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Background: A current challenge in malaria control and elimination is the progressive
resistance to most antimalarial drugs which necessitates the discovery of new options. Hence,
the current study was initiated to investigate the antimalarial activity of the stem bark of
Fagaropsis angolensis in mice.

Methods: The test material was extracted using 80% methanol in a cold maceration technique
and further fractionated in solvents of varied polarity. Acute oral toxicity was assessed following
the OECD guideline no. 425 protocol. Then, the antimalarial activities of the crude extract and
the fractions were evaluated in a 4-day suppression test. Rane’s test was also used to evaluate the
curative potential of the n-butanol fraction that showed the highest effect during the 4-day
suppressive test. Parameters such as parasitemia suppression, mean survival time, packed cell
volume, rectal temperature, and body weight were determined to establish the activity.
Results: The acute oral toxicity test indicated that the plant did not cause any signs of
behavioral changes or mortality at 200 mg/kg limit dose. In a 4-day suppression test, a
significant dose-dependent reduction in the parasitemia level and prolongation of survival
time were observed (p<0.001) in all three doses of the crude extract compared with the
negative control. The crude extract also exhibited a significant (p<0.001) protective effect in
packed cell volume and rectal temperature decline in all three doses in a dose-dependent
fashion compared with the negative control. Among all fractions, the n-butanol fraction
displayed the highest effects in all parameters in the 4-day suppression test. In addition, the
n-butanol fraction also showed a significant percentage of parasitemia suppression effects at
all doses in Rane’s test. Furthermore, higher free radical scavenging activity was observed in
the n-butanol fraction and the 80% methanol extract.

Conclusion: This study established that Fagaropsis angolensis had shown potential antima-
larial activity as evidenced by the significant effects in the different parameters, upholding its
traditional use for the treatment of malaria and laying the foundation for further investigations.
Keywords: antimalarial activity, Plasmodium berghei, Fagaropsis angolensis, parasitemia,

antioxidant activity

Background

Malaria, a serious worldwide protozoan disease, is a common killer predominantly
in tropical and subtropical countries, primarily affecting children and pregnant
women. There are five plasmodium species known to cause malaria infection to
date, of which Plasmodium falciparum and Plasmodium vivax lead to most malaria

infections globally.'
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The 5 years trend reports of malaria cases by the World
Health Organization (WHO) showed that 21% incidence
and 29% mortality rates of malaria occur worldwide. In
2018, more than 228 million cases and more than 400,000
deaths occurred due to malaria, of which about 213 million
cases and 380 thousand deaths occurred in Africa.>* Sub-
Saharan Africa, in particular, is a high burden region
where more than 90% of the global malaria-related mor-
tality occurs.’

Currently, the major challenge in malaria control and
elimination is that most antimalarial drugs (chloroquine,
artemether/lumefantrine, quinine, primaquine, etc.) have
reduced efficacy and fail to treat malaria due to the pro-
gressive resistance of P. falciparum and P, vivax.® In addi-
tion to this, no single antimalarial drug is effective against
all exo-erythrocytic and intra-erythrocytic forms of the
parasite.®’ Moreover, the elimination of malaria and con-
trol of transmission is hindered by the lack of sporozoiti-
cidal drugs. The increasing resistance of the parasites to
the currently available antimalarial drugs and their limited
therapeutic efficacy alongside the slow pace in the discov-
ery and development of new alternative drugs make the
situation more challenging. Hence the necessity in search-
ing for any new treatment options, primarily from medic-
inal plants.®’ Historically, medicinal plants have long been
a potential source of many drugs including the available
antimalarial drugs.'’

The studied plant, Fagaropsis angolensis, is a tree that
belongs to the Rutaceae family of flowering plants. The
different parts of the plant are traditionally used for the
treatment of various ailments. For instance, leaves and root
decoctions are used to treat back pain and joint-aches,
malaria, male sterility, and cancer.!'"!® The seeds of the
plant are also chewed for malaria.'* In Ethiopia and
Kenya, a decoction of the stem bark is widely used in
the treatment of malaria, pneumonia, amoebiasis, and
diarrhea.'>'® Traditionally, the plant is also applied in
veterinary uses to treat diarrhea, wounds, bovine pleurop-
neumonia, babesiosis, and anaplasmosis in cattle.!”1?

Moreover, previous reports in literature indicated that F
angolensis possessed antimicrobial, anticancer, anti-leishma-
nial, antifungal, and anti-trypanosomal activities.”>>* Most
importantly, some studies revealed that the aqueous and
methanolic stem bark extracts of F. angolensis showed sig-
nificant in vitro anti-plasmodial activity against both chlor-
oquine-resistant and chloroquine-sensitive strains of P,
falciparum.*>*" Therefore, the present study was initiated
to investigate the antimalarial activity of the stem bark

extract of F angolensis in Plasmodium bergheiinfected
mice and its antioxidant activity.

Methods and Materials

Plant Material

The stem bark of F. angolensis was collected from Sidama,
Southern Ethiopia in December 2019. The plant material
was identified and authenticated and a specimen number
(BK003) was deposited at the National Herbarium,
of Natural
University of Gondar for future reference.

College and Computational Sciences,

Experimental Animals and Parasite

Healthy adult male Swiss albino mice (25-30 g, and 6-8
weeks of age) (for the antimalarial test) and female mice
(for the acute toxicity test) were obtained from the animal
house of the Department of Pharmacy, Wollo University.
The animals were placed in cages under standard condi-
tions with 12 hours light and dark cycles. They were
provided with a standard pellet diet and water ad libitum
throughout the experiment and acclimatized to laboratory
conditions for one week before the
Chloroquine-sensitive P.  berghei ANKA
obtained from the Ethiopian Health and Nutrition

experiment.
strain was

Research Institute (EHNRI). The parasite was maintained
by serial passage of blood from infected mice to non-
infected mice on a weekly basis.”®

Extraction and Solvent Fractionation
After the stem bark of the plant was dried for 3 weeks in
the shade, it was ground to a coarse powder using a
wooden mortar and pestle. The coarse powder was
weighed (600 g) and macerated in Erlenmeyer flasks
with 80% methanol (1.8 L) for 72 hours with occasional
shaking at room temperature. Then, the extract was filtered
by gauze (muslin) and re-filtered using Whatman No. 1
filter paper. The bark was re-macerated twice in the same
manner. Then, the filtrates were combined and evaporated
on a rotary evaporator (Buchi Rota Vapor R-200) under
reduced pressure and dried in a lyophilizer (Wagtech
Jouan Nordic DK-3450 Allerod, Denmark). The extract
was put in the refrigerator until used for further activities.
Then, the hydromethanolic extract was successively
fractionated using solvents of differing polarity (chloro-
form, n-butanol, and distilled water). The crude extract
(60 g) was mixed with 200 mL distilled water in a separ-
ating funnel and an equivalent amount of chloroform was
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added and shaken. After a distinct layer was formed in the
mixture, the chloroform fraction was separated. This pro-
cedure was repeated three times to find the chloroform
fraction. Then the aqueous residue was mixed with an
equivalent volume of n-butanol and separated. The chloro-
form and n-butanol fractions were evaporated under
reduced pressure using a rotary evaporator (Buchi Rota
Vapor R-200) and dried in an oven at 40°C, while the
aqueous fraction was dried in a freeze drier. The dried
fractions were placed in a airtight container at —4°C until
used for the actual experiment.

Acute Oral Toxicity Study

Acute oral toxicity study was carried out based on the
Organization  for  Economic  Cooperation  and
Development (OECD) guidelines no. 425.% Initially, the
80% methanol extract and solvent fractions were adminis-
tered to mice at a dose of 2000 mg/kg, after fasting for 4
hours. Then, a mouse was kept under strict observation of
physical and behavioral changes for 24 h, with special
attention during the first 4 h. Following this pilot study,
another four mice were allowed to fast for 4 hours having
obtained the information about safety in the initial study.
The same 80% methanol extract and solvent fractions were
administered separately to each mouse and were observed
for 24 h. The animals were also observed for the develop-
ment of any toxicity daily for 14 days.

Animal Grouping and Dosing

The mice were divided into five groups randomly, each
group containing six mice (n = 6). Group I (negative
control) was treated with 10 mL/kg distilled water (DW);
Groups II, III, and IV were treated with three different
doses (200, 400, and 600 mg/kg, respectively) and Group
V was treated with the standard drug, chloroquine (25 mg/

kg) in both 4-day suppressive and curative model.*°

Parasite Inoculation

Previously infected mice having a parasitemia level of 20—
30% were taken as donors. Donor mice were then sacrificed
by cervical dislocation and blood was collected by a hepar-
inized tube containing 0.5% tri-sodium citrate. Then the
blood was diluted with normal saline (0.9%) based on the
parasitemia level of the donor mice and the red blood cell
(RBC) count of normal mice on the basis that 1 mL blood
contains 5 x 107 infected RBCs. Then, each mouse was
inoculated with 0.2 mL of blood containing 1x10” P. berghei

parasitized erythrocytes by intraperitoneal route.>'

Evaluation of Antimalarial Activity
Four-Day Suppressive Test (Peter’s Test)

In this experiment, 30 mice were infected on day 0. Then,
2 hours post-infection, mice were distributed randomly
and treated according to their grouping as described
above. Treatment of the 80% methanol extract and the
fractions continued until day 3. Thereafter, on day 4,
determination of parasitemia level, percent suppression,
and survival time were undertaken and additional para-
meters such as packed cell volume (PCV), body weight,
and temperature were measured before and at the end of

the experiment.*'-**

Curative Test (Rane’s Test)

The most active fraction during the 4-day suppressive test
was evaluated for its curative potential through Rane’s
test. At 72 hours post-infection, mice were grouped ran-
domly into five groups and treated accordingly as above.
Mice were further treated for 3 consecutive days. The
daily parasitemia level was recorded until the 7th day.
Similarly, PCV, body weight, and temperature were mea-
sured before and at the end of the experiment.*”

Determination of Parasitemia and Survival Time
Determination of parasitemia was carried out by counting the
number of infected RBCs (a minimum of three fields per slide)
using a light microscope (MB23 0 T, China) with a lens
magnification power of 100x. Percent parasitemia and percent
suppression were calculated using the following formula.*®

Number of parasitized RBC

% Parasitemia = x 100
Total number of RBC count
% Parasitemia in B % Parasitemia in
negative control study grou,
% Suppression = & _ STUEY §TOUP

Y%oparasitemia in
negative control

x 100

Finally, the mean survival time (MST) was computed by

using the formula.*'**

MST — Total number of days mice survived

Total number of mice

Determination of Packed Cell Volume, Rectal Temperature,
and Body Weight

PCV determination was conducted after blood was col-
lected from the tail of each mouse using heparinized
tubes. A microhematocrit

capillary centrifuge
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(Hettichhaematokrit, Germany), centrifugation at 12,000
rpm for 5 min, was used. In addition, sensitive digital
weighing balance and rectal thermometer were used to
measure body weight and rectal temperature of each
mouse, respectively.®’

PVC — Volume of erythrocytes in a given volume of blood

Total blood volume

Preliminary Phytochemical Analysis
The phytochemical analysis of 80% methanol extract and
fractions were performed following the methods described

by Trease and Evans, and Debella.***’

In vitro Antioxidant Activity in DPPH Assay
The free radical scavenging activities of the crude extract
and solvent fractions were determined by using diphenyl-
2-picrylhydrazyl (DPPH; Sigma Aldrich) assays following
the methods described by Blois*® and Desmarchelier et
al.*! Different concentrations of 100 mL of a methanolic
solution ranging from 50 to 1000 mg/mL were added to
3.9 mL of a 0.004% methanolic solution of DPPH. The
absorbance was measured at 517 nm after 30 min, and the
percent inhibition of DPPH was calculated. The percen-
tage of the scavenging of the DPPH free radical was
calculated by the formula: (A0- A1)/A0* 100, where A0
is the absorbance of the control and Al is the absorbance
of the extract/standard.

Data Processing and Analysis

The data were entered, coded, and analyzed using Statistical
Package for the Social Sciences (SPSS) version 23 and pre-
sented as mean + standard error of the mean (SEM). One-
way analysis of variance (ANOVA) followed by Tukey post
hoc test was performed. Furthermore, two-way repeated
measures ANOVA was employed for the analysis of the
gradual development of parasitemia across days of treatment
in Rane’s test. Finally, the results were considered significant
at a 95% confidence level when the p-value was <0.05.

Results

Acute Oral Toxicity Test

Oral administration of 2000 mg/kg of 80% methanol
extract and the fractions produced no signs of behavioral
changes within 24 h of application. The animals were also
followed up for 14 days and neither mortality nor any
signs of toxicity were observed, indicating that the lethal

dose (LD50) values of the extract and fractions are
exceeding 2000 mg/kg in mice.

Effect of 80% Methanol Extract in the 4-
Day Suppressive Test

A dose-dependent reduction in the parasitemia level and
prolonged MST were significantly (p<0.001) different in the
three doses of the methanol extract compared with the nega-
tive controls. The highest dose (600 mg/kg) was found to
produce a significant reduction (p<0.001) in parasitemia and
an increased survival time compared with 200 and 400 mg/kg
doses. However, all the three doses showed significantly
lower effects than the standard drug (p<0.001) (Table 1).

With respect to PCV and temperature determination,
the crude extract exhibited a significant (p<0.001) protec-
tive effect in PCV and rectal temperature decline in all
three doses in a dose-dependent fashion when compared
with the negative control. The highest dose was found to
have a statistically significant effect in comparison with
the middle (p<0.05) and the lowest dose (p<0.01) in these
parameters. In addition, the crude extract was able to
prevent bodyweight reduction significantly (p<0.01) com-
pared with the negative control at the doses of 400 mg/kg
and 600 mg/kg. However, significantly (p<0.001) more
protective effects were produced by the standard drug
than all the doses of the crude extract towards a reduction
in the three parameters (Table 2).

Effect of Solvent Fractions in the 4-Day

Suppressive Test

Despite all the fractions having varying degrees of parasite-
mia suppression and survival prolongation effects, every
dose of the fractions showed a significant effect (p<<0.001)
in parasitemia suppression as well as an increase in survival

Table | Parasitemia and Survival Time of Infected Mice Treated
with 80% Methanol Extract of the Stem Bark of F. angolensis in
the 4-Day Suppressive Test

Groups % Parasitemia | % Suppression Survival Time
(Days)

2% TW80 37.48+0.25 - 7.87+0.25

CQ 25 mg/kg | 0.00+0.00 100.00°" 28.65+0.00°"

200 mg/kg 18.72+0.45 50,053""BTIE || | 540087 VI

400 mg/kg 16.94%0.16 54,807 13.500.42%" ¥

600 mg/kg 15.1240.31 59,66 15.70+0.35%"

Notes: Values are expressed as mean * SEM; n = 6; *Against negative control;
PAgainst CQ25 mglkg; “Against 200 mg/kg; Against 400 mg/kg; “Against 600 mg/kg;
#p<0.05; *¥p<0.01; #¥3p<0.001.

Abbreviations: 2% TW80, 2% Tween80; CQ, chloroquine.
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Table 2 Packed Cell Volume, Rectal Temperature and Body Weight of Infected Mice Treated with 80% Methanol Extract of the Stem

Bark of F. angolensis In the 4-Day Suppressive Test

Groups Packed Cell Volume Rectal Temperature Body Weight

Do D4 % Change Do D4 % Change Do D4 % Change
2% TW80 60.82£1.17 | 57.36x£1.02 | —6.03 36.86+0.16 | 34.73£0.16 | —6.13 28274021 | 26.85+0.22 | —5.29
CQ25 mglkg | 60.76+1.33 | 60.53+1.14 | —0.38*"" 36.54+0.25 | 36.23+0.39 | —0.86 28.84+0.32 | 28.34+029 | —1.76 ¥
200 mglkg 60.55+0.57 | 57.96+0.48 | —4.47 ¥ | 36.5240.13 | 35.48+0.18 | —2.93 ¥P" | 28754032 | 27.75+0.34 | —3.60 °
400 mglkg 60.80+0.69 | 58.33+0.54 | —3.45 ¥™¢" | 36404022 | 35.52+0.19 | —2.48 ¥ | 28.81+044 | 27.96+0.35 | —3.04*"7*"
600 mglkg 60.91£0.45 | 59.99+0.52 | —1.53 ¥ 36.2540.18 | 35.624020 | —1.77 ¥ | 28.4240.54 | 27.64+0.66 | —2.82°"

Notes: Values are expressed as mean + SEM; n = 6; *Against negative control; *Against CQ25 mg/kg; “Against 200 mg/kg; Against 400 mg/kg; ®Against 600 mg/kg; *p<0.05;

*#p<0.01; ***p<0.001.

Abbreviations: 2% TW80, 2% Tween80; CQ, chloroquine; Dy, pre-treatment value on day 0; D4, post-treatment value on day 4.

time compared with their respective negative controls. The
highest doses of the n-butanol and chloroform fractions had
a significant parasitemia suppression effect (p<<0.01) in com-
parison with their respective lowest doses with a p-value of
p<0.01 and p<0.05, respectively. Likewise, a dose-depen-
dent effect was also observed in the two fractions.
Nonetheless, the n-butanol fraction showed the highest
effects among the fractions in parasitemia suppression effect
as well as prolongation of survival time (Table 3).

All the doses of the three fractions produced a statistically
significant protective effect (p<0.001) in PCV decline when
compared with the negative controls. However, the n-butanol
fraction indicated a higher significant preventive effect
(p<0.01) in rectal temperature decline than the chloroform
and aqueous fractions, compared with their negative controls.

In addition, the highest doses were able to show a dose-depen-
dent temperature stabilization effect in comparison with the
middle and lowest doses, in all three fractions. Regarding body
weight change, the n-butanol and chloroform fractions showed
significant prevention of body weight lowering at 400 and 600
mg/kg doses (p<0.01) and at 200 mg/kg (P<0.05), compared
with the negative controls. But, the aqueous fraction was
devoid of a protective effect at all doses (Table 4).

Effect of n-Butanol Fraction in the Rane’s
Test

Among all fractions, the n-butanol fraction displayed the
highest effects in all parameters in the 4-day suppression test
model. As a result, it was further investigated for its curative
potential in Rane’s test. In this experiment, all three doses of

Table 3 Parasitemia and Survival Time of Infected Mice Treated with Solvent Fractions of the Stem Bark of F. angolensis in the 4-Day

Suppressive Test

Groups % Parasitemia % Suppression Survival Time (Days)
2% TW80 37.78+0.64 - 7.45+0.22

CQ25 mg/kg 0.00+0.00 100.00*" 28.00+0.00°"

200 mg/kg CF 25.62+0.44 EV AL i 10,1 540,252 5"
400 mg/kg CF 23.76+0.35 37,1 ¥ 1.3340,39%5
600 mg/kg CF 22.48+0.21 4050 @0 12.02+0.27%"5

2% TW80 37.92+0.65 - 7.18+.017

CQ25 mefkg 0.00£0.00 10000 28.00£0.00°

200 mg/kg BF 21.35+0.38 4370 *HIder | 1.85+0 397" b d=er
400 mg/kg BF 19.66+0.34 48,5 b 12.88+0.237" 0"
600 mg/kg BF 17.85+0.36 52,93 ¥ 14.7840.2625

2% TW80 37.85+0.42 - 7.1740.23

CQ25 mefke 0.00£0.00 10000 28.00£0.00°

200 mg/kg AF 33.56+0.38 11,33 @brrer 8.67+0,247 65"
400 mg/kg AF 31.44+0.27 16.94 20" 9.14+0.267 "

600 mg/kg AF 30.45+0.23 19.55 @b* 9.4540.22°°0"

Notes: Values are expressed as mean + SEM; n = 6; *Against negative control; bAgainst CQ25 mglkg; “Against 200 mg/kg; dAgainst 400 mg/kg; “Against 600 mg/kg; *p<0.05;

#4p<0,01; #p<0.001.

Abbreviations: CF, chloroform fraction; BF, butanol fraction; AF, aqueous fraction; 2% TW80, 2% Tween80; CQ, chloroquine.
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Table 4 Packed Cell Volume, Rectal Temperature and Body Weight of Infected Mice Treated with Solvent Fractions of the Stem Bark

of F. angolensis in the 4-Day Suppressive Test

Groups Packed Cell Volume Rectal Temperature Body Weight

Do D4 % Change Do D4 % Change Do D4 % Change
2% TW80 59.34+0.14 | 54.05+0.42 | —9.79 36.5240.14 | 34.62+0.33 | —5.49 28.382+0.21 | 27.070+0.19 | —4.85
CQ25 mglkg | 60.15£0.31 | 59.82+0.24 | —0.55"" 35.48+0.04 | 35.50£0.16 | —0.06*"" 28.082+0.44 | 28424022 | —1.19°"
200 mg/kg CF | 59.5320.13 | 55.91+0.55 | —6.47"">™ 36.3140.11 | 34.96+024 | —3.86°° 28.142+0.09 | 26.96+035 | —4.38"""
400 mg/kg CF | 60.01+0.33 | 56.80+0.46 | —5.65%""°"" 36.20+0.08 | 35.44+0.64 | —2.14°"%™ | 27.972+055 | 26.98+0.42 | —3.68*""™"
600 mg/kg CF | 60.71+023 | 57.83+0.36 | —4.798""">"™" 35.73+0.34 | 35.010.78 | —2.06°"*™ | 28.162+0.33 | 27.21+0.42 | -3.50°"*"
2% TW80 59.2440.11 | 54.04+0.32 | —9.62 36.53+0.14 | 34.59+0.71 | 5.6l 2840£0.19 | 27.07£022 | —49I
CQ25 mglkg | 60.14£0.09 | 59.95+0.18 | —0.32°" 35.49+0.44 | 35.49+0.65 | —0.00°"" 28.10£0.36 | 28.32+021 | —0.78"
200 mg/kg BF | 59.48+0.23 | 56.82+0.24 | —4.68°"P™9"™ | 36374034 | 35.074£0.09 | —3.71¥"°™<™ | 28.01+039 | 26.95+0.19 | —3.93*"®™"
400 mg/kg BF | 60.10+0.53 | 57.86+0.50 | —3.87°""°"™" 36.27+0.22 | 35.43+0.55 | —2.37°7"Y™ | 27974032 | 27.02+0.18 | —3.52*"""
600 mg/kg BF | 60.7520.33 | 59.20£0.26 | —2.62%""*™ 35.79+0.32 | 35.13£0.39 | —1.88""*™ | 27.66+0.52 | 26.88+0.23 | —2.90°"*"
2% TW80 59.27+0.43 | 54.05£0.63 | —8.70 3654024 | 34.59+0.44 | —523 284024029 | 27.072+0.33 | —4.68
CQ25 mglkg | 60.13£0.36 | 59.86+0.23 | —0.45°" 35.49+0.55 | 35.48+0.67 | —0.03*"" 28.102+0.18 | 28.422+0.22 | —1.14
200 mg/kg AF | 59.58+0.55 | 55.01%0.17 | —7.67°"*™ 36.38+0.08 | 34.95+0.77 | —3.93""™ 28.17240.35 | 26.972+0.29 | —4.26"™
400 mg/kg AF | 60.05+0.73 | 5574039 | —7.24*7" 36.24+0.55 | 35.04+023 | —331*"*™ | 28.012+0.36 | 26.822+0.24 | —4.25 *
600 mg/kg AF | 60.69+0.43 | 56.52+0.53 | —6.87°""*"™ 35.83+0.78 | 34.9140.19 | —2.57°"%™ | 28232+0.56 | 27.12240.22 | —-3.93 ¥

Notes: Data are expressed as mean + SEM; n = 6; *Compared with negative control; "To CQ25 mg/kg; “To 200 mg/kg; *To 400 mg/kg; *To 600 mg/kg; *p<0.05; ¥p<0.01; #p<0.001
Abbreviations: CF, chloroform fraction; BF, butanol fraction; AF, aqueous fraction; 2% TW80, 2% Tween80; CQ, chloroquine; Dy, pre-treatment value on day 0; D4, post-

treatment value on day 4.

n-butanol fraction exhibited a statistically significant lowering
effect in parasitemia level as well as improvement of mean
survival time in a dose-dependent fashion (p<0.001) com-
pared with their negative controls. Furthermore, a substantial
dose-dependent effect was also depicted with the highest dose
in comparison with the other two doses (Table 5).
Additionally, considerable (p<0.001) preventive effects
were shown at all doses of n-butanol compared with the
negative controls, in both PCV and rectal temperature decline.
Besides, prevention of lowering of body weight was max-
imum at the highest dose (p<0.001) followed by middle dose
(p<0.01) and lowest dose (p<0.05) when compared with the

Table 5 Parasitemia and Survival Time of Infected Mice Treated
with n-Butanol Fraction of the Stem Bark of F. angolensis in Rane’s
Test

Groups % Parasitemia | % Suppression Survival Time
(Days)

2% TW80 72.63£0.43 - 7.23+0.53

CQ25 mg/kg | 0.00%0.00 100.00"" 28.00+0.00*™

200 mg/kg 41.52£0.42 42,83 TTHTETE | 45
0,305

400 mglkg 38.330.64 4723 T 12.48+0.36>""""

600 mg/kg 32.5420.24 54.20 ¥ 13.67+0.40°""*

Notes: Values are expressed as mean + SEM; n = 6; *Compared with negative
control; ®To CQ25 mg/kg; “To 200 mg/kg; “To 400 mg/kg; “To 600 mg/kg; *p<0.05;
**p<0.01; ***p<0.001.

Abbreviations: 2% TW80, 2% Tween80; CQ, chloroquine.

negative control groups (Table 6). In general, a dose-depen-
dent effect was also noticed in all the three parameters i.e.
PCV, rectal temperature, and body weight measurements.

Antioxidant Activity of Crude Extract and
Solvent Fractions

The DPPH free radical scavenging activities of the crude
extract and solvent fractions of stem bark of F. angolensis
were concentration-dependent with an IC50 value of 2.72
+0.34, 3.64 +0.12, 6.11£0.23, 8.33 + 0.15, and 14.93 £
0.44 mg/mL for the ascorbic acid, crude extract, n-butanol
fraction, chloroform fraction and aqueous fraction, respec-
tively.

Higher free radical scavenging activity was

observed in the n-butanol among other fractions. (Table 7)

Preliminary Phytochemical Screening

The phytochemical screening test revealed the presence of
polyphenols, alkaloids, flavonoids, terpenoids, glycosides,
and steroids, with an absence of saponins in the crude
extract and all fractions. The aqueous fraction was also
devoid of tannins (Table 8).

Discussion

In this experiment, the crude extract and solvent fractions of the
plant stem bark were evaluated for antimalarial activities in terms
of their schizontocidal activities during early infection in Peter’s
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Table 6 Packed Cell Volume, Rectal Temperature and Body Weight of Infected Mice Treated with n-Butanol Fraction of the Stem Bark

of F. angolensis in Rane’s Test

Groups Packed Cell Volume Rectal Temperature Body Weight

D D, % Change D; D, % Change D D, % Change
2% TW80 50.96+0.65 | 42.85+0.42 | —18.93 35.23+0.24 | 33.38£0.25 | —5.54 27.99+0.45 | 25.65£0.52 | —9.12
CQ25 mglkg | 51.66+0.45 | 52.34+0.25 | —1.30 *™ 35.1540.21 | 35.35%0.19 | —0.57°" 28.49+0.52 | 28.96+0.43 | —1.62°"
200 mg/kg 51.08+0.28 | 47.11+0.18 | —8.43*™"™9™<™ | 352840.15 | 33.88+0.20 | —4.13 *"*™"™ | 2786+0.33 | 25.77+0.25 | —8.11%"*
400 mg/kg 50.89+0.71 | 48.16£0.22 | —5.67 ¥ 35.26+0.35 | 34.1240.34 | —3.34 ¥ 28.08+0.43 | 26.1240.42 | —7.50°">"
600 mg/kg 51.58+0.11 | 49.360.17 | —4.50 "™ 35.2340.19 | 34462022 | —2.23 "™ 28.1940.53 | 26.35+0.32 | —6.98*""""

Notes: Values are expressed as mean = SEM; n = 6; *Compared with negative control; ®To CQ25 mg/kg; “To 200 mg/kg; “To 400 mg/kg; “To 600 mg/kg; *p<0.05; *p<0.01;

#kp<0,001.,

Abbreviations: 2% TW80, 2% Tween80; CQ, chloroquine; D3, pre-treatment value on day 3; D, post-treatment value on day 7.

Table 7 Antioxidant Activities of the Crude Extract and Solvent Fractions of Stem Bark of F. angolensis in DPPH Assay Model

% Inhibition of DPPH

Concentration (mg/mL) | Aqueous Fraction | Chloroform Fraction | n- Butanol Fraction | Crude Extract | Ascorbic Acid
50 1324 + 1.52 30.07 + 0.80 39.19 +0.55 44.37 +£0.66 48.67 £1.23
100 28.64 + 0.45 43.54 111 56.62 +1.20 65.40 +0.57 69.53 +0.88
200 42.37 £ 048 55.22 +0.12 6851 +0.49 72.37 £1.02 76.19 £0.36
400 4894 + 0.78 65.37 £ 0.75 75.27 +0.46 78.79 +0.66 83.55 +0.73
600 59.37 + 1.03 70.79 + 0.34 79.27 +0.67 82.48 +0.59 90.34 +0.84
800 68.84 + 0.66 78.64 + 0.47 81.27 +0.82 85.49 +0.64 94.27 +0.54
1000 71.42+0.26 83.71 £ 1.22 86.44 +1.34 90.57 +0.65 98.07 +0.18
IC50 mg/mL 14.93 + 0.44 833 £0.15 6.11 £0.23 3.64 +0.12 2.72 +0.34

Notes: The values are presented as means + standard error of the mean (SEM); n = 3, triplicate measurements.

Abbreviation: IC50, 50% inhibitory concentration.

Table 8 Preliminary Phytochemical Screening of 80% Methanol Extract and Solvent Fractions of Stem Bark of F. angolensis
Secondary Reagents/ Crude Chloroform n-Butanol Aqueous
Metabolites Chemicals Extract Fraction Fractions Fraction
Alkaloid Mayer’s reagent + + + +
Flavonoids Lead acetate + + + +
Phenols 1% FeClI3 + + + +
Terpenoids H2SO4& chloroform + + + +
Saponins Vigorous shaking - - - -

Tannins 0.1% ferric chloride + + + -
Steroids H2SO4& chloroform
Glycosides Glacial acetic acid

Notes: *Presence; “Absence.

4-day suppressive test, and the curative potential of the most
active fraction during established infection in the Rane’s test.

In the present study, the acute oral toxicity study
revealed that the plant neither produced gross behavioral
changes nor mortality in mice indicating that the median
lethal dose was beyond 2000 mg/kg, according to OECD
guideline no. 425 and thus, the safety of the plant in the
folklore antimalarial use seems to be reliable.

According to this study, the crude extract and frac-
tions of the plant produced promising antioxidant activ-
ity. Among fractions, higher free radical scavenging
activity (86.44%) was observed in the n-butanol while
the lowest effect (71.42%) was observed in the aqueous
fraction. The percentage of inhibition of the crude
extract and ascorbic acid was found to be 90.57% and
98.07%, respectively.
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In a 4-day suppressive test, the percent of parasitemia
suppression and mean survival time were determined and
compounds were assumed effective when parasitemia sup-
pression exceeded 30%.* In this study, the dose-depen-
dent inhibition of parasitemia and prolongation of survival
time were observed at all the doses of the crude extract.
Therefore, it is safe to assume that the plant could produce
considerable schizontocidal activity, so that the primary
attack due to an early infection can be mitigated®* and the
overall pathogenic effect of the parasite was substantially
reduced.®

The maximum chemo-suppressive effect was seen in
the n-butanol fraction followed by chloroform and aqu-
eous fraction with a percentage parasitemia suppression of
52.93, 40.5, and 19.55 respectively at their highest doses.
Likewise, survival time improvement was highest in the n-
butanol fraction followed by the chloroform fraction. This
shows that the type and content of bioactive secondary
metabolites responsible for antimalarial activity are more
concentrated in n-butanol and chloroform fractions. The
higher chemo-suppressive effect of n-butanol fraction
compared with the other two fractions could imply that
active parts are concentrated in relatively non-polar and
semi-polar solvents.*>** However, the fractions had lower
effects of parasitemia suppression as well as MST than the
crude extract, suggesting that fractionation might lead to
of additive or less

loss synergistic activity and

concentration of secondary metabolites, as evidenced by
other studies.®*

The curative potential of the n-butanol fraction was
further investigated in Rane’s test. In this study, the n-
butanol fraction exhibited substantial inhibition of parasi-
temia and improved survival time. Over the course of
treatment, a significant difference (p < 0.001) in parasite
development was shown upon the two-way repeated mea-
sures ANOVA analysis of parasitemia. Moreover, signifi-
cant parasitemia suppression of the fraction was
commenced after the initial dose, compared with the nega-
tive control (Figure 1). This indicates that the plant had
profound rapid and sustained antimalarial effects in early
and late infections in a dose-dependent manner, supported
by similar studies”*® and supports the in vitro antiplasmo-
dial activity of F. angolensis as well as its ethnobotanical
uses.'> 1

On the other hand, prevention of body weight loss,
amelioration of anemia, and stabilization of temperature
in infected mice are important actions of a potent antima-
larial drug.®*” In this regard, the plant had a promising
effect on these parameters as revealed by this study.
Protective effects of the crude extract against a drop in
PCV and rectal temperature were statistically significant
(p<0.001) in all the three doses compared with their
respective negative controls (Table 2). This finding could

infer that the plant has good protective effects against

80

70 /Y
P 60
E =4=200mg/kg
S 50 /
«»n
g =-400mg/kg
R
3 40 a
S / / 600mg/kg
£ 30
§ == CQ25mg/kg
3 20 —#=2%TWS0
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Figure | Parasitemia development over the course of treatment with n-butanol fraction of the stem bark of F. angolensis in Rane’s model.
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hemolysis of parasitized erythrocytes and considerable
effect towards controlling some pathological processes
and the immune system and thus, preventing a further
drop in metabolic rates and body temperature. Previous
reports indicated that increased parasitemia is associated
with decreased metabolic rates and reduced temperature
that may lead to death.*® Furthermore, malaria infection is
accompanied by bodyweight reduction as a result of
decreased food intake, disturbed metabolic function, and
hypoglycemia.®** The crude extract produced a moderate
effect in ameliorating a decrease in body weight. This
effect correlates with the overall improvement in PCV,
body temperature, and parasitic clearance.” Moreover, the
antioxidant effect of the crude extract has a substantial
contribution to prevent PCV reduction resulting from oxi-
dative stress-associated hemolysis of RBCs, as supported
by previous reports.**->°

Likewise, in the 4-day suppressive test, all fractions at
the three doses produced statistically significant protective
effects (p<0.001) in PCV and rectal temperature decline
when compared with the negative controls. However, the
n-butanol fraction being the most active fraction had the
highest circumvention effect (p<0.001) in PCV and rectal
temperature reduction in both models. The maximum anti-
oxidant activity alongside the bioactive constituents either
individually or synergistically may be responsible for its
profound antimalarial activity in both models.

The current phytochemical screening revealed that both
the crude extract and the fractions are endowed with
different secondary metabolites notably polyphenols, fla-
vonoids, terpenoids, steroids, alkaloids, and glycosides.
Interestingly, from the stem bark of £ angolensis, it was
possible to isolate 6-acetonyl derivatives of the benzophe-
nanthridine alkaloids such as dihydrochelerythrine, dihy-
dronitidine, and dihydrosanguinarine that promise to have
antioxidant and antimalarial activities.”' This finding was
further supported by similar studies which have indicated
that secondary plant metabolites such as alkaloids, ter-
penes, flavonoids, xanthones, anthraquinones, phenolic
compounds, sesquiterpenes, and other related compounds
have shown antimalarial activities. For instance, sesquiter-
penes (such as artemisinin) and alkaloids (such as chlor-
oquine) exert their antimalarial effect by the formation of
potentially toxic heme-adducts, among many other
compounds.’*>* Therefore, the study recommends further
isolation, characterization, structural elucidation and the
study of the structure-activity relationship of the active
constituents responsible for this activity.

Generally, the present study together with the previous
in vitro antiplasmodial activity could justify the traditional
uses of the plant in the treatment of malaria.

Conclusion

This study concluded that the plant had promising anti-
malarial activity as evidenced by the significant reduction
in parasitemia level, improvement of mean survival time,
and substantial protective effects in the other surrogate
parameters in a dose-dependent manner. Among all frac-
tions, the n-butanol fraction exhibited maximum antima-
larial activity in both models. The secondary metabolites
and good antioxidant activity of F. angolensis together
may contribute to its antiplasmodial activity.
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