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Abstract

Background Malaria continues to be among the leading causes of mortality in Africa including Uganda,

with the emergence of parasite resistance to the first-line therapeutics (Artemisinin- based Combination Therapy). To
find new therapeutics, this study has reported an in vivo antimalarial efficacy of combinations of Artemisia annua (Aa),
Vernonia amygdalina (Va), and Microglossa pyrifolia (Mp) in mice model using factorial design.

Methods The Aa and Va were extracted by hot infusion, and Mp by cold maceration using distilled water. The dry
extracts were screened for different phytochemicals, and later subjected to in vivo antimalarial activity using Peter’s
4-day suppressive test. The 2° factorial design used Aa, Va, and Mp aqueous extracts as independent variables at two
levels (-1 and 1), and the percentage chemo suppression and survival time as response variables. The data was analyzed
using Design Expert 13 and GraphPad Prism employing ANOVA linear regression modelling and t-test respectively.

Results All the extracts had alkaloids, phenols, saponins, terpenoids, cardiac glycosides, tannins, steroids, and carbo-
hydrates. The various combinations showed chemo suppression from 41.5 to 91.0% and survival time of 19 to 23 days.
The first three combinations having lower levels of Aa (200 mg/kg) exhibited higher chemo suppression (>90%) com-
pared to Artemisinin-Lumefantrine positive control at 4 mg/kg with 87.5%. Lower levels of Aa in the combinations
contributed to high chemo suppression while higher levels of Va prolonged survival times. Interactions between Aa
and Mp showed higher chemo suppression, and that between Aa and Va increased survival time. An optimized pre-
diction of 94.4% chemo suppression was made by the ANOVA model at lower levels of Aa and Va, and a higher level
of Mp, which is similar to an experimental run which gave a response of 90. 6%.

Conclusion An optimum combination of the three plants as a natural herbal antimalarial therapy was obtained
using factorial design, and it offers an alternative to first line Artemisinin based Combination Therapy (ACTs) as para-
site resistance looms. This combination could be further developed into a standard phytopharmaceutical and sub-
jected to Randomized Controlled Trials (RCTs).
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Introduction

Malaria is an infectious disease caused in humans by a
number of plasmodium parasites of various species with
Plasmodium falciparum being the most predominant
in Sub-Saharan Africa. Despite decades of global efforts
articulated in Global Technical Strategy (GTS) to end
this endemic by 2030, the disease continues to claim lives
most especially in developing countries in Sub-Saharan
Africa. According to the current reports of WHO [1],
3.2 billion people close to half of the world’s population
are at risk, 247 million cases were registered in 2021 with
619,000 mortality. Sub-Saharan Africa accounted for
95% of these cases and 96% of the death tolls. Uganda is
among the African countries with high malaria burden
ranking 3rd globally with 12 million annual morbidity
[2]. The infection accounts for 32.1% of all Outpatient
Department (OPD) attendances in the country with the
prevalence of the disease increasing by 5% from 13.6 mil-
lion cases in 2020/2021 to 14.9 million cases in 2021/2022
[3, 4]. The north and north eastern regions of Uganda are
the highest malaria endemic areas due to stagnant water
and cessation of indoor residual spraying (IRS) notable in
Kole District [5].

The increase in malaria incidence has been exacer-
bated by climatic changes as demonstrated by a powerful
cyclone in Mozambique and as simulated using artifi-
cial neural networks (ANNSs) [6]. The projected increase
in malaria infection may be worsened by the emerging
resistance to the first -line drugs for malaria treatment
as reported in Uganda and neighboring Rwanda [7-9].
This is likely to hamper realization of the Sustainable
Development Goal (SDG) goal of completely eradicat-
ing malaria by 2023 if no robust and clinically effective
alternative interventions are developed. Several interven-
tions including artemisinin-based therapies and seasonal
malaria chemoprevention (SMC) approaches using sul-
fadoxine— pyrimethamine (SP) and amodiaquine (AQ)
have also shown appreciable success [10]. The approval of
the RTS, S/ AS01 malaria vaccine for malaria prevention
by WHO is one of the latest interventions but its efficacy
stands at 30% in protecting people from severe malaria
and reduces hospitalization rates due to malaria by only
21% [11]. The effectiveness of the vaccine also wanes off
after 6 months which necessitates continuous dosing,
thus making it expensive for most developing African
countries.

Based on the low effectiveness of the new vaccine and
the increasing resistance to ACTs in Africa, the fight to
end malaria epidemic by 2030 is far-fetched. For exam-
ple, a recent Ugandan study reported partial resistance of
over 20% in 11 of 16 districts surveyed [12]. The different
resistance markers showed varying patterns across the
country—the PfK13 469Y and 675 V mutations reached
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a prevalence of 54% in Northern Uganda, both 561H and
441L mutations had 23% prevalence in southwestern and
western regions respectively by 2022. A previous study
in northern Uganda had also profiled 19.8% resistance
to artesunate injections due to A675V or C469Y allele in
the kelch13 gene [13]. Compared to the study by Conrad
and co-workers [12], it is evident that the magnitude of
parasite resistance to ACTs is increasing. Similar cases
of resistance to ACTs have also been reported in Eritrea
[14], Niger [15], Pakistan [16], and other parts of Africa.

Therefore, the available interventions are not enough
to end the malaria endemic by 2030 as projected based
on the above analysis. Thus, there is the need for more
robust and practically implementable innovations. The
need for alternative effective antimalarial therapeutics in
Africa in the near future as evidences of ACT resistance
increase is a discussion shaping the efforts in new anti-
malarial drug development. Herbal medicines with a long
history of use with no known parasite resistance seem to
be the future for new antimalarials.

In an effort to prioritize medicinal plants for antima-
larial product development, we previously reviewed
efficacy and safety of Ugandan antimalarial plants using
RITAM (The Research Initiative on Traditional and
Antimalarial Methods) score [17]. Among the forty one
(41) plants with data on antimalarial activity, Artemisia
annua (Aa), and Vernonia amygdalina (Va) were the
most extensively studied up to the level of clinical trial.
The aqueous leaf extract of Aa has a potent antiplas-
modial activity with IC;, of 0.88-1.11 pg/ml [18], and
a sesquiterpeine lactone artemisinin is known as the
main antimalarial compound in the plant. Other active
compounds such as arteannuic acid, scopoletin, arte-
annuin B, and flavonoids present in the plant have also
been reported to work synergistically with artemisinin
in enhancing its antimalarial effect [19]. Clinical studies
also revealed 70 — 77% efficacy of Aa infusion in cur-
ing malaria [20], but the effectiveness was affected by
parasite recrudescence after 7 days. Vernonia amygda-
lina also has promising in vitro antiplasmodial activ-
ity with ICs, of 11.2-13.6 pg/ml [21], and an in vivo
chemo suppression of 75.15% in mice [22]. Over 67%
adequate clinical response with marked symptomatic
improvement was also reported in a randomized clini-
cal trials on the plant for malaria treatment [23, 24].
Unfortunately, the clinical outcomes of the plant was
also affected by parasite recrudescence just like the
Artemisia annua trials. In an attempt to enhance the
antimalarial activity of the Va, its combination with
Aa showed 100% clearance of the parasite in mice by
the fifth day, but the animals had shorter survival
times of 10 days [25]. Therefore there was still a need
for another plant to be included in the combination
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to eliminate the impeding challenge of parasite recru-
descence or relapse. Microglossa pyrifolia leaf aqueous
extract, with an ICg, of 0.05 pg/ml [26] and a poten-
tial to penetrate liver cells [27, 28] was identified as a
potential candidate to ameliorate this unsatisfactory
antimalarial efficacy posed by recrudescence or relapse
if carefully added to a combination of Aa and Va.

For robust evaluation of combined efficacy of these
plants against malaria parasite, multivariate experimen-
tal design approach was deemed more appropriate com-
pared to univariate methods that have dominated most
pharmacological efficacy studies over the years. Factorial
design is one of Design of Experiment (DoE) techniques
with the capacity to measure and understand relationship
between cause and outcomes (independent and depend-
ent factors). To understand the possible interaction
among the three plants in suppressing malaria parasite
proliferation and also determining the optimum antima-
larial combination, 22 factorial design was considered the
most appropriate. This current work therefore reports
the in vivo antimalarial effect of various combinations of
the three plant extracts on suppression of malaria para-
site in a mice model, and their impact on survival time of
infected animals using factorial design.

Materials and methods

Collection and processing of plant material

The fresh leaves of the plants Artemisia annua L,
Microglossa pyrifolia (Lam.) Kuntze, and Vernonia
amygdalina Del. (Asteraceae) were collected within
Uganda from Fort portal—0.6668° N, 30.2854° E; Bush-
enyi—0.524° N, 30.2173° E; and Mbarara—0.6152° S,
30.6522° E respectively. The plant materials were authen-
ticated at the National Herbarium of Makerere Univer-
sity, Department of Botany. Accession numbers 51145,
51,146, and 51,147 were issued for M. pyrifolia (Mp), V.
amygdalina (Va), and A. annua (Aa) respectively. The
leaves were sorted, cleaned, shade-dried for two weeks,
and then milled to a coarse powder and stored in amber
bottles till extraction. The leaf powders of the different
plants were extracted as follows: Aa and Va were infused
in hot water as described previously [13, 14], while the
Mp was cold macerated in distilled water according to
a previous work [26]. The mixture were filtered using a
muslin cloth and thereafter using Whatman No. 1 filter
papers. The filtrates were concentrated in vacuo using a
rotary evaporator (IKA, Germany) at 50 °C and finally
freeze-dried (FD-1CL, USA). The percentage yield of the
extracts obtained was calculated as:

ight of d tract
Percentage yield(%) = welght o° cry extrac

100 (1)

weight of powder material *
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Phytochemical screening

This was conducted to detect the presence of alkaloids,
flavonoids, phenols, saponins, terpenoids, cardiac gly-
cosides, tannins, steroids, carbohydrates and anthraqui-
nones for all the extracts (5% in distilled water) according
to the following procedures previously described [29, 30]:

Alkaloids (Dragendorft’s Test): The extract (2 mL)
was mixed in equal volumes with 1% HCl in a test
tube and heated gently followed by filtering. To the
filtrate, 3 drops of dragendorft’s solution was added
by the side of the test tube. A persistence of yellow
colour was indicative of a positive test.

Flavonoids: To the extract (1 mL) in a test tube, a
dilute ammonia (5 mL) was added followed by con-
centrated sulphuric acid (2 mL), and the mixture
heated for 2 min. Appearance of a yellow showed
presence of flavonoids.

Phenols: To the extract (1 mL) in a test tube, 2 drops
of 2% w/v FeCl; were added. A black coloration was
indicative of the presence of phenols.

Saponins (Frothing Test): Distilled water (5 mL) was
added to the extract (1 mL) in a test tube and the
solution shaken vigorously to observe for stable per-
sistent froth within 15 min.

Terpenoids (Salkowski Test): Ethanol (2 mL, 99%)
was added to the extract (1 mL). Acetic anhydride
(2 mL) was also added, followed by conc. H,SO,. A
change in colour from pink to violet shows the pres-
ence of terpenoids.

Cardiac glycosides: The extract (5 mL) was treated
with 2 mL of glacial acetic acid and one drop of fer-
ric chloride solution. Then, 1 mL conc. H,SO, was
added. An appearance of a brown ring at the inter-
face due to formation of a de-oxysugar is characteris-
tic of cardenolides.

Tannins: To the extract (2 mL), 3 drops of 1% fer-
ric chloride solution were added and occurrence of
a blue-black, green, or blue-green precipitate was
indicative of the presence of tannins.

Steroids: To the extract (2 mL), an equal amount of
chloroform was added followed by conc. sulphuric
acid and the mixture was shaken. An appearance of
a red chloroform layer and a greenish-yellow fluores-
cence confirms presence of steroids.

Carbohydrates: To the extract, 1 mL of Molisch’s
reagent was added, then along the walls of the test
tube conc. H,SO, was carefully added. Formation of
a brown ring at the junction of two liquids indicates
presence of carbohydrates.

Anthraquinones: To the extract (1 mL), dilute HCI
(5 mL) was added and boiled in a water bath for
10 min and filtered. Then the filtrate was extracted
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with carbon tetrachloride and an equal amount of
ammonia. After shaking, the reaction mixture was
observed for the formation of pink— red colour in the
ammonia layer.

Experimental animals

Sixty (60) swiss albino mice of both sexes in equal num-
bers (weighing 18—-20 g), were obtained from the Animal
Research Facility of Mbarara University of Science and
Technology, Mbarara. The animals were housed under a
12 h light/dark cycle with access to water ad libitum and
were fed with standard pellets. They were acclimatized
for two weeks prior to commencement of the experi-
ment. All the animals were cared for as per National
Institute for Health (NIH) guidelines for care and use of
laboratory animals in teaching and research [31].

Preparation of malarial parasite inoculum

The chloroquine - sensitive Plasmodium berghei,
ANKA strain of malaria parasite was obtained from BEI
Resources (USA). The vial containing 0.5 mL of the para-
site in dried ice was activated by thawing frozen cryovial
in a water bath at 35 °C for 2 min. The outside surface of
the vial was wiped with 70% ethanol before opening for
injection intraperitoneally into the mouse for continu-
ous passage. The growth of parasites in mice was moni-
tored by tail vein blood sampling and Giemsa-stained
thin blood smear microscopy daily, starting from day 3
post-inoculation. The parasites were maintained in con-
tinuous blood passage in mice. A standard inoculum of
1x 107 parasitized erythrocytes was prepared by diluting
the blood harvested from a donor mouse (>30% parasi-
taemia) with normal saline for the subsequent chemo
suppressive test.

Factorial design for combinations of the three (3) plants

A 23 full factorial design was used where Aa, Va, and Mp
were three independent variables with experimental lev-
els coded as -1 and 1 for low and high values respectively.
The dose levels selected for each plant in the combina-
tions were based on the previous efficacy and safety stud-
ies for the plants as reviewed earlier [17]. Design Expert®
software version 13 was used for generating the various
combinations or runs as shown in Table 1. The percent-
age chemo suppression and survival time were the key
response or dependent variables.

Peter’s four (4) day chemo suppressive test

The antimalarial activity of the different combinations
of the plants was conducted using the four-day sup-
pressive mice model as described previously [22]. Swiss
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Table 1 Experimental design for optimization of antimalarial

efficacy

Run order Aa (mg/kg) Mp (mg/kg) Va (mg/kg)
1 1.00 1.00 -1.00

2 -1.00 1.00 1.00

3 1.00 1.00 1.00

4 1.00 -1.00 1.00

5 1.00 -1.00 -1.00

6 -1.00 -1.00 1.00

7 -1.00 -1.00 -1.00

8 -1.00 1.00 -1.00

Key: Aa=Artemisia annua, Mp = Microglossa pyrifolia, Va= Vernonia amygdalina,
-1.00 =code referring to lower independent level (representing 200 mg/kg for
Aa and Va, and 50 mg/kg for Mp), + 1.00 = code referring to higher level of the
independent variable (representing 400 mg/kg for Aa and Va, and 100 mg/kg
for Mp)

albino mice were inoculated with 1x10’ parasite (2 h
prior) before randomizing them into ten (10) groups
consisting of six(6) animals (3 females and 3 males) per
group for test samples (Table 1) — Groups 1-8, positive
control (4 mg/kg Artemisinin-Lumefantrine) — Group 9,
and negative control (distilled water) — Group 10. Test
samples including negative and positive controls were
administered orally once daily in the morning for 4 days.
The parasitaemia levels were assessed by examining and
counting the parasitized and total red blood cells in 10%
Giemsa-stained (Giemsa in Phosphate buffer) blood
smears on day 5. The tail vein was used to collect a drop
of blood used for the preparation of a film on the micro-
scopic slides. The RBCs were fixed using methanol, and
then stained for 10 min before gentle washing with dis-
tilled water and air drying at room temperature. Finally,
the slides were examined under a light microscope
(CX21FS1, Tokyo Japan) at an oil immersion objective
(X 100 magnification power) by recording the number of
parasitized red blood cells out of every 500 RBCs counted

Table 2 Phytochemical Screening of the plant extracts

SN Phytochemical Aa Mp Va
1 Alkaloids + + +
2 Flavonoids + + +
3 Phenols + + +
4 Saponins + + +
5 Terpenoids + + +
6 Cardiac glycosides + + +
7 Tannins + + +
8 Steroids + + +
9 Carbohydrates + + +
10 Anthragquinones + + +

+ =present,—=absent, + =traces; Aa — Artemisia annua, Va - Vernonia
amygdalina, and Mp — Microglossa pyrifolia
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in at least six (6) random fields per slide. Percentage para-
sitaemia and average percentage chemo suppression of
parasitaemia was calculated using the following equa-
tions [32].

Number of parasitised RBCs
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Expert® version 13 was used for statistical analysis of
optimization data employing ANOVA/ linear regres-
sion modelling, Shapiro—Wilk test, Pareto chart, model
graphs, and prediction of optimum factors and response.
GraphPad Prism version 8.0.2. 263 was used for compari-

% Parasitaemia — %100 son of the means of test groups by one way ANOVA and
Total number of RBCs Tukey’s multiple comparison t-test.
()
. mean parasitemia of negative control-mean parasitemia in treated group
% Chemo suppression = - - - %100
mean parasitemia of negative control 3)
Mean survival time and experimental endpoint Results

The animals in all the in vivo experimental groups includ-
ing the negative and positive controls were monitored
post-inoculation of the parasite for mortality. The obser-
vation was conducted for 28 days which was set as the
study endpoint. The number of days from the time of
inoculation to death of each mouse was recorded and
those that were alive after 28 days were assigned survival
time of 29 days. On the 29th day, the animals were eutha-
nized using a high dose of sodium pentobarbital (100 mg/
kg) injected intraperitoneally. Death was confirmed by
loss of breath and heart beat supplemented by percutane-
ous cardiac puncture after the animal becoming uncon-
scious. Failure of needle attached to syringe to move
after insertion into the heart indicated absence of cardiac
muscle movement and death [33]. The carcasses of the
animals were appropriately disposed by incineration.

Statistical analysis
The average percentage parasitaemia in each group were
calculated using Microsoft excel version 2019. Design

Table 3 Experimental design for optimization of antimalarial efficacy

Extraction and phytochemical screening

The percentage yields of aqueous extracts were 12.14,
18.5, and 15.5% for Mp, Va, and Aa respectively. Accord-
ing to the preliminary phytochemical screening, all the
three plant extracts showed presence of alkaloids, flavo-
noids, terpenoids, phenols, tannins, steroids, and car-
bohydrates as shown in Table 2. Anthraquinones were
present in Aa, but in traces in the Mp and Va extracts.

Antimalarial efficacy (chemo suppression and survival
time)

The 2 factorial optimization antimalarial efficacy of the
combined plant extracts was conducted using Aa, Mp,
and Va as independent variables at two levels (-1 and 1)
as shown in Table 3. The percentage chemo suppression
and survival time from the day of inoculation to death
were considered as response or dependent variables. The
various runs gave varying responses ranging from 41.5
to 90.98% and 19 to 23 days for chemo suppression and
survival time respectively (Table 3). The positive control

Independent variables

Dependent variables

Run order Aa (mg/kg) Mp (mg/kg) Va (mg/kg) % Chemo suppression  Survival
Time (Days,
Mean +SD)

1 -1.00 -1.00 -1.00 91.0 23+5

2 -1.00 1.00 1.00 90.7 19+£3

3 -1.00 1.00 -1.00 90.6 23+6

4 -1.00 -1.00 1.00 815 19+6

5 1.00 -1.00 1.00 713 207

6 1.00 1.00 -1.00 67.0 24+6

7 1.00 -1.00 -1.00 58.0 22+6

8 1.00 1.00 1.00 415 23+3

Positive Control (4 mg/kg Artemisinin-Lumefantrine) 87.1 28+2%

Negative Control (distilled water) - 14+3

" Significant at p <0.05 (compared to negative control), Aa= Artemisia annua, Mp = Microglossa pyrifolia, Va= Vernonia amygdalina, -1.00 = code referring to lower
independent level (representing 200 mg/kg for Aa and Va, and 50 mg/kg for Mp), + 1.00 = code referring to higher level of the independent variable (representing

400 mg/kg for Aa and Va, and 100 mg/kg for Mp)
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group (Artemisinin-Lumefantrine) had the highest sur-
vival time which was only statistically significant com-
pared to the negative control group (p <0.05) but similar
to extract combination treatment groups. The first three
combinations (1, 2, and 3) exhibited higher chemo sup-
pression (>90%) compared to the positive control though
not statistically significant.

Based on the interactions of the different independ-
ent factors leading to the observed responses presented
in Table 3 and Figs. 1, 2, 3 and 4 Aa exhibited the high-
est effect in increasing the chemo suppressive effects as
shown in Figs. 1 and 3. This contribution of factor Aa was
confirmed to be statistically significant by ANOVA test
at P<0.05 (P=0.0039) as indicated in Table 4. Interac-
tion between Aa and Mp also resulted into a significant
antimalarial effect (P=0.0440). Interestingly, the colors
which signify either negative or positive effects in both
the half normal plot (Shapiro Wilk test) and Pareto chart
(Fig. 2a) indicate that reducing the levels of the factors
leads to higher effects. This is further illustrated by the
interaction plots in Figs. 3 and 4. According to Fig. 3a
which illustrates the influence of each independent fac-
tor on chemo suppression, there is a sharp increase in
parasite suppression dependent on the decrease in the
level of Aa. The same trend is also noted with Va and Mp
but the increase in chemo suppression independently by
these factors is not significant at P<0.05. The significant
interaction between Aa and Mp in increasing chemo sup-
pression illustrated in Fig. 4a shows that a higher level of
chemo suppression is influenced by a low level of Aa and
high level of Mp, though the difference in Mp level (-1
to+1) is not significant as evidenced by the overlapping
ends of the red and black colors of factor C (Mp).

Regarding the survival time, the interaction between Aa
and Va has shown the highest level of effect as shown in
Fig. 1b and 2b. This interaction has also been confirmed
to be significant by ANOVA test at P<0.05 (Table 5), but
the effect is positive meaning the survival time increases
as the dose levels increase. This interaction is clearly
illustrated by Figs. 3b and 4b. The survival time increases
with rise in the level of Aa while Va shows the opposite
according to Fig. 4b. Additionally, at constant value (0.00)

Table 4 ANOVA analysis for chemo suppression
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of factor Mp, a higher survival time is observed at lower
values of both Aa and Va,

The design space for chemo suppression established by
the ANOVA model based on the factors with significant
contributions to the response, shows that>80% parasite
suppression can be achieved at a constant Va (0.000) by
the levels of—0.273 and — 1.000 of Aa, and -1.000 and
1.000 of Mp (Fig. 5a). However, the model predictions
indicated two design spaces for a survival time >22 days
at a constant value of Mp (0.000) as shown in red color
(Fig. 5b). These include levels of Aa from — 0.65 to -1.000
and Va from -0.996 to — 1.000, and the second having Aa
levels from 0.6878 to 1.000 and Va ranging from 0.323 to
1.000.

Additional predictions in Fig. 6a indicate that, 94.4%
of chemo suppression can be achieved at lower levels of
Aa and Va, and a higher level of Mp, which is similar to
experimental run 4 that gave a response of 90. 6%. Similar
predictions of survival time of 23 days are shown in cube
3-dimensional plot (Fig. 6b).

Discussion

The study investigated the in vivo antimalarial efficacy
and optimization of combinations of the best three
selected antimalarial plants (Artemisia annua, Vernonia
amygdalina, and Microglossa pyrifolia) in Uganda based
on RITAM scores reviewed previously [17]. The aqueous
extracts of the three plants were mixed at two dose levels
using 2% factorial design approach in mice model using
Plasmodium berghei ANKA strain. Three of the combina-
tions exhibited a chemo suppression of over 90% higher
than the standard drug (Artemisinin-Lumefantrine) but
all the groups (including the positive control) in the vari-
ous runs showed similar mice survival time at 2 <0.05.
The ANOVA model developed using Design Expert®
(version 13) indicated that Artemisia annua (Aa) was the
main factor that contributed significantly to the parasite
chemo suppression, in addition to Microglossa pyrifolia
(Mp). Vernonia amygdalina (Va) contributed to increas-
ing the survival times of the animals. The model fur-
ther predicted 94.4% chemo suppression at lower levels
of Aa and Va, and a higher level of Mp, which is similar

Source Sum of Squares df Mean Squares F-value p-value Status
Model 18.33 3 6.11 11.89 00184 significant
A-Aa 272 1 272 530 0.0828

B-Va 1.39 1 1.39 2.70 0.1755

AB 14.22 1 14.22 27.68 0.0063

Residual 2.06 4 05139

Cor Total 20.39 7
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Fig. 3 Influence of independent factors on chemo suppression (a), and

to experimental run 4 which gave a response of 90. 6%.
These findings offer hopes for a natural combination
therapy a potential alternative to ACTs that are currently
under treats of parasite resistance.

The percentage yield for Aa crude aqueous extract
was lower than the 27% reported for a similar solvent
obtained by a study in Saudi Arabia [34]. This differ-
ence could be attributed to variations in the methods
of extraction (soxhlet Vs maceration) and geographical
differences (Saudi Arabia Vs Uganda). Conversely, Va
demonstrated a higher yield compared to 11.89% and
10.11% obtained in Nigerian studies [26, 27, 35, 36] that
both used cold maceration method as opposed to our
hot infusion. Omotola [37], reported even lower yields

T T
-0.500 0.000 0500 1.000 -1.000 -0.500 0.000 0500 1.000

B: Va (mg/Kg) C: Mp (mg/Kg)

survival time (b)

for the aqueous crude extract of Va (5.1%). However,
another study in Ethiopia [38] reported similar yields
of aqueous extract of Va leaf (14%) using maceration
method. The yield of the extract from Mp was 12.1%
which is close but lower than 13.4% percent obtained in
Kenya [39]. In the fractionation of active components
from non-polar to polar solvents for bioassay-guided
extraction in Uganda [26], an aqueous yield of 3.8% was
reported for Mp. This is expected since the Mp plant
leaves are known to be rich in short chain fatty acids
and sesquiterpene lactones which may have partitioned
into the non-polar solvents, thus reducing the final
concentration of total extract in water fraction [40]. In
Kenya [41], a lower aqueous extract yield of 3.974% was
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Table 5 ANOVA analysis for survival time
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Source Sum of Squares df Mean Squares F-value p-value Status
Model 219254 4 548.14 21.68 0.0150 significant
A-Aa 1682.11 1 1682.11 66.54 0.0039

B-Va 114.15 1 114.15 452 0.1236

C-Mp 11247 1 11247 445 0.1254

AC 283.80 1 283.80 11.23 0.0440

Residual 75.83 3 25.28

Cor Total 2268.38 7

obtained from the plant leaf powder without prior frac-
tionation as undertaken by Adia and co-workers [26].

The phytochemical composition of a plant extract is
very critical and responsible for its pharmacological or
toxicological effects on the body. Therefore, the phyto-
chemistry of the different extracts directly influences
their therapeutic activities. The higher levels of terpe-
noids in both Va and Mp observed in this study are very
useful for their antimalarial efficacy. Sesquiterpene lac-
tones such as Vernodalol, Vernodalin, and Hydroxyver-
nolide have already been isolated and reported to be
responsible for the antimalarial activity of V. amygdalina
[42]. Similarly, terpenoids have also been reported to be
the major phytochemical groups in Microglossa pyrifolia
responsible for its antimalarial activity. Compounds such
as E-phyto |, 1,3- hydroxyoctadeca-9Z, 11E, 15-trien-oic-
acid and 6E-geranylgeraniol-19-oic-acid (all terpenoids
in M. pyrifolia) have demonstrated good anti-plasmodial
activities though not as potent as the crude extract [40].
Therefore, the presence and quantity of total terpenoids
in these extracts could be used as a potential chemical
marker in the standardization of herbal products based
on V. amydalina and M. pyrifolia as active ingredient.
The Artemisia annua extract is known to contain arte-
misinin (a sesquiterpene lactone) as the major active
compound for antimalarial efficacy of the plant. The infu-
sion of the plant also showed presence of the terpenoids,
though a study [18] reported lower levels of artemisinin
(0.18%) in the infusion but both crude aqueous extract
and pure artemisinin demonstrated comparable in vitro
antiplasmodial activities. It is therefore clear that the
antimalarial activity of the Artemisia infusion does not
solely depend on artemisinin (sesquiterpene lactones),
but its combination with other phytochemicals such as
phenolic compounds, flavonoids, and polysaccharides (all
readily present in our extract) [43, 44]. Therefore, the var-
ious phytochemical compounds present in our extracts
are responsible for the observed therapeutic effects
presented.

The combinations containing lower levels of Artemisia
annua and Vernonia amygdalina showed better parasite
suppression (>90%), and even though the higher level of
Microglossa pyrifolia in the combinations showed higher
activity, the difference in chemo suppression between -1
and 1 levels was not statistically significant. This is good,
demonstrating the joint potency of the plant extracts in
the suppression of malaria plasmodium parasite. The
lower level of Aa showing higher chemo suppression in
the combination implies that the extract is more effec-
tive at such doses and less effective at higher doses. Con-
versely, the higher survival time associated with higher
level of Va could mean that it is less potent. Interactions
among the extracts in the combination is the reason for
these observed effects. Beneficial or desirable interac-
tions are those that result into high chemo suppression
or longer survival times (especially those that gave chemo
suppression above 90%). In polyherbal practice, such
interactions are often referred to as synergistic, additive
or potentiative, but it was beyond the scope of our study
to understand the exact type of interactions. To under-
stand the pharmacological mechanisms underlying these
observations or outcomes of the interactions among the
plant extracts in the combination, more studies will be
warranted. Previously, a combination of Aa with Va non
polar extracts (petroleum ether) had demonstrated 100%
parasite clearance by day five [45], but the survival time
for the animals was short (10 days) compared to the arte-
misinin group (over a month). Our study unveiled that,
the combination of the aqueous extracts of the two plants
with Microglossa pyrifolia showed a higher parasite sup-
pression than the standard drug (Arteminisin-Lumefan-
trine), and it also increased the survival time similar to
the positive control. This is even safer and cheaper since
petroleum ether and other non-polar solvents are expen-
sive and associated with toxicity. Aqueous extracts are
also commercially practical for large-scale production
and closely replicate the traditional uses of these plants
in Ugandan local communities for the management of
malaria.
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Antimalarial in vivo studies on the individual aque- 75.15% with a survival period of 14 days at the dose of
ous extracts of the three plants have never exhibited any = 400 mg/kg [22]. For Artemisia annua infusion, a para-
chemo suppression as shown by the combinations. The  site inhibition of close to 80% with 1000 mg/kg was
highest efficacy ever reported for V. amygdalina was reported but survival did not exceed 2 weeks [46]. No
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studies so far available for the in vivo antimalarial effi-
cacy of Microglossa pyrifolia, creating the need to profile
its activity in future studies at lower doses though it has
been linked to liver toxicity.

The significant increase in survival time by the interac-
tion between Aa and Va (P=0.0063) is not in agreement
with the work of Cissy [25] who reported 10 days survival
time for combinations of Aa and Va petroleum ether
extracts. This difference could be attributed to the differ-
ence in the extraction solvents (non-polar vs aqueous),
and it also indicates that petroleum ether extract combi-
nations of the plants exhibit fast chemo-suppression but
short survival times compared to aqueous extracts. This
is also similar to a study that reported faster reduction of
parasitemia (93%) by combinations of Arteminisin with
Arteanuin B, Scopoletin, and Arteanuinic acid, but also
exhibited shorter survival time [19].

Therefore, the optimum combination of the aqueous
extracts of the three plants have so far demonstrated bet-
ter antimalarial activity and longer survival time com-
pared to any other known study regarding these selected
plants. The complexity of phytochemical compositions
of herbal extracts has rendered them immune to para-
site resistance compared to one-bullet synthetic drugs
that have suffered from resistance over the years (rang-
ing from quinine, chloroquine, amodioaquine, and now
artemisinin-based therapies). Therefore, an optimum
combination of the three plants as a natural herbal anti-
malarial therapy offers an alternative to first line Arte-
misinin based Combination Therapy (ACTs) as parasite
resistance looms.

Conclusion

The factorial design approach is useful in optimization
of various combinations of plant extracts to understand
possible interactions and obtaining the best or most effi-
cacious set of dose levels. Based on this, our study has
demonstrated that, an optimum combination of aque-
ous extracts of Artemisia annua, Vernonia amygdalina,
and Microglossa pyrifolia suppressed the malaria parasite
and improved the survival time comparable to the stand-
ard Artemisinin-Lumefantrine at 4 mg/kg. This offers a
potential natural polyherbal therapy as an alternative to
ACTs (already showing signs of parasite resistance in
some parts of sub-Saharan Africa) if further developed
into a standard phytopharmaceutical and subjected to
Randomized Controlled Trials (RCTs).
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