all glass
distilled water.

Preparation of cold and hot water extracts
of Ochna schweinfurthiana leaf. The leaves
of Ochna schweinfurthiana were dried to
constant weight in an oven at 45°C. The dried
leaves were pulverized using an electric
blender. Sixty grams (60 g) of the powdered
leaf was weighed into two beakers each and
labelled A and B. The contents of A and B
were then percolated with 500 ml of distilled
water at room temperature and 500 ml of
boiling distilled water respectively and stirred
thoroughly. The mixtures were allowed stand
until the content of beaker B had returned to
room temperature. The beakers were then left
to extract for 48 hours in a refrigerator. The
mixtures were then filtered using a Whatman
No.1 filter paper and filtrates freeze-dried.
The extracts were reconstituted into the doses
used in this research.

Phytochemical analyses. Qualitative
phytochemical screening was carried out on

the aqueous extracts of Ochna
schweinfurthiana leaf. Alkaloids, tannins,
phlobatannins, cardiac  glycosides and

anthraquinones were screened by the methods
described by [15]. The method of [16] was
employed detecting the presence of phenolics
and flavonoids while saponins were detected
using the method described by [17]. Some of
the detected phytochemical were quantified
using standard procedures.

In vitro antiplasmodial activity assessment.
The malaria parasites (P. falciparum) were

hosted within erythrocytes (from O* donor) in
50ml of RPMI 1640 solution supplemented
with 10 ml of 0.5% Albumax Il. The broad-
spectrum antibiotic, Gentamycin (0.1 ml).
Already prepared RPMI 1640 culture media
(100 pl) was pipetted into different wells
followed by 50 pl of already prepared blood
sample. Already prepared plant extracts (100
ul) of different concentrations were distinctly
pipetted into these wells. The antiplasmodial
assay was carried out at concentrations 10, 20,
40 and 80 pl/ml of the extracts and Reference
drug. The control wells did not include the
extracts. The microtitre plate was then
incubated in an anaerobic jar at 37°C.
Microscopy was done to observe the
morphology of the parasites and to determine
the average percentages of parasitaemia after
24, 48 and 72 hours. Thick/thin film smears
of incubated samples were made on well
labelled dry grease free slides by picking Red
Blood Cells from each culture well at each
interval of 24, 48 and 72 hours and allowed to
air dry. Immediately smears are made,
cultures are maintained by adding 50 pl of
RPMI 1640 medium to avoid drying and
ensure continuous and proper parasite growth.

Percentage parasitaemia. Parasitaemia was
expressed as percentage of total infected red
blood cells over the total non-infected red
blood cells (total nhumber of red blood cells)
were counted for each smear. The average
parasitaemia of the smear replicates for each
concentration was calculated. Enough fields
were counted. The percentage parasitaemia in

each field was calculated using the formula:
Number of infected Red Blood Cells X 100%

Total Red Blood Cells counted

% Parasitemia =

Percentage inhibition of P. falciparum. The
percentage inhibition of the parasites was
calculated using the formula as follows:
(Y Parasitemia of control - % Parasitemia of test) X100%
Ug Parasitemia of control

Median inhibition concentration (ICso). The
ICso values, concentrations required to inhibit
parasite growth by 50 %, were determined by

U Parasite Inhibition =
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linear regression. A graph of Percentage
Plasmodium Inhibition (on y-axis) was
plotted against Extract Doses (on x-axis). The
ICso values were then intrapolated from the
dose-response curves using the formula:
ICso —a*X +b
Therefore (0.5-b)/a=X

Where a and b represent the slope and intercept of the
linear regression curve respectively.

In vitro evaluation of Plasmodium lactate
dehydrogenase activity. Plasmodium Lactate
dehydrogenase assay was carried out in 96-
well microtitre plates as described by [18]
with some modifications [19]. Prepared RPMI
1640 culture media (100 pL) was added to the
96 well plate, after which 50 puL of malaria
infected blood sample was added to the
prepared culture media and finally 100 pL of
plant extracts were added. The microtiter
plate was incubated for 72 hours. 100 uL of
Malstat reagent was added to a new microtitre
plate thereafter, the culture in each well was
mixed and 20 pL of the culture taken from
each well and added to the corresponding well
of the Malstat plate, 25 pL of NTB/PES were
then added to each well, thereby initiating the
lactate  dehydrogenase reaction. Colour
development of the LDH plate was monitored
and the absorbance was taken at 650 nm with
the aid of a plate reader after 45 minutes of
incubation in the dark. Percentage pLDH
activity and Percentage pLDH inhibition as
follows:

% activity = Absorbance of test sample X 100
Absorbance of control

Percentage inhibition (%) = 100 — Percentage activity

Statistical Analysis. Data are expressed as
mean of five replicatest Standard Deviation
(SD). The obtained data were subjected to
statistical analysis using the Statistical
Package for Social Sciences (SPSS) software.
All significant differences were determined
by one-way analysis of variance (ANOVA)
and Post Hoc multiple comparison was done
using Duncan’s multiple range test.

Significance level was set at p< 0.05. ICso was
determined by linear regression analysis.

RESULTS

The results for qualitative and
quantitative secondary metabolite analyses
are presented in Tables 1 and 2. Alkaloids,
flavonoids, tannins, saponins, balsams,
phenols, terpenes and steroids were detected
in the aqueous extracts of Ochna
schweinfurthiana leaf while resins and
anthraquinones were absent (Table 1). We
were able to quantify only four of the
secondary metabolites detected. Flavonoids
had the highest concentration at 65.97 mg/100
g while alkaloids were lowest at 0.2 mg/100
g. Saponins and tannins had concentrations of
47.39 and 0.53 mg/100 g respectively (Table
2).

The in vitro effect of Ochna
schweinfurthiana leaf aqueous extracts on the
parasitemia of Plasmodium falciparum is
presented in Table 3. After 24 hours, there
was a significant increase in the parasite count
of the control group when compared to the
treated groups. Groups that received the
standard drug (artemether-lumenfantrine) at
different doses showed a drastic significant
decrease (p < 0.05) in parasitemia when
compared with the control and the extract-
treated groups. The significant decrease (p <
0.05) in parasitemia observed in the extract-
treated groups was dose-dependent. However,
there was no significant difference (p < 0.05)
in the parasitemia of groups treated with the
20 pg/ml dose of the cold aqueous extract and
80 pg/ml dose of hot aqueous extract. Similar
results were obtained at 48 and 72 hours.
Overall, the anti-plasmodial effects of the
standard drug and the extracts was both dose
and duration dependent.

Table 4 represents the in vitro effect of
Ochna schweinfurthiana leaf aqueous extracts
on percentage parasitemia of Plasmodium
falciparum. The percentage parasitemia of the
control group increased  with  time
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progression. However, treatment with the
standard drug and the extracts caused a
significant decrease (p < 0.05) in the
percentage parasitemia in all the treated
groups in a dose-dependent manner. There
was no significant difference (p < 0.05) in the
percentage parasitemia of the groups treated
with the 20 and 40 pg/ml of the cold aqueous
extract after 24 hours.

Table 5 shows in vitro Plasmodium
falciparum percentage inhibition by Ochna
schweinfurthiana leaf aqueous extracts. There
was a significant decrease (p < 0.05) in the
percentage parasite inhibition of the extract-
treated groups when compared with the
Artemether-lumenfantrine-treated groups at
24, 48 and 72 hours. Among the extract-
treated groups, the percentage parasite
inhibition significantly increased (p < 0.05)
with increase in dose and duration of
treatment. Nevertheless, there was no
significant difference (p < 0.05) in the
percentage parasite inhibition of the groups
treated with the 20 pg/ml dose of the cold
aqueous extract and 80 pg/ml of hot aqueous
extract after 24 hours and also in the groups

treated with the 10 pg/ml dose of the cold
aqueous extract and 80 pg/ml dose of the hot
aqueous extract after 48 hours.

The 1Cso concentrations of Ochna
schweinfurthiana leaf aqueous extracts on
Plasmodium falciparum is presented in Table
6. Artemether-lumenfantrine showed an ICsg
of 0.29, 0.28 and 0.28 pg/ml after 24, 48 and
72 hours respectively. These values are much
lower than those observed with the cold
aqueous extract (0.75, 0.56 and 0.34) and the
hot aqueous extract (1.02, 0.70 and 0.34).
After 72 hours, the 1Cso values for the cold
and the hot aqueous extracts were
comparable.

Table 7 and 8 represent the in vitro
effect of Ochna schweinfurthiana leaf
aqueous extracts on percentage plasmodium
Lactate dehydrogenase (pLDH) activity and
percentage plasmodium Lactate
dehydrogenase activity inhibition
respectively. There was no significance
difference (p < 0.05) in the percentage pLDH
activity and inhibition of the extracts-treated
groups when compared with the artemether-
lumenfantrine-treated groups.

Table 1: Secondary metabolites constituent of Ochna schweinfurthiana leaf

Secondary metabolites

Status

Alkaloids
Flavonoids
Tannins
Saponins

Terpenes and steroids

Balsam
Phenol
Resins

Anthraquinones

+

I i

Key: += Present, - = Absent

Table 2: Secondary metabolites concentration in Ochna schweinfurthiana leaf

Secondary metabolites

Concentration

Flavonoids
Alkaloids
Saponins

Tannins

65.97 mg/100 g
0.20 mg/100 g
47.39 mg/100 g
0.53 mg/100 g
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Table 3: In vitro effect of O. schweinfurthiana leaf extracts on parasitemia (count) of Plasmodium falciparum

Treatment Dose 24 h 48 h 72 h

Control - 196.002+ 1.00 223.00°+1.00 351.00%+2.64

10 4.67°+0.58 2.67°+0.58 1.00°+0.00

Artemether-Lumefantrine 20 2.33°+0.58 1.33°+0.18 0.67¢+0.13
(ng/ml) 40 2.00°£0.00 0.679+0.19 0.009+0.00

80 0.679+0.18 0.00¢+0.00 0.009+0.00

10 140.67¢+1.15 131.00°+1.00 71.00+1.73

Cold Water Extract 20 135.677+1.53 121.679+0.58 63.677+1.52
(ng/ml) 40 127.339+0.58 113.33"+0.58 58.339+1.15

80 113.33"+1.53 104.33'+1.53 47.67"+1.15

10 163.67'+1.15 158.671+0.58  83.33'+1.53

Hot Water Extract 20 150.331+0.58 141.33k+0.58  75.331+0.58
(ng/ml) 40 143.67%+1.15 125.33'+0.15  60.67+0.58

80 137.677+0.58 118.00"+1.00 53.67'+2.08

Values are Mean + SD (n=5). Values with different superscripts on a column are significantly different (p< 0.05)

Table 4: In vitro effect of O. schweinfurthiana leaf extracts on % parasitemia of Plasmodium falciparum

Treatment Dose 24 h 48 h 72 h

Control - 66.212+0.34 76.112+0.34 121.46°+0.92

10 1.58°+0.20  0.91°+0.20 0.35°+0.01

Artemether-Lumefantrine 20 0.79°+0.19 0.45°+0.07 0.23°+0.01
(mug/ml) 40 0.68°+0.01  0.239+0.01 0.009+0.00

80 0.239+0.20  0.00°+0.00 0.00¢+0.00

10  47.538+0.40 44.717+0.34 24.57¢+0.60

Cold Water Extract 20 45.837+0.52 41.719+0.20 22.037+0.53
(mug/ml) 40  45.837+0.19 38.68"+0.20 20.199+0.40

80 38.299+0.51 35.61'+0.52  16.499+0.40

10 55.29"+0.39 54.151+0.20 28.83'+0.53

Hot Water Extract 20 50.79'+0.19 48.23k+0.20  26.071+0.20
(ug/ml) 40  48.54i+0.40 42.77'+0.39  14.62+0.93

80 45.847+0.20 40.27™+0.30 18.57'+0.72

Values are Mean * SD (n=5). Values with different superscripts on a column are significantly different (p< 0.05)

Table 5: In vitro Plasmodium falciparum percentage inhibition by Ochna schweinfurthiana leaf aqueous extracts

Treatment Dose 24 h 48 h 72 h

10 97.482+0.45 98.812+0.26 99.712+0.29

Artemether-Lumefantrine 20  98.81°+0.29  99.40°+0.25  99.812+0.20
(ug/ml) 40  99.31P¢+0.57 99.70°+0.26 100.002+0.00
80 99.66°+0.29 100.00°+0.00 100.002+0.00

10 28.219+0.35 41.269+0.62  79.77°+0.56

Cold Water Extract 20 31.128+0.95 45.43%+0.37 81.86°+0.37
(ug/ml) 40 35.03f+0.44  49.187+0.13  83.389+0.32

80 42.179+0.49 53.229+0.58 86.42¢+0.23

10 16.49"+0.72  28.85"+0.56 76.267+0.56

Hot Water Extract 20 23.291+0.20 36.191+1.05 78.549+0.28
(ug/ml) 40  26.691+0.34 43.801+057 82.72M+0.18

80 30.77¢+0.63 41.599+154 85.06'+0.35

Values are Mean + SD (n=5). Values with different superscripts on a column are significantly different (p< 0.05)
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Table 6: I1Cso of Ochna schweinfurthiana leaf aqueous extracts on Plasmodium falciparum

Time Artemether-Lumefantrine

Cold water extract

Hot water extract

(h) (kg/ml) (kg/ml) (kg/ml)
24 0.29 0.75 1.02
48 0.28 0.56 0.70
72 0.28 0.34 0.34

Table 7: In vitro effect of O. schweinfurthiana leaf extracts on % plasmodium lactate dehydrogenase activity

Treatment

Dose %

Artemether-Lumefantrine

(kg/ml)

10 56.272+9.18
20  48.00%+4.63
40  51.62°+5.81
80  50.42°+2.64

Cold Water Extract
(Mg/ml)

10  47.08*+3.47
20  47.002+4.00
40  42.772+2.00
80  43.59°+6.00

Hot Water Extract
(ng/ml)

10  48.17*+3.08
20  48.76+7.75
40  50.552+7.56
80  47.12°+6.45

Values are Mean + SD (n=5). Values with different superscripts are significantly different (p< 0.05)

Table 8: In vitro % inhibition of plasmodium lactate dehydrogenase activity by O. schweinfurthiana leaf extracts

Treatment

Dose %

Artemether-Lumefantrine

(Mg/mi)

10  43.78%%9.27
20  52.01*+4.63
40  48.38°+5.81
80  49.58%+3.00

Cold Water Extract
(Hg/ml)

10 52.75%+4.38
20  53.00*+4.00
40  57.232 +2.00
80 56.41*+9.91

Hot Water Extract
(Hg/ml)

10 51.83*+3.08
20  51.24*%5.45
40  49.45°+7.56
80  52.88%+8.45

Values are Mean + SD (n=5). Values with different superscripts are significantly different (p< 0.05)

DISCUSSION

The therapeutic effects of plants have
been attributed to the presence of secondary
metabolites [20]. Many plants with
antiplasmodial/antimalarial effect have been
reported to contain these secondary
metabolites [21]. Three known alkaloids (i.e.
(+)-N-methylisococlaurine, atherosperminine
and 2-hydroxyathersperminine) isolated from
the bark of Cryptocarya nigra (Lauraceae)
have been reported to possess encouraging
antiplasmodial  activity having strongly
inhibited in vitro growth of a chloroquine-

resistant strain of Plasmodium falciparum (K1
strain) [22]. In another study by [23], twenty-
four bisbenzyl isoquinoline alkaloids were
screened for antiplasmodial activity by use of
in vitro microtests. Eight of the alkaloids had
antiplasmodial activity, with a 50 %
inhibitory concentration (ICso) of less than
1uM against a multidrug-resistant strain of
Plasmodium falciparum while a further
eleven showed antiplasmodial activity with
ICso between 1 and 10 pM. Likewise,
Flavonoids from Morus mesozygia and
Erythrina burttii and saponins from Glinus
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oppositifolius have also been reported to
possess antiplasmodial activity [24-26]. The
antiplasmodial activity observed in Ochna
schweinfurthiana leaf aqueous extracts may
be ascribed to the presence of any of
alkaloids, flavonoids, tannins, saponins,
balsams, phenols, terpenes and steroids.

The results obtained for the effect of
the extracts on parasitemia (as well as
percentage  parasitemia  and  parasite
inhibition) revealed that the cold aqueous
extract has a higher antiplasmodial activity
than the hot aqueous extract. We can infer
from our findings that Ochna
schweinfurthiana leaf aqueous extracts
possess antiplasmodial action with the cold
aqueous extract being more effective at
inhibiting Plasmodium falciparum
proliferation than the hot aqueous extract. The
antiplasmodial activity of Ochna
schweinfurthiana leaf aqueous extracts
observed in this study aligns with an earlier
report by [27] who evaluated the inhibitory
effect of the plant leaf extract on Plasmodium
berghei in vivo.

According to  World Health
Organization guidelines, antimalarial activity
of plant extracts are grouped into: (i). High
activity (ICso < 5 pg/ml), (ii). Promising
activity (ICso = 5-15 ug/ml), (iii). Moderate
activity (ICso = 15-50 pg/ml) and (iv).
Inactivity (1Cso > 50 pg/ml) [28]. Our findings
show that both aqueous extracts possess high
activity against Plasmodium falciparum with
the cold aqueous extract displaying a higher
activity than the hot aqueous extract after 24
and 48 hours. Their activities were
comparable after 72 hours. However, both
extracts displayed lower activities than the
standard drug (artemether-lumefantrine).

Parasite lactate dehydrogenase
(pLDH) activity is used to measure the
sustainability or viability of plasmodium
parasites [29]. The main source of
plasmodium ATP during asexual
intraerythrocytic cycle is glycolysis, which

translates to glucose uptake that is 30-100
times higher than those of uninfected
erythrocytes [30-31]. This is reflected by a
very high expression of glycolytic enzymes in
plasmodium at this stage than that observed in
uninfected erythrocytes [32]. A very large
percentage of the uptaken glucose by
plasmodium is converted to lactate by lactate
dehydrogenase since there seem not to be the
expression of the enzymes of the Kreb’s cycle
[33]. The pyruvate-lactate reaction re-oxidizes
NADH to NAD®, which allows the
glyceraldehyde 3-phosphate dehydrogenase-
catalysed reaction of glycolysis to proceed.
The extracts were able to inhibit plasmodium
lactate dehydrogenase activity in a manner
comparable to the standard drug Artemether-
Lumefantrine and may be one of the
mechanisms by which they elicit their
antiplasmodial action.

Conclusion. Findings from this study shows
that cold and hot aqueous extracts of Ochna
schweinfurthiana leaf possess high inhibitory
activity against plasmodium falciparum in

vitro.  Further research  therefore is
recommended to discover the bioactive
principle(s) responsible for the observed

antiplasmodial activity.
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