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A B S T R A C T

Ethnopharmacological relevance: In Ethiopia, the indigenous medicinal plant Commelina latifolia Hochst. ex C.B.
Clarke leaves are used to treat malaria and wounds.
Aim of the study: In this work, the antiplasmodial activity of Commelina latifolia crude leaf extract and solvent
fractions against Plasmodium berghei-infected mice was investigated.
Materials and methods: 80% methanol was used to extract the leaves of C. latifolia, and the crude extract was
fractionated using chloroform, pure methanol, and distilled water. All test compounds were undergone an acute
oral toxicity test before being put through Peter’s 4-day suppressive test to see if they have antiplasmodial ac-
tivity. The hydroalcoholic crude extract and chloroform fraction were additionally assessed for antimalarial ac-
tivity using curative and prophylactic tests in P. berghei-infected laboratory mice.
Results: All of the tested crude extracts were safe at a dose of 2000 mg/kg. At 400 mg/kg dose both the 80%
methanol extract and chloroform fraction exhibited antimalarial activity with parasitemia suppression values of
86.31%, and 76.56% in the four-day suppressive test, 81.97% and 72.05% in Rane's test, and 69.05% and 62.88%
in the prophylactic test, respectively.
Conclusion: Collectively, the oral dose of Commelina latifolia is safe, and reveals promising antimalarial activity.
The findings backed up the utilization of the plant in traditional medicine to treat malaria.
1. Introduction

Malaria (the most common and dangerous protozoan disease) causes
millions of Africans to be hospitalized and die each year. In 2020,
approximately 241,000,000 malaria cases were recorded from 85 coun-
tries globally, with 228,000,000 cases reported from Africa (WHO,
2021). Currently, there is a global initiative to eradicate malaria.
Consequently, a remarkable result in malaria control has been achieved
(Hawaria et al., 2019). Malaria continues to be a major public health
issue in Ethiopia, where 68% of the population is at risk of infection.
Plasmodium falciparum and Plasmodium vivax co-exist as major parasite
species in Ethiopia (Taffese et al., 2018). Widespread resistance to the
current antimalarials and the costs of the available drugs led many
Ethiopians to use medicinal plant preparations against malaria. Tradi-
tional and herbal remedies, including the genus Commelina, seem to be
the alternative treatment of choice in countries where malaria is endemic
Tadege).
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(Abebe and Garedew, 2019). Commelina is a genus that comprised around
170 species commonly called dayflowers (Hardy et al., 2009). Plant
species in this genus are widely distributed in tropical and temperate
regions of the world (Ghosh et al., 2019).

The Perennial herb Commelina latifolia Hochst. ex C.B.Clarke is one of
the essential folkloric medicinal plants that has been used for a long
history. In Ethiopia, herbal preparations containing Commelina latifolia
Hochst. ex C.B.Clarke has been used to treat malaria, wound, and in-
flammatory diseases (Abebe and Garedew, 2019). First, they crush the
dried leaf, boil it with water, and then filter it. It is the filtrate that is
ingested for the treatment and prevention of malaria. However, the
antimalarial activity of the plant has not been scientifically validated and
its phytochemical constituents are not yet identified. Thus, this study
aimed to identify the phytochemical components of Commelina latifolia
and evaluate its antiplasmodial efficacy in vivo against P. berghei-infected
mice.
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2. Materials and methods

2.1. Experimental plant

The leaves of C. latifolia were collected from Tepi district, Ethiopia,
which is approximately 611 km southwest of Addis Ababa. The National
Herbarium, College of Natural and Computational Sciences, Addis Ababa
University, confirmed and deposited voucher specimens (GT002).

2.2. Experimental animals and parasites

For the evaluation of the plant extracts, either sex, healthy Swiss al-
bino mice between the ages of 6 and 8 weeks and weighing 24–28 g were
employed. The study mice were obtained from the School of Pharmacy,
Mizan-Tepi University and acclimatized for a week before the study.
They were housed in an air-conditioned cage with a room temperature, a
12-hour light/dark cycle, and unlimited access to regular pellets and
water. The Ethiopian Public Health Institute provided chloroquine-
sensitive P. berghei (ANKA strain), which was maintained by serially
passing blood from infected mice to healthy mice once a week. The
handling and caring of the study mice were according to the rules for the
care and use of experimental animals (NIH Guidelines for Care and Use of
Laboratory Animals, 1996). The procedures were reviewed and approved
by the Research and Ethical Review Committee of the School of Phar-
macy, College of Medicine and Health Sciences, Mizan-Tepi University.

2.3. Extraction and fractionation

The leaves were thoroughly washed with distilled water, dried for 15
days under shade at room temperature with well-ventilated air condition,
and then crushed into a coarse powder using an electrical mill. About 500 g
of the powdered plant material was macerated in a mixture of methanol
with water (a proportion of 80:20) for 72 h with intermittent stirring and
shaking. Filter paper (Whatman number 1) was used to separate the filtrate
from the mark, and the residue (mark) was re-macerated twice with fresh
solvent. A rotary evaporator (BUCHI Rotavapor™ R-300, Switzerland) was
used to evaporate the organic solvent. The extract was further dried using a
freeze dryer. The 68.55 g dried extract (13.71% w/w) was transferred into
vials and kept at �20 �C until use. The dried hydroalcoholic extract (53.6
g) was then successively extracted with chloroform, absolute methanol,
and pure water using a Soxhlet apparatus. A rotary evaporator was used to
evaporate the solvents in the chloroform and methanol fractions, while a
lyophilizer was used to dry and concentrate the water fraction. The
calculated percent yields of the dried chloroform, methanol, and water
fractions were 10.4 g (19.40%), 18.4 g (34.33%), and 24.8 g (46.27%). The
fractions were stored at �20 �C until use.

2.4. Acute oral toxicity test

Evaluation of the acute oral toxicity of the crude extract and its sol-
vent fractions were performed according to the organization for eco-
nomic cooperation and development guideline 425 (OECD, 2010).
Twenty healthy non pregnant female mice were used to assess the
toxicity profile of both the hydromethanolic extract and solvent fractions.
Every mouse was fasted for 4 h before and 2 h after administration of the
test drugs. First, a 2000 mg/kg dose of the crude extracts was given by
oral gavage to a single mouse from each group. The mouse was observed
for 24 h for gross behavioral changes such as hair erection, convulsion,
poor appetite, lacrimation, tremor, salivation, diarrhea, and mortality
% Suppression¼% parasitemia in negative control�% parasitemia in treatm
% parasitemia in negative control
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after administering the test substance. Since either death or gross
behavioral changes was not seen in the first mouse, the same dose was
administered to another 4 mice. Each animal was given a single dose and
was observed continuously for 4 h with 30 min intervals and then for 14
consecutive days once daily for signs and symptoms of toxicity.
2.5. Phytochemical analysis

The composition of phytoconstituents in the hydromethanolic crude
extract and solvent fractions of C. latifolia leaves was investigated to link
the plant's antimalarial activity to secondary metabolites (Debella, 2002;
Njoku and Obi, 2009).
2.6. In vivo antiplasmodial activity study

2.6.1. Parasite inoculation
Under a microscope, the percentage parasitemia level of donor mice

was initially established. To do so, blood was collected from the tails of
donor mice that had previously been infected with P. berghei and smeared
on frosted microscope slides. The smear fixed with absolute methanol
was then stained with Giemsa stain and observed under a microscope.
When the donor mice parasitemia level was found to be 30%, the mice
were decapitated and their blood was collected onto Petri dishes con-
taining 0.5% trisodium citrate. The collected blood was then diluted with
0.9% normal saline to obtain 5�107 P berghei-infected red cells in 1 ml of
blood (Fidock et al., 2004). Lastly, each mouse intraperitoneally received
0.2 ml of diluted blood which contains 1 � 107 P. berghei infected
erythrocytes.

2.6.2. Four-day chemosuppressive model
This test was conducted for the antiplasmodial evaluation of test

drugs at early infection. For the assessment of the crude extract, thirty
inoculated mice were grouped by chance into five groups each having six
mice. Group-I, treated with 0.2 ml distilled water, served as negative
control, and group-II, treated with chloroquine 25 mg/kg/day, was a
positive control group. The remaining mice grouped as group-III, IV, and
V were treated with the hydromethanolic extract at a daily dose of 100,
200, and 400 mg/kg, respectively.

Similarly, thirty infected mice were randomly grouped for each
fraction into Three treatment and two control groups, each having six
mice. For the chloroform fraction, its first group received 0.2 ml of the
vehicle (2% Tween 80), while for methanol and aqueous fractions, its
first group received 0.2 ml of pure water. Each fraction's second group
was treated with chloroquine 25 mg/kg dose per day. Each fraction's
treatment groups received their respective fractions at test doses of 100,
200, and 400 mg/kg per day.

All the test drugs were given orally by oral gavage. Treatment was
initiated 2 h after infection on day 0 and continued daily until day 3. On
day 4, a blood smear was prepared as described in Section 2.6.1 and the
parasite number was determined under a microscope (Primo Star, Carl
Zeiss, Germany) using an oil immersion objective of x 100 magnification
power. The parasitemia was decided by counting 5 fields per slide (Pe-
ters, 1965; Hilou et al., 2006). Percent parasitemia and percent sup-
pression was computed by the formula:

% Parasitemia¼Number of parasitized red cell
Total number of red cell

� 100
ent group� 100



Table 1. Phytoconstituent analysis of the hydromethanolic extract and solvent
fractions of Commelina latifolia.

Secondary
metabolites

Crude extract Solvent fractions

80% methanol
extract

Chloroform
fraction

Methanol
fraction

Aqueous
fraction

Alkaloids þ þ þ þ
Anthraquinones � � � �
Cardiac glycosides þ þ þ �
Flavonoids þ þ � �
Phenolic compounds þ � þ �
Phlobatannins þ � þ �
Saponins þ þ � þ
Tannins þ þ þ þ
Terpenoids þ þ � �

þ ¼ present; � ¼ absent.
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2.6.3. Body weight and survival time measurement
The parameters body weight and mean survival days were used to

assess the in vivo antiplasmodial activity of all of the extracts. The study
mice's body weight was assessed on day 0 before infection and day 4
using a precise digital weighing balance. After inoculation, the death of
every mouse was monitored daily from day 1 to day 28. Average body
weight and average time to death were then determined for each group
using the formula below (Mesfin et al., 2012).

Mean body weight¼ Sum of body weight of all mice in each group
Total number of mice in that group

Mean survival time ðMSTÞ

¼ Sum of survival times of all mice in each group ðdaysÞ
Total number of mice in that group

2.6.4. Rectal temperature and packed cell volume measurement
The parameters rectal temperature and packed cell volume (PCV)

were also used to evaluate the antimalarial effects of the test extracts in
mice. To measure PCV, blood samples drained from the mice's tail were
filled in heparinized hematocrit capillary tubes to 75% of their height.
The capillary tubes were then closed at their dry end by sealing clay and
centrifuged at 11,000 rpm for 5 min in a hematocrit centrifuge. The
mice's rectal temperature was measured and recorded using a digital
rectal temperature gauge. The mean rectal temperature and PCV were
then computed using the following formulas (Fentahun et al., 2017).

Mean rectal temperature

¼ Sum of temperature of individual mouse in a group
Total number of mice in a group

PCV¼Volume of erythrocytes in a given volumr of blood
Total blood volume

� 100

2.6.5. Rane's test (established infection test)
Since the hydroalcoholic extract and chloroform fraction of

C. latifolia showed promising antiplasmodial activity in early infection
tests, their curative effects were further evaluated using a method
illustrated by Ryley and Peters (1970). In the evaluation of the test
substances (72 h after inoculation), thirty parasitized mice were
randomly distributed into five groups, each having six mice. The mice
were then treated as described in Section 2.6.2, and the treatment was
continued for additional 3 days. To monitor the mean percentage para-
sitemia levels, a thin blood film was prepared (as described in Section
2.6.1) from day 3 up to day 7 (daily for 5 days). The mice's body weight,
rectal temperature, and PCV were also measured on the 4th day before
and on the 8th day after treatment. Post-infection, the mice were fol-
lowed for one month to calculate the mean survival time (Nardos and
Makonnen, 2017).

2.6.6. Prophylactic test (repository test)
Since the curative potential of the hydromethanolic crude extract and

chloroform fraction of C. latifolia was appreciable, their prophylactic
effects were assessed using a procedure depicted by Peters (1965). Like
the above tests, 30 mice were arbitrarily divided into 5 groups each
having 6 mice for each extract. Each group was treated accordingly from
day 0 up to day 3. All the mice were infected on the 5th day (day 4).
Blood smears were made and the parasitemia levels were determined on
the 8th day (day 7). Both on the 5th day before infection and the 8th day
of the experiment, the body weight, temperature, and PCV of the mice
were recorded. The survival period of the mice was monitored for a
month (28 days) post-infection, and the mean survival time was
calculated.
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2.7. Data analysis

We fed the data into Microsoft Excel 2019 spreadsheet and then
transported to Statistical Package for Social Sciences (SPSS) version 26
for analysis. We used GraphPad Prism 8.0.2 for the construction of
graphs. Results were expressed as a mean with a standard error of the
mean (SEM). One-way analysis of variance (ANOVA) was used to
determine statistical significance, and Tukey's post hoc test was used to
evaluate mean differences across groups. Statistical significance was
defined as a P value of less than 0.05.

3. Results and discussion

3.1. Acute oral toxicity test

The acute oral toxicity study results of the present study revealed that
the hydroalcoholic crude extract and solvent fractions of C. latifolia were
safe by the oral route at a dose of 2,000 mg/kg/day as no mortality or
signs of toxicity were observed within the follow-up period. This in-
dicates the 50% lethal dose (LD50) value of C. latifolia is more than 2,000
mg/kg. Previous studies also reported that the crude extracts of various
Commelina species did not show any toxicity and fatality with greater
than 2,000 mg/kg/dose (Orni et al., 2018; Rahman et al., 2021).

3.2. Phytochemical screening

According to the preliminary phytochemical screening, all of the
secondary metabolites tested, except anthraquinones, were found in the
80% methanolic extract. Cardiovascular glycosides were found in chlo-
roform and pure methanol fractions, whereas alkaloids and tannins were
found in all fractions. Furthermore, saponins were found in the chloro-
form and aqueous fractions, whereas phlobatannins and phenolic com-
pounds were only found in the pure methanol fraction (Table 1).

3.3. Antimalarial activity of 80% methanolic extract

3.3.1. Four-day suppressive test
When evaluated against early infection with daily dosages of 100, 200

and 400 mg/kg/day, the hydroalcoholic crude extract of C. latifolia had a
dose-dependent chemosuppressive effect, resulting in parasitemia sup-
pression of 58.44%, 70.54%, and 86.31%, respectively (Figure 1a).
Various investigations on other medicinal plants have revealed a dose-
dependent antimalarial efficacy (Nureye et al., 2021; Tadege et al.,
2022). Even at the lowest dose examined, the chemosuppression gener-
ated by the hydroalcoholic extract of C. latifolia was statistically



Figure 1. % Parasitemia suppression of the hydroalcoholic crude extract in the early infection (A), Survival days of each mouse treated with the hydroalcoholic crude
extract at 100, 200, and 400 mg/kg doses, chloroquine 25 mg/kg (CQ), and distilled water in the early infection (B). % Parasitemia suppression of the hydroalcoholic
crude extract in established infection (C). Survival days of each mouse administered with hydroalcoholic crude extract in Rane's test at a dose of 100, 200, 400 mg/kg
and, chloroquine 25 mg/kg (CQ), and distilled water (D). % Parasitemia suppression of the hydroalcoholic crude extract in the repository test (E). Survival days of each
mouse administered with hydroalcoholic crude extract (100, 200, and 400 mg/kg doses), chloroquine (CQ), and distilled water (F). Values are interpreted as mean �
SEM; n ¼ 6.
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significant (P < 0.001). In comparison to the positive control group, all
extract doses showed a considerably lower (P < 0001) parasitemia sup-
pression. Furthermore, as compared to the negative control group, the
test extracts significantly (P < 0.001) increased mean survival days;
however, the values were significantly (P < 0.001) lower than the
standard drug (Figure 1b). They also prevented body weight loss, a drop
in rectal temperature, and a decrease in PCV caused by an increase in
parasitemia (Table 2). However, when compared to the conventional
(chloroquine) drug, they showed decreased parasitemia suppression ef-
fect (P < 0.001).

As the hydroalcoholic crude extract resulted in more than 50% para-
site clearance at 200 mg/kg, it can be considered as a potential schizo-
nticidal bullet in treating early malarial infection and has good
antimalarial efficacy (Deharo et al., 2001). Prominently, the 20 days of
MST achieved by 400 mg/kg dose of the crude extract is immense
4

evidence that the extract reduced the pathogenicity of the malaria para-
site. However, the extract did not eliminate the parasite, as it produced
MST in less than 28 days (Slack et al., 2012). This may be related to the
infection's recurrence. In terms of parasitemia suppression, the hydro-
methanolic extract outperformed the solvent fractions, which is consistent
with Hypoestes forskalei leaves extract (Misganaw et al., 2020) and Ajuga
integrifolia (Asnake et al., 2015). This could be due to the hydroalcoholic
extract containing more phytochemicals than the fractions (Table 1), as
well as synergistic activity. Furthermore, one secondary metabolite may
protect others from breakdown, and disrupting this mechanism may
reduce solvent fractions' suppressive effects (Traore et al., 2006). Despite
their traditional use, this is the first antiplasmodial activity report of
C. latifolia. This evidence is further supported by the studies that proved
antiplasmodial activity of other species of the same genus such as Com-
melina benghalensis (Nloga et al., 2014; Orni et al., 2018).



Table 2. Body weight, rectal temperature, and packed cell volume of P. berghei-infected mice treated with hydroalcoholic leaves extract of C. latifolia in the 4-day
suppressive test.

Group Weight Rectal Temperature Packed cell volume

D0 D4 % Change D0 D4 % Change D0 D4 % Change

DW 27.16 � 0.32 22.66 � 0.21 �16.55 � 0.57 37.10 � 0.99 31.34 � 0.10 �15.52 � 0.14 55.73 � 0.76 46.64 � 0.66 �16.31 � 0.41

CQ 25 26.54 � 0.57 26.65 � 0.60 .39 � 0.15 36.90 � 0.11 36.78 � 0.11 �.31 � 0.10 55.98 � 0.64 55.63 � 0.62 �.62 � 0.17

CLCE100 25.95 � 0.56 23.04 � 0.53 �11.21 �
0.75a3b3d2e3

37.04 � 0.06 32.32 � 0.14 �12.74 �
0.30a3b3d2e3

55.0 � 600 48.36 � 0.44 �12.16 � 0.39a3b3d2e3

CLCE200 25.24 � 0.74 23.42 � 0.66 �7.1998 �
0.35a3b3e3

36.8 � 0.07 33.62 � 0.07 �8.64 �
0.09a3b3e3

55.44 � 0.49 50.7 � 0.34 �8.53 � 0.39a3b3e3

CLCE400 26.10 � 0.67 25.16 � 0.71 �3.62 � 0.53a3b3 37.00 � 0.10 35.38 � 0.11 �4.39 � 0.10a3b3 53.73 � 0.72 51.10 � 0.78 �4.91 � 0.34a3b3

Data are expressed as mean � SEM; n ¼ 5; compared to a, negative control; b, CQ25 mg/kg; c, 100 mg/kg; d, 200 mg/kg; e, 400 mg/kg; 1, P < 0.05; 2, P < 0.01; 3, P <

0.001; DW, distilled water; CQ, chloroquine; CLCE, crude extract of the Commelina latifolia; D0, pre-treatment value on day 0; D4, post-treatment value on day 4.
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3.3.2. Rane's test
All test doses utilized during treatment resulted in considerable par-

asitemia suppression (activities against established infection) (58.42%,
67.19%, and 81.97% reduction at a dose of 100, 200, and 400 mg/kg,
respectively), demonstrating the hydroalcoholic crude extract of
C. latifolia's curative potential. The percentage suppression analysis
revealed that the hydroalcoholic crude extract treated groups (all three
dosages) had a substantial parasitemia suppressive effect (P < 0.001)
when compared to the negative control group, but were less effective (P
< 0.001) when compared to the positive control group. Furthermore, a
substantially distinct effect (P < 0.00 1) for all treatment groups) was
observed in comparison to each other, demonstrating that the crude
extract has a dose-dependent effect (Figure 1c). When compared to the
vehicle-treated group, the results of mean survival time demonstrated
that all three test doses considerably prolonged survival time in a dose-
dependent way. The conventional medicine, on the other hand, was
more efficacious (P < 0.001) than all of the test substance doses
(Figure 1d). The hydroalcoholic crude extract of C. latifolia prevented
body weight loss, rectal temperature reduction, and PCV reduction at all
doses (Table 3).

The antiplasmodial activity of the C. latifolia in the curative test could
be due to the antioxidant nature of the plant that neutralizes the oxida-
tive damage provoked by the malaria parasite since the antioxidant
property of various species of the genus Commelina have been reported in
the literature (Orni et al., 2018; Rahman et al., 2021). The plant's cura-
tive potential (Figure 1c) was lower than its suppressive potential
(Figure 1a), which is consistent with Maytenus gracilipes methanolic
leaves extract (Nureye et al., 2021), Croton macrostachyus (Bantie et al.,
2014), and Piper betle (Al-Adhroey et al., 2011). This could be attributed
to the constituent(s) short duration of action in inhibiting and destroying
exponentially developing parasites in an established infection (Basir
et al., 2012).
Table 3. Body weight, rectal temperature, and packed cell volume of P. berghei-infecte

Group Bodyweight Rectal temperature

D3 D7 %change D3 D7

DW 26.29 � 0.50 22.56 � 0.50 �14.20 � 0.64 36.88 � 0.15 32.10 �
CQ 25.88 � 0.25 26.26 � 0.24 1.47 � 0.15a3 36.83 � 0.12 36.66 �
CL100 26.81 � 0.17 24.47 � 0.20 �8.73 � 0.49a3b3e3 36.74 � 0.12 33.12 �

CL200 25.60 � 0.50 23.94 � 0.46 �6.47 � 0.66a3b3e1 36.42 � 0.14 33.80 �

CL400 24.98 � 0.45 24.10 � 0.55 �3.55 � 0.77a3b3 36.68 � 0.22 35.24 �

Data are expressed as mean� SEM; n¼ 6; a, compared to negative control; b, to CQ25m
P < 0.001; DW, distilled water; CQ, chloroquine; CL, crude extract of Commelina latif
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3.3.3. Prophylactic test
Despite having a lower overall chemo-suppressive impact than chlo-

roquine, all crude extract doses had a dose-dependent significant (P <

0.001) parasitemia suppression effect in the prophylactic test (69.05%,
59.83%, and 49.43% suppression at a dose of 100, 200, and 400 mg/kg,
respectively) compared to the negative control (Figure 1e). Although the
crude extract significantly reduced parasitemia, it had a less effect than
the 4-day suppressive and Rane's tests. This finding is in line with studies
performed on other plants (Oluwakanyinsola et al., 2010; Onwusonye
and Uwakwe, 2014). Such activity might occur due to the rapid meta-
bolism or elimination of the test drug as it was given earlier to the onset
of infection (Lim et al., 2009). It could also be secondary to the in vivo
method which does not include the insect vector, the mode of inocula-
tion, and the amount (doses) given that result in quick RBCs infection
without the Plasmodium going via the hepatic stages (Adzu et al., 2007).
Another possible justification is that the test substances' might exert their
effect by metabolic activation of the immune system, and thus the
parasite will not be removed entirely (Waako et al., 2005). This could be
ascribed to the immunomodulatory effects of the steroids, flavonoids,
and saponins (Aherne et al., 2007; Saxena et al., 2013) detected in
C. latifolia.

Survival times have changed as a result of the influence, which has
been significant. Compared to the negative controls, all treatment groups
increased survival time significantly, with the standard drug having the
greatest effect (P< 0.001) than the extract-treated groups. The treatment
groups exerted their effect in a dose-dependent manner; the observed
effect at a dose of 400 mg/kg was more than 200 mg/kg and 100 mg/kg
doses (Figure 1f). In comparison to the negative control, the three doses
showed protection against body weight loss, a drop in rectal temperature,
and PCV. In terms of preventing body weight loss, rectal temperature and
PCV reduction, the activity of the positive control (CQ 25) was superior
to that of the extract (Table 4).
d mice treated with hydroalcoholic leaves extract of C. latifolia in the Rane's test.

Packed cell volume

%change D3 D7 %change

0.24 �12.96 � 0.45 55.55 � 0.52 48.40 � 0.68 �12.88 � 0.56

0.09 �0.47 � 0.12a3 54.73 � 0.67 54.37 � 0.61 �0.66 � 0.29a3

0.15 �9.8524 �
0.31a3b3d3e3

54.60 � 0.64 49.20 � 0.49 �9.88 � 0.23a3b3d3e3

0.16 �7.19 �
0.15a3b3e3

55.56 � 0.91 51.70 � 0.98 �6.96 � 0.45a3b3

0.27 �3.93 � 0.29a3b3 55.32 � 0.89 52.40 � 0.77 �5.30 � 0.48a3b3

g/kg; c, to 25mg/kg; d, to 50mg/kg; e, to 100 mg/kg; 1, P< 0.05; 2, P< 0.01; 3,
olia; D3, pre-treatment value on day 3; D7, post-treatment value on day 7.



Table 4. Body weight, rectal temperature, and packed cell volume of P. berghei-infected mice treated with hydroalcoholic leaves extract of C. latifolia in the prophylactic
test.

GRP Bodyweight Rectal temperature Packed cell volume

D0 D4 % Change D0 D4 % Change D0 D4 % Change

DW 25.74 � 0.49 22.40 � 0.66 �13.00 �
1.53

36.80 � 0.25 31.58 � 0.18 �14.18 � 0.28 57.11 � 1.22 49.14 � 1.64 �14.05 � 1.07

CQ 26.02 � 0.61 26.50 � 0.53 1.88 �
0.43a3

36.84 � 0.12 36.68 � 0.11 �0.4389 � 0.13a3 58.74 � 0.21 58.23 � 0.14 �0.8698 � 0.15a3

CL100 25.75 � 0.49 23.11 � 0.52 �10.24 �
1.02a3b3e3

36.98 � 0.06 32.48 � 0.22 �12.17 � 0.52a3b3e3d3 56.70 � 0.81 49.98 � 0.89 �11.87 � 0.44a1b3e3

CL200 25.80 � 0.57 23.80 � 0.54 �7.75 �
0.67a3b3e3

36.69 � 0.25 33.76 � 0.37 �7.99 � 0.98a3b3e3 57.56 � 0.63 52.82 � 0.58 �8.23 � 0.32a3b3e2

CL400 26.04 � 0.54 24.90 � 0.45 �4.35 �
0.47a3b3

36.82 � 0.24 35.04 � 0.16 �4.83 � 0.37a3b3 58.79 � 0.35 55.64 � 0.69 �5.36 � 1.12a3b3

Data are expressed as mean � SEM; n ¼ 6; a, compared to negative control; b, to CQ25 mg/kg; c, to 100 mg/kg; d, to 200 mg/kg; e, to 400 mg/kg; 1, P < 0.05; 2, P <

0.01; 3, P < 0.001; DW, distilled water; CQ, chloroquine; CL, crude extract of Commelina latifolia; D0, pre-treatment value on day 0; D4, post-treatment value on day 4.

Figure 2. % Parasitemia suppression of the solvent fraction in the 4-day suppressive test (A); survival days of each mouse during the evaluation of chloroform fraction
in the early infection (B); % Parasitemia suppression of chloroform fraction in the established infection on day 3 to day 7 post-infection (C); survival days of each
mouse during the evaluation of chloroform fraction in the Rane's test (D); % Parasitemia suppression of chloroform fraction in the prophylactic test (E); and survival
days of each mouse during the evaluation of chloroform fraction in the prophylactic test (F); values are interpreted as mean � SEM; n ¼ 6.
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3.4. Antimalarial activity of solvent fractions

3.4.1. Four-day suppressive test
In a four-day suppressive test, the chloroform fraction demonstrated

the most antimalarial activity, with a maximum chemo-suppression of
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76.56% at a dose of 400 mg/kg, followed by the pure methanol (58.72%)
and aqueous (52.86%) (Figure 2a). The higher activity in the chloroform
fraction could be attributed to the presence of more phytochemicals in
this test substances than in the other fractions (Table 1), or because the
study plant's non-polar compounds are more active than its polar ones.



Table 5. Body weight, rectal temperature, and packed cell volume of infected animals treated with solvent fractions C. latifolia in four-day suppressive test.

Group Weight Rectal temperature Packed cell volume

D0 D4 %Change D0 D4 %Change D0 D4 %Change

DW 26.29 � 0.19 21.84 � 0.32 �16.90 � 0.47 36.98 � 0.05 32.10 � 0.19 �13.19 � 0.59 55.08 � 0.41 46.70 � 0.66 �15.24 � 0.68

CQ 25.83 � 0.51 25.95 � 0.52 0.47 � 0.11a3 36.68 � 0.12 36.57 � 0.13 �.31 � 0.04a3 54.67 � 0.58 54.51 � 0.57 �.29 � 0.13

AF100 25.43 � 0.42 23.12 � 0.32 �9.07 � 0.28a3b3e3 36.88 � 0.06 33.44 � 0.13 �9.33 � 0.28a3b3d3e3 54.94 � 0.61 48.92 � 0.52 �10.95 �
0.55a3b3d3e3

AF200 25.00 � 0.67 23.40 � 0.58 �6.38 � 0.19a3b3 36.88 � 0.12 34.90 � 0.16 �5.37 � 0.23a3b3e2 54.96 � 0.84 50.70 � 0.83 �7.76 � 0.25a3b3e3

AF400 25.14 � 0.88 24.26 � 0.96 �3.55 � 0.56a3B2 37.02 � 0.11 35.88 � 0.08 �3.08 � 0.32a3b3 54.60 � 0.53 52.50 � 0.63 �3.85 � 0.46a3b3

TW80 26.07 � 0.45 22.20 � 0.37 �14.83 � 0.48 36.98 � 0.05 33.18 � 0.86 �10.28 � 0.96 55.29 � 0.66 48.40 � 0.68 �12.45 � 0.69

CQ 25.91 � 0.41 26.16 � 0.39 0.97 � 0.22a3 36.80 � 0.11 36.60 � 0.24 �.53 � 0.18a3 55.27 � 0.29 55.01 � 0.31 �.47 � 0.18a3

MF100 25.07 � 0.43 22.26 � 0.51 �11.24 �
0.66a3b3d2e3

36.96 � 0.67 33.56 � 0.17 �9.19 � 0.48a2b3 56.44 � 0.56 51.40 � 0.96 �8.96 � 0.89a1b3e2

MF200 26.14 � 0.77 24.04 � 0.62 �7.98 � 0.65a3b3be3 36.80 � 0.14 34.80 � 0.20 �5.43 � 0.41a1b1 56.78 � 0.58 53.20 � 0.66 �6.31 � 0.28a1b1e1

MF400 25.52 � 0.88 24.64 � 0.94 �3.49 � 0.48a3b3 36.92 � 0.71 35.74 � 0.26 �3.19 � 0.65a2 54.90 � 0.62 53.20 � 0.60 �3.08 � 0.86a2

TW80 26.08 � 0.65 22.64 � 0.54 �13.17 � 0.51 36.96 � 0.13 32.54 � 0.29 �11.96 � 0.63 55.13 � 0.50 47.40 � 0.51 �14.00 � 0.81

CQ 25.76 � 0.52 26.15 � 0.57 1.49 � 0.39a3 36.77 � 0.49 36.53 � 0.73 �0.65 � 0.19a3 56.01 � 0.74 55.56 � 0.31 �0.80 � 0.33a3

CF100 26.11 � 0.47 23.55 � 0.28 �9.75 �
0.95a1b3d1e3

36.66 � 0.22 33.14 � 0.22 �9.59 � 0.69a1b3d1e3 55.64 � 0.48 49.52 � 0.50 �11.00 �
0.19a1b3d2e3

CF200 25.80 � 0.49 23.88 � 0.54 �7.46 � 0.32a3b3fe2 36.84 � 0.12 34.20 � 0.19 �7.17 � 0.30a3b3e2 55.76 � 0.59 51.49 � 0.84 �7.67 � 0.66a3b3

CF400 24.28 � 0.47 23.28 � 0.46 �4.12 � 0.37a3b3 36.98 � 0.08 35.54 � 0.23 �3.89 � 0.41a3b3 54.54 � 0.77 51.68 � 0.98 �5.27 � 0.63a3b3

Data are expressed as mean � SEM; n ¼ 5; compared to a, negative control; b, CQ25 mg/kg; c, 100 mg/kg; d, 200 mg/kg; e, 400 mg/kg; 1, P < 0.05; 2, P < 0.01; 3, P <

0.001; TW80, 2% Tween80; CQ, chloroquine; AF, aqueous fraction; MF, methanol fraction; CF chloroform fraction; D0, pre-treatment value on day 0; D4, post-treatment
value on day 4.
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This result agrees with the research on the solvent fractions of
M. gracilipes and Vernonia amygdalina (Nureye et al., 2021; Bihonegn
et al., 2016).

The chloroform fraction outlasted the other solvent fractions in terms
of average survival time (Figure 2b). It had fewer chemo-suppressive and
mean survival effects than the hydroalcoholic crude extract. Infection-
induced reductions in body weight, rectal temperature, and PCV were
considerably (P < 0.001) inhibited by this fraction. Chloroquine, the
positive control, produced a curative chemo-suppression and a signifi-
cant stabilization of body weight, rectal temperature, and PCV (Table 5).
The fraction's activity on the overall pathology of the disease and its
strong parasite clearance is indicated by the better extension of survival
days and avoidance of body weight loss and rectal temperature drop. The
chloroform fraction is thought to have good antimalarial activity, with a
suppression rate of more than 50% at a dose of 200 mg/kg (Deharo et al.,
2001).

3.4.2. Rane's test
The effect of the most active fraction (chloroform fraction) in the

four-day suppression test on established parasite infection was investi-
gated further. In the Rane's test, the chloroform fraction showed a dose-
dependent decrease (P 0.001) of parasitemia compared to the vehicle-
treated group (Figure 2C). The chloroform fraction achieved its
maximum inhibition (72.05%) at a dose of 400 mg/kg. The standard
treatment, on the other hand, eradicated the parasite to undetectable
Table 6. Body weight, rectal temperature, and packed cell volume of infected anima

Group Bodyweight Rectal temperature

D3 D7 %Change D3 D7

TW80 24.58 � 0.46 20.82 � 0.36 �15.27 � 0.82 36.50 � 0.25 31.76 �
CQ 25.76 � 0.57 26.11 � 0.61 1.33 � 0.26a3 36.62 � 0.20 36.28 �
CF100 26.13 � 0.47 23.68 � 0.41 �9.37 � 0.35a3b3e3 36.70 � 0.24 33.08 �
CF200 26.20 � 0.58 24.30 � 0.59 �7.27 � 0.52a3b3e3 36.82 � 0.19 33.98 �
CF400 25.37 � 0.77 24.60 � 0.75 �3.02 � 0.32a3b3 36.70 � 0.13 35.40 �

Data are expressed as mean� SEM; n¼ 6; a, compared to negative control; b, to CQ25m
P < 0.001; TW80, 2% Tween80; CQ, chloroquine; CF, chloroform fraction; D3, pre-tr
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levels on day 7, and the reduction in parasitemia was much larger (P
0.001) than the negative control and all fraction doses. The extract
considerably extended survival days at all doses tested, according to the
mean survival time (Figure 2D). Nonetheless, the conventional medicine
chloroquine was found to have a much higher curative effectiveness (P
0.001) than the portion. With Rane's model, chloroform fraction sup-
pressed body weight loss, rectal temperature, and PCV drop at all dose
levels examined. The positive control, on the other hand, exhibited
higher activity (Table 6).

3.4.3. Prophylactic test
In Peter's repository test, the chloroform fraction had a significant

effect (P < 0.001) in parasitemia suppression (47.26%53.46%, and
63.88% % suppression at a dose of 100, 200, and 400 mg/kg, respec-
tively) when compared to the placebo agent (Figure 2e). Although less
effective than the usual medicine chloroquine, the fraction increased
survival time (Figure 2f). The fraction significantly attenuated body
weight loss, rectal temperature drop, and PCV reduction. Furthermore,
when compared to all extract-treated groups, the chloroquine-treated
group had a substantial effect (Table 7). In comparison to the negative
control group, substantial effects were detected at 400 mg/kg (P <

0.001) and 200 mg/kg (P < 0.001) test doses in relation to body weight.
Compared to the negative control group, all three dosages of chloroform
fraction significantly reduced rectal temperature and PCV due to parasite
infection (P < 0.001). Similarly, the standard medication had a stronger
ls treated with chloroform fraction of C. latifolia in the Rene's test.

Packed cell volume

%Change D3 D7 %CHANGE

0.11 �12.98 � 0.31 56.25 � 0.81 48.78 � 0.90 �13.29 � 0.51

0.26 �.93 � 0.26a3 55.36 � 0.89 54.60 � 0.92 �1.37 � 0.49a3

0.18 �9.85 � 0.49a3b3d2e3 54.58 � 0.81 49.20 � 0.73 �9.84 � 0.83a2b3d1e3

0.27 �7.72 � 0.36a3b3e3 53.72 � 1.14 49.92 � 1.13 �7.08 � 0.49a3b3e2

0.16 �3.54 � 0.29a3b3 57.48 � 0.37 55.22 � 0.41 �3.93 � 0.57a3b1

g/kg; c, to 25mg/kg; d, to 50mg/kg; e, to 100 mg/kg; 1, P< 0.05; 2, P< 0.01; 3,
eatment value on day 3; D7, post-treatment value on day 7.



Table 7. Bodyweight, rectal temperature, and packed cell volume of infected animals treated with chloroform fraction of C. latifolia in the prophylactic test.

Group Bodyweight Rectal temperature Packed cell volume

D0 D4 %Change D0 D4 %Change D0 D4 %Change

TW80 27.46 � 0.29 23.28 � 0.36 �15.24 � 0.59 36.44 � 0.27 31.38 � 0.17 �13.87 � 0.52 57.11 � 0.79 49.84 � 1.16 �12.77 � 0.91

CQ 26.42 � 0.49 26.70 � 0.49 1.06 � 0.14a3 36.78 � 0.23 36.54 � 0.23a3 �0.65 � 0.23a3 57.69 � 0.43 56.96 � 0.45 �1.26 � 0.30a3

CF100 26.80 � 0.51 24.00 � 0.45 �10.43 �
0.89a3b3d1e3

36.33 � 0.23 32.08 � 0.33 �11.69 � 0.82b3d2e3 56.49 � 0.58 50.12 � 0.50 �11.27 � 0.4b3d1e3

CF200 25.66 � 0.50 24.00 � 0.32 �6.41 � 1.03a3b3 36.56 � 0.12 33.66 � 0.39 �7.93 � 1.08a3b3 56.10 � 0.69 51.40 � 0.48 �8.36 � 0.34a3b3e1

CF400 26.86 � 0.59 25.54 � 0.66 �4.94 � 0.44a3b3 36.48 � 0.45 34.50 � 0.39 �5.42 � 0.28a3b3 57.03 � 0.78 53.82 � 0.66 �5.59 � 0.94a3b2

Data are expressed as mean� SEM; n¼ 6; a, compared to negative control; b, to CQ25mg/kg; c, to 25mg/kg; d, to 50mg/kg; e, to 100mg/kg; 1, p< 0.05; 2, p< 0.01; 3,
p < 0.001; TW80, 2% Tween80; CQ, chloroquine; CF, chloroform fraction; D0, pre-treatment value on day 0; D4, post-treatment value on day 4.
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(P < 0.001) effect on preventing rectal temperature and PCV drop than
the fraction-treated groups (Table 7).

Generally, the cardinal sign and symptom of mice infected with ma-
laria is a fall in blood glucose level, as well as a decrease in body weight,
rectal temperature, and PCV (Langhorne et al., 2002). The plant mate-
rials with antiplasmodial action are expected to attenuate the drop in
body mass, body temperature, and hematocrit caused by the Plasmodium
species due to an increase in parasite density. In the current study, the
protection of body weight loss by all doses of crude extract and chloro-
form fraction of C. latifolia in all models, and absolute methanol and
aqueous fractions in the 4-day suppressive test were statistically plausible
as compared to the respective placebo treatment. This effect might be
more attributed to the study plant's nutritional value than other factors
(Maroyi, 2020). A study done on different plant species of the same genus
(Commelina diffusa) displayed the presence of carbohydrates, vitamin C,
vitamin B3, vitamin B2, Na, Ca, and Mg in this genus (Rahman et al.,
2021). Thus, vitamins and minerals that might be present in C. latifolia
leaves could contribute to body weight increment in extract-treated mice
by improving appetite (food intake capacity). The result might have also
been attributed to the improvement in PCV, body temperature, and
parasite clearance in extract-treated animals as revealed in the result
tables.

In the present study, the prevention of decline in body temperature of
infected mice by all doses of hydroalcoholic extract and chloroform
fraction of C. latifolia in all models, and pure methanol and water frac-
tions in the 4-day suppressive model were statistically significant as
compared to the respective placebo-treated groups. This bioactivity
perhaps designates the plant's capacity to improve some pathology
caused by malaria that brings a fall in rectal temperature (Mengiste et al.,
2012). Once again, the analgesic and anti-inflammatory activities
(involved in the regulation of body temperature) demonstrated by other
species of Commelina (C. benghalensis and C. diffusa) could also be
exhibited by the leaf extract of C. latifolia (Hossain et al., 2014; Rahman
et al., 2021).

Similarly, all test substances significantly prohibited PCV reduction as
compared to the respective negative control agents in all tests. This
outcome might result from the noteworthy parasite containment brought
by the active component(s) present in the extract because the mount in
blood parameters is generally related to the decline in parasitemia load
(Mequanint, 2014). On the other hand, the detected antioxidant me-
tabolites (flavonoids, saponins, phenols, and tannins) and other unde-
tected metabolites of the plant could also be in charge of the prevention
of anemia because these phytodrugs might have the ability to stabilize
the erythrocyte membrane by stopping membrane phospholipid oxida-
tion through counteracting the hemolytic effect of saponins (Mpiana
et al., 2010; Yang et al., 2005).

Commelina species are known for their anti-inflammatory activities
(Hossain et al., 2014; Rahman et al., 2021), which might significantly
contribute to the antiplasmodial activity of the study plant. Even if the
active compounds have yet to be isolated, the antimalarial action of
C. latifolia could be ascribed to one or more of its phytoconstituents. As
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suggested in various investigations, the antiparasitic effect of the study
plant against Plasmodium berghei might have been exerted by its sec-
ondary metabolites (terpenoids, tannins, steroids, saponins, flavonoids,
and alkaloids) (Arise et al., 2012; Soh et al., 2012). In the process of
eliciting antiplasmodial property, saponins and flavonoids may disrupt
the biological membranes of the parasite and interrupt the integrity of
cellular components. Terpenoids and flavonoids may inhibit the process
of protein synthesis made by the Plasmodium while alkaloids and terpe-
noids may induce a cytotoxic effect through intercalating with the
parasite DNA and stop cell division. The phytometabolites like steroids
may suppress the growth andmultiplication of test parasites by hindering
the entry of essential nutrients into the cell (Fenta and Kahaliw, 2019;
Misganaw et al., 2020; Alafid et al., 2019).

4. Conclusion and recommendation

The results of the present study confirmed that C. latifolia is with
relative lack of toxicity and good antimalarial activity. The solvent
fractions also resulted in antimalarial activity with various degrees of
chemosuppression with the chloroform fraction being relatively more
effective. Our results confirm the traditional claim of the plant in
treating malaria by traditional users in Ethiopia. In the future, sub-acute
and chronic toxicity tests should be conducted to check its long-term
safety profile. It is also essential to identify and isolate active constitu-
ents that explain the possessed antimalarial activity in the leaves of
C. latifolia.
4.1. Limitation of the study

Due to financial limitations, isolation and characterization of major
components of the most active fractionate responsible for the anti-
plasmodial activity of the plant was not carried out, which could be used
as a lead compound/s in the discovery and development of effective
drugs for the treatment of malaria.
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