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Abstract 

Background  Malaria is an infectious disease, which has continued to cause inconceivable loss of lives every year, 
almost unabatedly. Currently, it has become more difficult to treat the disease due to the emergence and spread 
of resistance to recommended antimalarial drugs. This situation necessitates an urgent search for antimalarial com-
pounds with unique modes of action. Here, we investigate the antimalarial activity, antioxidant and anti-inflammatory 
capacity of Enantia chlorantha aqueous stem bark extract (EcASBE) in vivo.

Methods  The extract was screened for selected phytoconstituents including alkaloids and flavonoids. We evaluated 
the antimalarial activity of EcASBE against Plasmodium berghei NK65 infection in mice, using curative, prophylactic, 
and suppressive antimalarial test models, respectively. In addition, the antioxidant and anti-inflammatory activities 
of the extract were assessed.

Results  The EcASBE significantly (p < 0.05) inhibited parasitaemia dose-dependently, with the highest inhibition 
(80.4%) and prolonged survival (MST = 20) observed in the curative test. Our findings reveal significant (p < 0.05) 
improvement of serum ALT, AST, ALP, GGT, and levels of TNF-α, creatinine and urea following extract administration. 
Furthermore, the extract led to a significant (p < 0.05) rise in the levels of CAT, SOD, GPx, and GSH, with a concomitant 
reduction in NO and MDA levels.

Conclusion  The antimalarial, antioxidative, antiperoxidative, and inflammatory-inhibiting properties of the plant 
in infected mice demonstrate its great value for therapeutic intervention, and substantiate its use in traditional medi-
cine for malaria treatment. Hence, further investigation to identify the repertoire of the active antimalarial compo-
nents is warranted.
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Background
Malaria continues to take an overwhelming toll on 
human health and economic development globally, caus-
ing unimaginable loss of lives annually. Currently, it 
threatens about 40% of the world population, with the 
World Health Organization (WHO) African region being 
the most affected [1, 2]. Over the past twenty years, pro-
gress towards malaria control and eradication through 
a coordinated effort of national and international agen-
cies, as well as private organisations has resulted in a 40% 
decrease in the incidence of malaria worldwide [3]. How-
ever, these improvements have plateaued in recent years, 
with malaria still killing more than 600000 people yearly, 
and children under the age of five make up more than 
three-quarters of these fatalities [2]. Most of these deaths 
are attributed to Plasmodium falciparum, the most viru-
lent of the human malaria parasites, partly because of its 
potential to cause cerebral malaria, a fatal neurological 
complication of the disease [4–7]. Furthermore, malaria 
parasites induce certain biochemical changes and oxida-
tive stress in the host [8–10]. These alterations are usually 
implicative of disease progression or severity.

Antimalarial chemotherapy can be used for malaria 
treatment and prevent malaria transmission. The most 
effective antimalarial drugs remain artemisinin (ART)-
based combination therapies (ACTs), have rapid para-
sitaemia clearance and resolution of malaria symptoms, 
with high parasite transmission-blocking potential [2]. 
However, due to the emergence and spread of resistant 
Plasmodium species, most antimalarial drugs, including 
artemisinin monotherapy and ACTs, are losing their effi-
cacy [11–15]. The mutability of the parasite’s genome to 
evade antimalarial drugs and the human immune system 
[16, 17], results in low parasite clearance and treatment 
failure [18], and greatly complicates malaria control and 
eradication goals [19]. To overcome this challenge, along 
with drug-counterfeiting, and apparent limitations of 
malaria vaccines [20, 21], novel antimalarial therapeu-
tics that can act on unexplored parasite targets must be 
continuously explored, either to complement or serve 
as alternatives to existing ones. These efforts are criti-
cal to achieving the WHO Global Technical Strategy for 
Malaria goal of reducing the malaria burden globally by 
90% in 2030 [22]. The large deposits of bioactive com-
pounds in medicinal plants [23–30], make them impor-
tant sources for the identification of effective antimalarial 
therapeutic leads.

Enantia chlorantha Oliv. is an ornamental tree belong-
ing to the Annonaceae family with a wide distribution 
in Nigeria and other Central and West African nations. 
Enantia chlorantha, also known as African yellow wood, 
is called “Dokita Igbo” in Yoruba, and “Erenba-vbogo” 
among the Binis in Nigeria [27, 31], and “Epoue” in Baka 

in Cameroun [32]. It is widely used to treat and manage 
malaria in traditional settings in Nigeria [27], Cameroun 
[33], as well as hepatitis, jaundice, tuberculosis, and uri-
nary tract infections [33, 34]. Oral administration of E. 
chlorantha stem bark decocted in water is used for the 
treatment of malaria symptoms including chills, fever, 
and joint pains [27, 35]. The analgesic and antipyretic 
[36], anticonvulsant and anti-inflammatory [37], anti-
microbial [38, 39] and antimalarial activities [40] of the 
plant have been reported. In addition, Abubakar et  al. 
[41] reported the antimalarial activity of the respective 
crude, alkaloid and flavonoid extracts of the plant. Fur-
thermore, Boyom et  al. [42] demonstrated the antiplas-
modial activity of ethanolic extract and solvent fractions 
of the plant against the P. falciparum W2 strain.

To our knowledge, the antimalarial efficacy of E. chlor-
antha, one of the most used plants for malaria treatment 
by traditional medicine practitioners in Kwara State, 
Nigeria [27], has not been sufficiently evaluated scientifi-
cally. This underscores a knowledge gap due to scarcity 
of evidence-based data. Consequently, this study demon-
strates the antimalarial activity of E. chlorantha aqueous 
stem bark extract (EcASBE) in P. berghei-infected mice. In 
addition, we evaluated the effect of the extract on several 
haematological and biochemical indices in infected ani-
mals. We show evidence that EcASBE possesses potent 
antimalarial and anti-inflammatory activities, mitigates 
oxidative imbalance and biochemical alterations in vivo. 
Our data suggest that this effect is a consequence of the 
plant suppressing both the activity of P. berghei and the 
excessive host inflammatory response through the syn-
ergistic activities of the phytochemicals, especially alka-
loids and flavonoids, present in the plant. Taken together, 
our results contribute critical insights into identifying 
new antimalarial therapy.

Methods
Collection and authentication of plant
Fresh stem bark of E. chlorantha was collected from a 
forest in Calabar, Cross-River State, Nigeria, with per-
mission. It was identified and authenticated by Prof. E.I. 
Aigbokhan, a botanic expert in the Department of Plant 
Biology and Biotechnology, University of Benin, Benin 
City, Nigeria. Dr. H.A. Akinnibosun prepared and depos-
ited the voucher specimen (UBH-E485) at the University 
of Benin Herbarium for future reference. Additionally, 
the “Plant List database” [43] was used to validate the 
identification and scientific name of the plant.

Plant extraction procedure
Fresh E. chlorantha stem bark was thoroughly rinsed 
under running water to remove all debris from the sur-
face and air-dried for four weeks in a well-ventilated area 
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under shade at ambient temperature (about 25℃). The 
dried plant materials were pulverised using an industrial 
machine (Armfield Ltd., Hampshire, England) and sieved 
to obtain a fine plant powder. A kilogram (1  kg) of fine 
powdered plant material was macerated in distilled water 
at room temperature (25℃) for 2 days. The filtrate from 
the mixture was lyophilised using a freeze-dryer (LTE 
Scientific Ltd., Oldham, UK), and stored in screw-capped 
glass vials at 4℃ until further use.

Experimental animals
One hundred and twenty-six (126) male Swiss albino 
mice of 8 to 12 weeks old weighing between 20 and 24 g 
were used for the study. The animals were sourced from 
the Institute for Advanced Medical Research and Train-
ing (IAMRAT), University of Ibadan, Ibadan, Nigeria. 
They were kept in standard plastic cages under standard 
laboratory conditions (25 ± 5℃, 12-h light/dark cycle) 
in the Animal Holding Unit at IAMRAT. The mice were 
treated humanely and provided with standard pelletised 
mouse feed and water ad libitum.

Phytochemical screening of E. chlorantha aqueous stem 
extract (EcASBE)
The preliminary qualitative phytochemical screening was 
performed to identify the phytoconstituents in EcASBE 
following standard protocols [44, 45]. The extract was 
screened for alkaloids, flavonoids, glycosides, coumarin, 
tannins, phenols, triterpenes, saponins, and terpenoids. 
The phytochemicals present in the extract were further 
quantified following previously reported protocols [44, 
46], but with slight modification. Positive results for these 
tests were indicated by a change in colour or the forma-
tion of precipitates. The procedures are explained below.

Qualitative phytochemical screening
Alkaloids: In each test tube, 2 mL of 5% HCl was added 
to 1  mL of EcASBE filtrate in a test tube and heated in 
a water bath. After mixing thoroughly and filtering, ali-
quots were taken. Drops of Wagner (solution of iodine 
in potassium iodide), and Mayer (potassium mercuric 
iodide solution) reagents were added to each. The forma-
tion of brownish red (Wagner), and cream colour pre-
cipitates (Mayer), respectively, indicate the presence of 
alkaloids.

Flavonoids: 1  mL of NaOH was added to 3  mL of 
EcASBE filtrate in isopropyl alcohol. The formation of a 
yellow colouration indicates the presence of flavonoids.

Cardiac glycosides: 2 mL of 50% H2SO4 was added to 
1  mL of the EcASBE filtrate, the mixture was heated in 
boiling water for 15 min. 10 mL of Fehling’s solution was 

added and the mixture boiled. The formation of a brick 
red precipitate indicates the presence of glycosides.

Tannins: 1  mL of 10% KOH was added to 1  mL of 
EcASBE filtrate in a test tube. The formation of a white 
precipitate indicates the presence of tannins.

Phenolics: Two drops of 5% FeCl3 was added to 1 mL 
EcASBE filtrate in a test tube. The presence of a greenish 
precipitate indicates the presence of phenolics.

Triterpenes: Five drops of acetic anhydride 
[(CH3CO)2O] was added to 1  mL of EcASBE filtrate. 
Thereafter, a drop of concentrated H2SO4 was added. The 
mixture was heated for 1 h and neutralized with NaOH 
followed by the addition of chloroform. The formation of 
a blue green colour indicates the presence of triterpenes.

Saponins: 5  mL of EcASBE filtrate was mixed with 
5  mL distilled water and shaken vigorously. The forma-
tion of a stable froth indicates the presence of saponins.

Terpenoids: 5  mL of EcASBE filtrate was mixed with 
2 mL of chloroform in a test tube. 3 mL of concentrated 
H2SO4 was carefully added to the mixture to form a layer. 
The formation of a reddish-brown interface indicates the 
presence of terpenoids.

Steroids: 2 mL acetic anhydride was added to 1 ml of 
the EcASBE filtrate in a test tube. Thereafter, 2  mL of 
H2SO4 was added. The formation of blue colouration 
from green indicates the presence of steroids.

Anthocyanin: 2  mL of HCl and 1  ml ammonia was 
added to 1 mL of EcASBE filtrate. The change in colour 
from pinkish red to bluish violet indicates the presence 
of steroids.

Phlobatannins: 2  mL of EcASBE filtrate was added to 
1% aqueous HCl and was then boiled with the help of 
Hot plate stirrer. Formation of red colored precipitate 
indicates a positive result.

Quantitative phytochemical evaluation
Quantification of alkaloid
20  g of EcASBE sample was weighed in a beaker into 
which 250  mL of 10% acetic acid in ethanol was added 
and kept standing for 4  h at room temperature. The 
beaker with the extract was placed in a steamy water bath 
and allowed to concentrate to one quarter of its original 
volume. Thereafter, concentrated ammonium hydroxide 
(NH4OH) was added in a dropwise manner until pre-
cipitation was complete. Following sedimentation of the 
solution, the supernatant was discarded, and the precipi-
tates collected. The precipitate was washed with 20  mL 
of dilute NH4OH and filtered with a 125 mm Whatman 
No.1 filter paper. The filter paper containing the precipi-
tates was left to dry to constant weight. The percentage of 
alkaloid was calculated using the formula below:
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Quantification of flavonoid
Into a beaker containing 2  g of EcASBE sample 50  mL 
of 80% aqueous methanol was added and left to stand 
for 24 h at room temperature. The supernatant was dis-
carded, and the residue was re-extracted (three times) 
with 50  mL of ethanol. The solution was afterwards fil-
tered with 125 mm Whatman No.1 filter paper. The fil-
trate was transferred into a crucible and allowed to dry in 
a water bath. The percentage of flavonoid was calculated 
using the formula below:

Quantification of glycosides
200  mL of 70% ethanol was added into a 250  mL ster-
ile bottle containing 25 g of EcASBE sample and shaken 
vigorously at 25℃ and 300  rpm for 6  h in a water bath 
shaker. The resulting solvent from the bottle was fil-
tered through 125  mm Whatman No.1 filter paper. The 
filtrate was transferred into 1 L volumetric flasks after 
which 500  mL of distilled water was added followed by 
100  mL of 12.5% lead acetate. The resultant solution 
was made to 800 mL with distilled water and vigorously 
shaken at 300 rpm for 10 min. 200 mL of 4.77% disodium 

phosphate solution was added to the 800 ml solution to 
precipitate the excess Pb2+ and filtered using 125  mm 
Whatman No. 1 filter paper. The filtrate was left to evap-
orate to dryness. 50 mg of the dried filtrate was then dis-
solved in 2 mL of glacial acetic acid containing 2 drops of 
2% ferric chloride solution. The percentage of glycosides 
was calculated using the formula below:

Quantification of saponin
20  g of EcASBE sample was taken into a beaker and 
100 mL of 20% aqueous ethanol was added. The solution 
was heated in a water bath at 55℃ for 4 h with continu-
ous stirring. Thereafter, the solution was filtered and the 
residue re-extracted with 100 mL of 20% aqueous ethanol. 

%Alkoloid =

Weight of filter paper with crude alkaloid − Initial weight of filter paper

Weight of plant sample
×100

%Flavonoid =

Weights of crucible with crude flavonoid − Initial weight of crucible

Weight of plant sample
×100

%Glycosides =
Weight of dried filtrate

Weight of plant sample
× 100

The filtrate was left to evaporate over a water bath at about 
90℃ to obtain 40 mL of the filtrate which was transferred 
into a 250 mL-separating funnel to which 20 mL of diethyl 
ether was added and thoroughly mixed. The aqueous layer 
was recovered and discarded the diethyl ether layer. The 
filtrate was further purified using 60 mL of n-butanol, and 
subsequently washed two times with 10 mL of 5% NaCl. 
The NaCl layer was discarded, and the remaining solution 
was heated in a water bath to dryness. The percentage of 
saponin was calculated using the formula below:

Quantification of terpenoids
100 mg of EcASBE sample was macerated in 9 mL of eth-
anol for 24 h. After filtration, the mixture was extracted 
with 10  mL of petroleum ether using separating funnel 
and then left to dry. The percentage of terpenoids was 
calculated using the formula below:

In vivo acute oral toxicity test (median lethal dosage, LD50) 
of EcASBE
The acute toxicity of EcASBE was assessed in non-
infected, nulliparous and non-pregnant female Swiss 
albino mice adopting an up-and-down procedure con-
sistent with the Organization for Economic Cooperation 
and Development (OECD) Guideline No. 425 [47]. Five 
female mice (8–12 weeks old, 22–24 g) were dosed singly 
in sequence at 48  h intervals. A single dose of 175  mg/
kg body weight (bw) extract was administered to a mouse 
orally. Food was withheld for 2  h following administra-
tion of extract. The mouse was closely observed for gross 
changes such as changes in feeding pattern, diarrhoea, 
hair erection, lacrimation, mortality, and other morpho-
logical and behavioural indicators of toxicity.

Since death was not observed after 48  h, the sec-
ond animal was given 550  mg/kg bw extract. This was 

%Saponin =

Weight of saponin

Weight of plant sample
× 100

%Terpenoids =
Weight of plant sample used for extraction − weight after complete drying

Weight of plant sample used for extraction
×100
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followed by 1750 and 5000 mg/kg bw extract for subse-
quent rounds of administration. The body weight of the 
animals was taken, 48 h after extract administration, and 
compared with the initial body weight. The animals were 
observed for indications of toxicity and mortality over 
the next fourteen days.

Grouping and dosing of experimental animals
Forty-two mice were used for each of the three antima-
larial test models (Curative, Prophylactic and Suppres-
sive). They were randomly placed into six groups for each 
test model (n = 7). The treatment groups (Groups IV-VI) 
were treated with 125, 250, and 500  mg/kg bw extract. 
All treatments were administered using oral gavage with 
a stainless metallic feeding cannula. The groupings are 
summarised in Table 1.

In vivo investigation of antimalarial activities of EcASBE
Preparation of standard inoculum and parasite inoculation
Chloroquine-sensitive Plasmodium berghei NK65 strain 
sourced from the Drug Research Laboratory, IAM-
RAT, University of Ibadan, Ibadan, Nigeria was inocu-
lated intraperitoneally into mice to induce experimental 
malaria. Parasitised blood was collected from four donor 
P. berghei-infected mice with parasitaemia levels of 
20–30% [48, 49]. Following the determination of parasi-
taemia of donor mice, they were euthanised with 2% iso-
flurane. Their blood was collected through retro-orbital 
venipuncture with a heparinised hematocrit capillary 
tube [50, 51] into a falcon tube treated with 4  mL anti-
coagulant citrate dextrose (ACD) solution, Solution A, 
USP (2.13% free citrate ion). Afterwards, the blood was 
diluted with physiological isotonic saline (0.9%) based on 
the level of parasitaemia of the donor mice [52], resulting 
in a 1 mL of blood containing 5 × 107 P. berghei-infected 
red blood cells (iRBCs). Afterwards, the mice were 
injected intraperitoneally with 0.2  mL of this diluted 
blood containing about 107 P. berghei-iRBCs.

Curative (Rane’s) test
Following the establishment of malaria in the mice, we 
proceeded to evaluate the curative ability of EcASBE 
using the Rane’s test as described by Ryley and Peters 
[53]. Briefly, the mice were inoculated on the first day 
(D0). After the determination of baseline parasitaemia, 
oral administration of EcASBE started 72-h post-infec-
tion. Treatment was administered once a day for five con-
secutive days (D3 to D7) with 24-h gap between the doses.

Prophylactic (Repository) test
The prophylactic activity of EcASBE was evaluated fol-
lowing the technique described by Peters [54] (1965). For 
4 days (D0 to D3), the mice were given EcASBE once a day 
orally. On the fifth day (D4), all mice were inoculated with 
iRBCs intraperitoneally.

Four‑day suppressive test
EcASBE was evaluated for its schizonticidal efficacy on 
early P. berghei infection in mice adopting a 4-day sup-
pressive test [55]. Beginning on the first day (D0), three 
hours after infection, treatments were given orally in sin-
gle doses throughout the course of four days (D0 to D3).

Parasitaemia measurement
The schematic representation of the antimalarial tests 
is represented in Fig.  1. Parasitaemia was monitored by 
Giemsa-stained thin blood smears from the tail snip of 
each mouse on: D4 for the 4-day suppressive test; after 
72 h of infection on D7 in prophylactic test; and from D3 
after the establishment of infection to D7 for the cura-
tive test. The slides were viewed under a light microscope 
(× 100 oil immersion objective) by an experienced and 
experiment-blinded microscopist. Survival of the animals 
was observed using Kaplan–Meier survival analysis and 
compared using the log-rank (Mantel–Cox) test. The for-
mulae below were used to compute percentage parasitae-
mia and inhibition [56].

Monitoring of body weight and temperature changes
The measurement of changes in rectal temperature and 
body weight are important to evaluate the effectiveness of 
medicinal plant extracts against malarial infection [57]. A 
sensitive digital weighing balance (Want Balance Instru-
ment Co., Ltd., Jiangsu, China) was used to measure the 
body weight of each mouse before infection, during, and 
after the course of treatment. The rectal temperature of 
the mice was measured with a digital rectal thermome-
ter (Omron Healthcare Co., Ltd., Japan). In the curative 

%Parasitaemia =

Number of parasitised erythrocytes

Total number of erythrocytes
× 100%

Table 1  Experimental grouping and dosage

Groups (n = 7) Treatments

Group I Normal control –administered with the vehicle (distilled 
water)

Group II Infected and untreated (administered with the vehicle)

Group III Infected and treated with standard drug – 10 mg/kg 
chloroquine (CQ) phosphate

Group IV Infected and treated with 125 mg/kg bw EcASBE

Group V Infected and treated with 250 mg/kg bw EcASBE

Group VI Infected and treated with 500 mg/kg bw EcASBE
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test, the weight and temperature of the mice were taken 
on D0, D4 and D7. The body weight and rectal tempera-
ture were taken on D0, D4, D7 and D9 in the prophylactic 
test. While the body weight and rectal temperature of the 
mice were taken on D0, D4 and D6 post-inoculation, in 
the suppressive test.

Packed cell volume (PCV) measurement
The PCV was measured to assess the efficacy of the test 
extract in preventing haemolysis due to the multiplica-
tion of the parasites in the RBCs. Blood was collected 
from the tail of each mouse in heparinised capillary 
tubes, and centrifuged in a microhematocrit centrifuge 
(Hawksley and Sons Ltd., Lancing, Sussex, England) for 
7  min at 11,000  rpm. Afterwards, the PCV was deter-
mined using a standard MicroHematocrit Reader (Hawk-
sley and Sons Ltd., Lancing, Sussex, England). The 
formula [58] below was used to estimate PCV on D0, D4 
and D7 in the curative; D0, D4, D7 and D9 in the prophy-
lactic; and D0, D4 and D6 in the 4-day suppressive tests, 
respectively:

Determination of haematological, biochemical indices 
and proinflammatory marker in experimental mice
Blood was collected from the representative animals into 
5 mL EDTA (for haematological assays) and plain bottles, 
respectively, through retro-orbital venipuncture after 

% Inhibition =

(Mean parasitaemia of untreated group−Mean parasitaemia of treated group)

Mean parasitaemia of untreated group
×100

euthanising them with 2% isoflurane. The blood collected 
in plain bottles was allowed to clot for 30 min and cen-
trifuged at 5000  rpm for 15  min to separate the serum 
which was collected and stored at −20℃. The serum was 
used for biochemical assays and determination of proin-
flammatory marker.

Biochemical assays
Serum biochemical assays
Sera and tissue homogenates from animals in the cura-
tive test (the antimalarial test model showing the highest 
antimalarial activity of EcASBE) were used to evaluate 
biochemical assays. Activities of alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), alkaline 
phosphatase (ALP), gamma-glutamyl transferase (GGT), 
as well as concentrations of albumin and bilirubin were 
measured spectrophotometrically (VWR International 
Ltd., Leicestershire, UK) using commercially available 
diagnostic kits (Fortress Diagnostics Ltd., Antrim, UK) to 
evaluate liver biochemical function. Using commercially 
available diagnostic kits (Atlas Medical Ltd., Cambridge, 
UK), serum creatinine and urea concentrations were 

measured to evaluate kidney function. While for serum 
lipid profile, total cholesterol, triglycerides, high-density 
lipoprotein (HDL) cholesterol and low-density lipopro-
tein (LDL) cholesterol levels were measured by using rea-
gent assay kits (Fortress Diagnostics Ltd., Antrim, UK).

Fig. 1  Schematic representation of the antimalarial tests
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Tissue homogenate total protein and redox assays
The tissues (liver and kidneys) were excised from 
euthanised representative animals across the groups 
and homogenised by a micro tissue homogeniser (Car-
rier Transicold Ltd., Palm Beach Gardens, United States) 
in phosphate buffered saline (PBS) (0.01  M, pH 7.4, 1:5 
w/v) in ice-cooled plastic tubes. The homogenised sam-
ples were centrifuged at 5000 rpm for 15 min at 4℃ with 
the resultant tissue homogenates stored in plastic vials 
at −4℃ until use. Tissue homogenates were used for the 
determination of liver and renal redox parameters, and 
total protein concentrations.

Total protein concentration was determined using the 
Biuret method as outlined in the assay kit’s manufacturer 
instructions (Fortress Diagnostics Ltd., Antrim, UK). The 
activity of catalase (CAT) and concentration of reduced 
glutathione (GSH) were evaluated using colorimetric 
method as described in the guidelines by the assay kit’s 
manufacturer (Elabscience Biotechnology Inc., Houston, 
Texas, USA). The concentration of malondialdehyde 
(MDA) was evaluated using colorimetric method, follow-
ing the guidelines outlined by the manufacturers (Oxford 
Biomedical Research, Inc., Rochester Hills, Michigan, 
USA). Nitric oxide (NO) concentration was determined 
colorimetrically using the Griess method according to 
the guidelines outlined by the manufacturer (Oxford 
Biomedical Research, Inc., Rochester Hills, Michigan, 
USA). Glutathione peroxidase (GPx) activity was evalu-
ated following the protocol describe by the assay kit’s 
manufacturer (Fortress Diagnostics Ltd., Antrim, UK). 
Additionally, superoxide dismutase (SOD) activity was 
measured using the protocol outlined by Marklund and 
Marklund [59].

Determination of serum level of proinflammatory marker
Serum level of tumour necrosis factor-alpha (TNF-α) 
was measured using a commercially available Sandwich-
enzyme-linked immunosorbent assay (ELISA) kits fol-
lowing the manufacturer’s instructions (Elabscience 
Biotechnology Inc., Houston, Texas, USA), based on a 
biotinylated monoclonal antibody specific for mouse 
TNF-α, with a threshold sensitivity of 9.38 pg/mL. Plates 
were read with a Victor3® Multilabel Plate Reader (Per-
kin-Elmer) at 450 nm.

Evaluation of  the  relationship between  parasitaemia 
and  antioxidant enzyme activities and  inflamma-
tion  Pearson correlation coefficients (r) was conducted 
to estimate the relationship between parasitaemia and 
antioxidant enzyme activities and inflammation in 
infected animals in the curative antimalarial test.

Haematological analysis
Haematological parameters were determined following 
previously described methods [60, 61]. The haemato-
logical parameters evaluated were haemoglobin (Hb), red 
blood cell (RBC), white blood cell (WBC), neutrophils 
(Neut), and Lymphocytes (Lymph).

Statistical analysis
Data were analysed using One-way analysis of variance 
(ANOVA) and represented as mean ± standard error of 
the mean (mean ± SEM). All grouped data in antima-
larial activities, inflammation, and biochemical assays 
were statistically analysed using GraphPad Prism v9 
(GraphPad Software Inc., San Diego, California, USA), 
while those in weight, temperature, and haematologi-
cal parameters were statistically analysed with SPSS data 
analysis software v25 (IBM SPSS Statistics for Windows, 
IBM Corporation, NY, USA). Tukey’s post hoc test was 
used to evaluate statistical significance for grouped data 
at p < 0.05. Pearson correlation coefficients (r) using 
GraphPad Prism v9 was used to calculate the relation-
ship between parasitaemia and antioxidant enzymes and 
inflammation in infected animals, at 95% confidence 
interval (CI).

Results
Phytochemical constituents of EcASBE
Phytochemical screening of EcASBE was carried out 
to determine the presence or absence of secondary 
metabolites in the extract. The extract contained phy-
toconstituents including alkaloids, flavonoids and sapo-
nins (Table  2). Alkaloids (194.17 ± 3.97) and flavonoids 
(111.12 ± 1.06) were found to be the most abundant phy-
toconstituents in the extract.

Acute oral toxicity of EcASBE
The acute oral toxicity of the extract was carried out so 
as to define the safety limit and select suitable doses for 
further experiments in mice. Following the acute oral 
toxicity test, no death was recorded within the first 24 h 
and the observation period of 14  days. Furthermore, a 
thorough physical and behavioural examination of the 
experimental animals revealed no obvious symptoms 
of acute toxicity induced by the extract. The animals 
showed no outward symptoms of abnormalities such as 
posture, movement, salivation, loss of appetite, trem-
ors, diarrhoea, depression, and lachrymation. The find-
ings indicate that the LD50 of the extract is greater than 
5000 mg/kg. Hence, the doses of 125 (1/40th of the LD50), 
250 (1/20th of the LD50), and 500 (1/10th of the LD50) mg/
kg bw extract were selected and used for the antimalarial 
testing.
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Effects of EcASBE on body weights, rectal temperatures 
and PCV of mice
In Rane’s curative test, treatment of P. berghei-infected 
mice with EcASBE exerted significant (p < 0.05) effect on 
body weights and rectal temperatures of the treated mice 
in comparison with that of the untreated group on D7 
(Table  3). Also, the extract exerted significant (p < 0.05) 
effect on the PCV of the treated mice in comparison with 
the untreated group on D4 and D7 (Table 3). These data 
indicate that therapeutic intervention with the plant can 
avert weight loss, improve body temperature and PCV in 
malaria-infected mouse model.

In the prophylactic test, administering EcASBE to P. 
berghei-infected mice had a significant (p < 0.05) effect on 
their body weights on D7 and D9, as well as on their rec-
tal temperatures and PCV on D9, relative to the untreated 
group (Table 4). The extract exerted significant (p < 0.05) 
effect on the PCV of the treated mice in comparison with 

the untreated group on D9. These data suggest that pro-
phylactic treatment with the plant can prevent weight 
loss, temperature fluctuations and PCV reduction in 
infected animals.

In the suppressive test, following treatment of P. 
berghei-infected mice with EcASBE, a significant 
(p < 0.05) effect on body weights, rectal temperatures 
and PCV of the treated mice was recorded when com-
pared with untreated group on D6 (Table 5). These results 
indicate the plant can significantly suppress weight loss, 
temperature fluctuations and PCV reduction in infected 
animals at higher doses.

Antimalarial activity of EcASBE in P. berghei‑infected mice
We investigated the Rane’s curative effect of EcASBE on 
established malaria in vivo. Administration of the extract 
significantly (p < 0.05) reduced parasitaemia level dose-
dependently, in comparison with the untreated group 

Table 2  Phytochemical constituents of EcASBE

 + Detected;—Not detected

S/n Qualitative phytochemical 
screening

Detected Quantitative phytochemical 
screening

Value (mg/100 g)

1 Alkaloids  +  Alkaloids 194.17 ± 3.97

2 Flavonoids  +  Flavonoids 111.12 ± 1.06

3 Glycosides  +  Glycosides 0.23 ± 0.01

4 Saponin  +  Saponin 0.06 ± 0.00

5 Terpenoids  +  Terpenoids 0.03 ± 0.01

6 Tanin -

7 Phenolics -

8 Steroids -

9 Triterpene -

10 Anthocyanin -

11 Phlobatannins -

Table 3  Effects of EcASBE on body weights, rectal temperatures and PCV of P. berghei-infected mice in the curative test

Values are expressed as mean ± SEM (n = 5). Values with different superscript letters along a column for a given parameter are significantly different (p < 0.05) from 
each other

Group Weight (g) Temperature (℃) PCV (%)

D0 D4 D7 D0 D4 D7 D0 D4 D7

Normal control 20.71 ± 0.57a 21.57 ± 0.92a 23.00 ± 0.69b 36.27 ± 0.18a 36.27 ± 0.05a 35.71 ± 0.11a 50.09 ± 0.55a 49.86 ± 0.35b 49.47 ± 0.59b

Untreated 19.86 ± 0.67a 19.29 ± 0.57a 17.00 ± 0.44a 36.46 ± 0.40a 36.80 ± 0.25a 37.46 ± 0.11b 49.96 ± 0.21a 46.74 ± 0.44a 42.84 ± 0.50a

Standard drug 
(CQ)

20.14 ± 0.80a 21.14 ± 0.91a 21.71 ± 1.02b 35.84 ± 0.23a 36.34 ± 0.11a 36.33 ± 0.12a 55.11 ± 0.83c 55.04 ± 0.23e 53.33 ± 0.68c

125 mg/kg bw 
EcASBE

20.43 ± 0.90a 22.29 ± 1.08a 23.43 ± 1.34b 36.09 ± 0.32a 36.59 ± 0.16a 35.86 ± 0.24a 53.77 ± 0.89bc 53.35 ± 0.41de 52.98 ± 0.65c

250 mg/kg bw 
EcASBE

20.57 ± 0.97a 20.00 ± 1.45a 21.00 ± 1.09b 36.34 ± 0.28a 36.71 ± 0.16a 35.64 ± 0.21a 52.03 ± 0.88ab 51.65 ± 0.58c 49.80 ± 0.67b

500 mg/kg bw 
EcASBE

20.57 ± 0.61a 20.71 ± 0.81a 22.00 ± 0.53b 36.07 ± 0.35a 36.67 ± 0.15a 36.17 ± 0.18a 53.34 ± 0.64bc 52.81 ± 0.27 cd 49.02 ± 0.24b
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(Fig.  2a). Parasitaemia in the extract–treated groups 
measured at D7 was lower than parasitaemia measured 
on previous days, showing that continued treatment 
with the extract caused a reduction of parasitaemia from 
the peak measured at D4. The analysis of the inhibition 
activity of the extract showed that the extract exhibited 
the highest curative effect at dose 500  mg/kg bw on D7 
with a parasitaemia inhibition effect of 80.4%, but lower 
than that of the standard drug chloroquine (100%) 

(Fig. 2b). The mean survival time (MST) analysis revealed 
an improvement in the survival of animals treated with 
500 mg/kg bw EcASBE (MST = 20 days) when compared 
with the untreated animals (MST = 11  days) (Fig.  2c). 
These results strongly support that therapeutic interven-
tion with the extract can significantly reduce and inhibit 
parasitaemia, as well as prolong the survival of infected 
animals in an established murine Plasmodium spp. 
infection.

Table 5  Effects of EcASBE on body weights, rectal temperatures and PCV of P. berghei-infected mice in the suppressive test

Values are expressed as mean ± SEM (n = 5). Values with different superscript letters along a column for a given parameter are significantly different (p < 0.05) from 
each other

Group Weight (g) Temperature (℃) PCV

D0 D4 D6 D0 D4 D6 D0 D4 D6

Normal control 19.29 ± 0.61a 20.86 ± 0.40a 22.14 ± 0.70b 35.63 ± 0.18a 36.37 ± 0.07ab 36.33 ± 0.05a 51.87 ± 0.82ab 51.46 ± 0.31b 50.87 ± 0.63d

Untreated 20.00 ± 0.69a 19.00 ± 0.58a 17.86 ± 0.40a 36.3 ± 0.16a 35.80 ± 0.24ab 36.90 ± 0.13b 49.76 ± 0.40a 47.25 ± 0.16a 44.58 ± 0.31a

Standard drug 
(CQ)

20.14 ± 1.01a 20.86 ± 1.01a 23.00 ± 1.50b 35.8 ± 0.10ab 35.66 ± 0.11a 36.09 ± 0.10a 51.36 ± 0.48ab 51.02 ± 0.43b 49.85 ± 0.99 cd

125 mg/kg bw 
EcASBE

20.00 ± 0.58a 19.29 ± 0.87a 20.14 ± 1.16ab 35.89 ± 0.14ab 36.57 ± 0.34b 36.24 ± 0.09a 52.96 ± 0.66b 51.30 ± 0.12b 47.71 ± 0.62bc

250 mg/kg bw 
EcASBE

20.29 ± 0.81a 20.57 ± 1.09a 22.14 ± 1.24b 36.10 ± 0.13ab 35.66 ± 0.21a 36.39 ± 0.09a 53.80 ± 0.94b 52.42 ± 0.44b 45.87 ± 0.44ab

500 mg/kg bw 
EcASBE

19.98 ± 0.30a 19.57 ± 0.78a 21.29 ± 0.52ab 35.56 ± 0.15b 35.87 ± 0.18ab 36.31 ± 0.10a 52.48 ± 0.60ab 52.00 ± 0.30b 50.68 ± 0.39d

Fig. 2  Curative antimalarial efficacy of EcASBE in P. berghei–infected mice. (a) percentage parasitaemia and (b) percentage inhibition. Values 
are expressed as mean ± SEM (n = 5). (c) Survival of mice was monitored using the Kaplan–Meier survival analysis and data were compared 
by a Log-rank (Mantel–Cox) test
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We tested the prophylactic effect of EcASBE on the 
animals. Following pretreatment of infected mice with 
the extract, the level of parasitaemia reduced signifi-
cantly (p < 0.05) dose-dependently, in contrast to the 
untreated group (Fig.  3a). As shown in Fig.  3b, the 
extract exerted the highest prophylactic potential and 
the highest inhibition effect (71.4%) at the highest 
dose 500  mg/kg bw on D9, but lower than that of the 
standard drug chloroquine (100%). The administration 
of EcASBE dose-dependently increased the survival of 
infected animals, with 500 mg/kg bw EcASBE improv-
ing survival of infected animals (MST = 17  days) as 
against (MST = 11 days) recorded for untreated animals 
(Fig. 3c). Together, the data demonstrate the preventive 
effect and potential of EcASBE to improve survival in 
experimental animals.

Finally, we evaluated the suppressive effect of EcASBE on 
experimental animals. The 4-day suppressive test is meant 
to assess the antimalarial efficacy of the extract during the 
initial stages of infection [62]. Evaluation of the suppres-
sive activity of the extract revealed that the extract caused 
a reduction in parasitaemia dose-dependently in treated 
mice, with the highest parasitaemia reduction recorded 
at 500 mg/kg bw on D6 (Fig. 4a). The observed reduction 
was statistically significant (p < 0.05) in comparison with 
the untreated group. The extract exerted parasitaemia 

inhibition effect of 71% at the highest dose 500 mg/kg bw, 
but lower than 94.3% recorded for the standard drug chlo-
roquine (Fig. 4b). The administration of the extract caused 
a significant (p < 0.05) improvement in the MST of infected 
animals in a dose-dependent manner (Fig.  4c). The MST 
of extract-treated animals (MST = 14  days) recorded at 
500 mg/kg bw EcASBE significantly (p < 0.05) differs from 
(MST = 9 days) of the untreated animals. Altogether, these 
results suggest that the extract acts to suppress the onset 
of P. berghei-induced malaria in the animals and improves 
their survival.

Effects of EcASBE on P. berghei‑infected host biochemical 
alterations
Effects of EcASBE on serum liver enzymatic activities, and 
serum bilirubin and albumin levels in P. berghei‑infected mice
We conducted experiments to investigate the ability 
of EcASBE to mitigate liver dysfunction induced by P. 
berghei infection in the liver of the animals. The effect 
of the extract on the activities of serum liver enzymes 
ALT, AST, ALP, and GGT in P. berghei- infected mice 
is presented in Fig.  5a–d. The activities of ALT, AST, 
ALP, and GGT were significantly (p < 0.05) increased in 
untreated mice. Following treatment with the extract, 
there was a significant (p < 0.05) reduction in the activi-
ties of these enzymes in the infected mice to levels that 

Fig. 3  Prophylactic antimalarial efficacy of EcASBE in P. berghei–infected mice. (a) percentage parasitaemia and (b) percentage inhibition. Values 
are expressed as mean ± SEM (n = 5). (c) Survival of mice was monitored using the Kaplan–Meier survival analysis and data were compared 
by a Log-rank (Mantel–Cox) test



Page 12 of 26Evbuomwan et al. BMC Complementary Medicine and Therapies           (2025) 25:73 

Fig. 4  Suppressive antimalarial efficacy of EcASBE in P. berghei–infected mice. (a) percentage parasitaemia and (b) percentage inhibition. Values 
are expressed as mean ± SEM (n = 5). (c) Survival of mice was monitored using the Kaplan–Meier survival analysis and data were compared 
by a Log-rank (Mantel–Cox) test

Fig. 5  Effects of EcASBE on liver indices in P. berghei-infected mice. (a) alanine aminotransferase (ALT), (b) alkaline phosphatase (ALP), (c) aspartate 
aminotransferase (AST) and (d) γ-glutamyl transferase (GGT) activities. Values are expressed as mean ± SEM (n = 5). ns: not significant; *,**, and ****: 
significant at p < 0.05
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are identical to the normal control group, especially 
as concentration increase. These data show that the 
extract can significantly avert biochemical alterations 
induced by P. berghei infection in the activities of liver 
enzymes in the animal model.

We also measured the levels of serum albumin and direct 
bilirubin to evaluate the effect of the extract on P. berghei-
induced liver dysfunction and the results are presented in 
Fig. 6. There was an increase in the level of serum direct 
bilirubin in the untreated mice (Fig. 6a) which was signifi-
cantly (p < 0.05) reduced upon treatment with the extract 
dose-dependently to a level that is similar to the normal 
control group. However, comparing the levels of albumin 
in the treatment groups (125 and 250 mg/kg bw, respec-
tively) and the untreated group, there was no significant 
(p > 0.05) difference (Fig. 6b). These results further validate 
the ability of the extract to avert biochemical alterations by 
mitigating liver dysfunction.

Effects of EcASBE on serum kidney indices in P. 
berghei‑infected mice
We investigated the effect of on parasite-induced kidney 
dysfunction by measuring the levels of serum urea and 
creatinine in P. berghei-infected mice. We observed a 

significant (p < 0.05) increase in the levels of these kidney 
indices in the untreated mice as depicted in Fig. 7a and 
b, an outcome which was reversed significantly (p < 0.05) 
upon treatment with the extract in a dose-dependent 
manner to near normal. These data reflect the potential 
of the extract to enhance renal function in Plasmodium 
infection.

Effects of EcASBE on the lipid profile and inflammation in P. 
berghei‑infected mice
In a dose-dependent experiment, we evaluated the 
effect of EcASBE on lipid profile and inflammation 
following P. berghei infection in  vivo. As presented 
in Fig.  8a-d, there was an elevation in the levels 
of LDL cholesterol, total cholesterol, triglyceride, 
and a decrease in the level of HDL cholesterol in 
the untreated group. Administration of the extract 
caused a significant (p < 0.05) improvement of these 
parameters dose-dependently to levels that are com-
parable to the normal control. In a similar vein, the 
level of TNF-α, a proinflammation marker increased 
in untreated mice (Fig.  8e). Upon administration of 
the extract, TNF-α level was significantly (p < 0.05) 
reduced to a level similar to the normal control 

Fig. 6  Effects of EcASBE on the levels of serum in P. berghei-infected mice. (a) Direct bilirubin and (b) Albumin. Values are expressed as mean ± SEM 
(n = 5). ns: not significant; *,**, and ***: significant at p < 0.05



Page 14 of 26Evbuomwan et al. BMC Complementary Medicine and Therapies           (2025) 25:73 

Fig. 7  Effects of EcASBE on kidney indices in P. berghei-infected mice. (a) Urea and (b) Creatinine levels. Values are expressed as mean ± SEM (n = 5). 
ns: not significant; *,**,***, and ****: significant at p < 0.05

Fig. 8  Effects of EcASBE on lipid profile (a-d), and inflammation (e) in P. berghei-infected mice. (a) Low density lipoprotein (LDL) cholesterol, (b) High 
density lipoprotein (HDL) cholesterol, (c) Total cholesterol, (d) Triglyceride and (e) Tumour necrosis factor-alpha (TNF-α) levels. Values are expressed 
as mean ± SEM (n = 5). ns: not significant; *,**,***, and ****: significant at p < 0.05
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group. Taken together, these data strongly suggest 
that the extract has antidyslipidaemic properties and 
can attenuate inflammatory responses by lowering 
the levels of proinflammatory cytokine, which is a 
key factor in pathogenesis of malaria in mouse model.

Effects of EcASBE on redox balance and protein level 
in tissues of P. berghei‑infected mice
Malaria induces oxidative stress in the host. Hence, 
we investigated the antioxidative effect of EcASBE in 
the liver and kidney of infected mice. In this study, 
oxidative stress was induced in the liver (Fig.  9a-e) 

Fig. 9  Effects of EcASBE on antioxidant status in the liver of P. berghei-infected mice. (a) Catalase (CAT) activity, (b) Superoxide dismutase (SOD) 
activity, (c) Reduced glutathione (GSH) level, (d) Glutathione peroxidase (GPx) activity and (e) Nitric oxide (NO) level. Values are expressed 
as mean ± SEM (n = 5). ns: not significant; *,**,***, and ****: significant at p < 0.05

Fig. 10  Effects of EcASBE on antioxidant status in the kidney of P. berghei-infected mice. (a) Catalase (CAT) activity, (b) Superoxide dismutase 
(SOD) activity, (c) Reduced glutathione (GSH) level, (d) Glutathione peroxidase (GPx) activity and (e) Nitric oxide (NO) level. Values are expressed 
as mean ± SEM (n = 5). ns: not significant; *,**,***, and ****: significant at p < 0.05
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and kidney (Fig.  10a-e) of P. berghei-infected mice. 
This caused a significant (p < 0.05) reduction in the 
levels of CAT, SOD, GPx, and GSH, with a concomi-
tant elevation of NO level, in the untreated group. 
Following treatment with the extract, the levels of 
the antioxidants significantly (p < 0.05) improved in 
a dose-dependent manner to levels similar to those 
of the normal control group.

To further investigate the ability of the extract to 
improve redox balance, we evaluated the level of lipid 
peroxidation and protein level in the in the tissues of 
P. berghei-infected mice. Our results show a signifi-
cant (p < 0.05) elevation in MDA level, a biomarker 
of lipid peroxidation, in the liver and kidney of the 
untreated group (Fig.  11a and 12a), which is conno-
tative of an increased oxidative stress in the animals 
in this group. Treatment with EcASBE significantly 
(p < 0.05) depleted MDA level dose-dependently to 
levels similar to the normal control group. In addi-
tion, an elevation in the protein level was significantly 
(p < 0.05) reversed on treatment with EcASBE espe-
cially at 125 and 250 mg/kg bw EcASBE, respectively, 
comparable to the normal control group (Fig. 10b and 
11b). But, at the highest dose of EcASBE (500  mg/kg 
bw), there was no significant (p < 0.05) effect on the 

protein level. Altogether, these data suggest the anti-
oxidative and antiperoxidative effect of the extract, as 
well as its ability to maintain protein level in murine 
model, triggering an enhanced resolution of malaria in 
the animals.

Relationship between parasitaemia and the activities 
of the antioxidant enzymes and levels of proinflammation 
cytokine
Using Pearson correlation coefficients (r), we explored 
the relationship between parasitaemia and enzyme 
antioxidant activities in the liver of P. berghei-infected 
mice in the curative antimalarial test, and the results are 
presented in Fig.  13. The results of the r analysis indi-
cate a negative linear relationship (r = −0.7737, 95% CI 
−0.9842 to 0.3420) between parasitaemia and the anti-
oxidant enzyme CAT in the liver of P. berghei-infected 
mice (Fig. 13a). In a similar manner, there was a nega-
tive linear relationship (r = −0.5606, 95% CI −0.9654 
to 0.6364) between parasitaemia and the antioxidant 
enzyme SOD in the liver of P. berghei-infected mice 
(Fig. 13b). A positive linear relationship (r = 0.2689, 95% 
CI −0.8042 to 0.9304) between parasitaemia and the 
level of TNF-α in P. berghei-infected mice is shown in 
Fig. 13c.

Fig. 11  Effects of EcASBE on lipid peroxidation and protein level in the liver of P. berghei-infected mice. (a) Malondialdehyde (MDA) and (b) Total 
protein levels. Values are expressed as mean ± SEM (n = 5). ns: not significant; *,**,***, and ****: significant at p < 0.05
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Effects of EcASBE on haematological parameters in P. 
berghei‑infected mice
Various manifestations of malaria are associated with the 
asexual blood stage of Plasmodium life cycle and the sub-
sequent destruction of the RBC. Generally, Plasmodium 

infection causes haematological alterations in the host 
[63]. Hence, we directly evaluated the effect of EcASBE 
on mouse hematological parameters in an established 
infection. Mice in the untreated group showed decreased 
RBC counts (1.16 ± 0.12) compared with the normal 

Fig. 12  Effects of EcASBE on lipid peroxidation and protein level in the kidney of P. berghei-infected mice. (a) Malondialdehyde (MDA) and (b) Total 
protein levels. Values are expressed as mean ± SEM (n = 5). ns: not significant; *,**,***, and ****: significant at p < 0.05

Fig. 13  Correlation between parasitaemia and activities of antioxidant enzymes in the liver and levels of TNF-α in P. berghei-infected mice. 
(a) Correlation between parasitaemia and activities of CAT, and (b) SOD in the liver of P. berghei-infected mice. (c) Correlation between parasitaemia 
and the level of TNF-α in P. berghei-infected mice
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control group and a lower Hb content (7.57 ± 0.21) as 
against 6.88 ± 0.09 and 11.58 ± 0.18 recorded for both 
RBC and Hb in the normal control group. The find-
ings indicate the presence of malarial-induced anaemia 
in mice in the untreated group (Table  6). On treatment 
with the extract, these parameters were significantly 
(p < 0.05) improved dose-dependently. Also, animals 
in the untreated group had decreased WBC counts 
(2380.00 ± 60.83) in contrast to the normal control group 
(2846.67 ± 68.07). The percentage of other WBC differ-
entials neutrophils and lymphocytes decreased signifi-
cantly (p < 0.05) in the untreated group, and on treatment 
with the extract these parameters improved significantly 
(p < 0.05) to near normal.

We further investigated the ability of EcASBE to pre-
vent alterations in haematological indices in P. berghei 
infection. Untreated mice showed decreased RBC 
counts (1.31 ± 0.05) and a lower Hb content (5.63 ± 0.32) 
in comparison with 3.07 ± 0.59 and 9.95 ± 0.30 recorded 
for both RBC and Hb respectively in the normal control 
group (Table  7). On treatment with the extract, there 
was a significant (p < 0.05) restoration and normalisa-
tion of the RBC and Hb levels. Table  7 also showed a 
significant (p < 0.05) increase in the WBC count of ani-
mals in the untreated group (4350 ± 132.29) in com-
parison with the normal control (2333.33 ± 59.38), and 
a decrease in lymphocyte percentage (23.00 ± 1.00) 

was observed in the untreated group comparable to 
the normal control (28.33 ± 1.53). These changes were 
significantly (p < 0.05) improved following extract 
administration. Malaria infection caused a signifi-
cant (p < 0.05) decrease in neutrophils in the untreated 
group (59.00 ± 2.00) relative to the normal control 
(64.67 ± 1.53), with the extract having no significant 
(p < 0.05) effect on neutrophil level.

Furthermore, in the suppressive test, we evaluated 
if EcASBE can suppress haematological changes in P. 
berghei-induced malaria in vivo. The data showed a sig-
nificant (p < 0.05) reduction in RBC counts (1.11 ± 0.05) 
and Hb level (6.13 ± 0.76) in the untreated group, con-
trary to 2.75 ± 0.33 and 11.00 ± 0.44 recorded for both 
RBC and Hb in the normal control group (Table 8). A 
significant (p < 0.05) improvement on these param-
eters was recorded following treatment with the 
extract, as the dose increased. In addition, malaria 
infection significantly (p < 0.05) raised the WBC count 
(4733.33 ± 28.87), and decreased the percentage of neu-
trophils (54.67 ± 0.58) and lymphocytes (21.00 ± 1.00) 
in the untreated group relative to the normal control 
group (3016.67 ± 76.38) (Table  8). These alterations 
were significantly (p < 0.05) improved to near nor-
mal upon treatment at varying doses. Altogether, the 
findings may indicate the erythropoietic effect and 
the ability of the extract to ameliorate alterations in 

Table 6  Effects of EcASBE on haematological indices in P. berghei-infected mice in the curative test

Hb Haemoglobin, RBC Red blood cell, WBC White blood cell, Neut Neutrophils, Lymph Lymphocytes. Values are expressed as mean ± SEM (n = 5)

Values with different superscript letters along a column for a given parameter are significantly different (p< 0.05) from each other

Group Hb (g/dL) RBC (100/μL) WBC (μL) Neut (%) Lymph (%)

Normal control 11.58 ± 0.18e 6.88 ± 0.09e 2846.67 ± 68.07d 58.00 ± 1.00d 32.67 ± 1.15b

Untreated 7.57 ± 0.21a 1.16 ± 0.12a 2380.00 ± 60.83a 48.33 ± 0.57a 26.67 ± 0.58a

Standard drug (CQ) 11.27 ± 0.60de 6.17 ± 0.56d 2813.33 ± 55.08d 57.00 ± 1.73 cd 32.67 ± 0.58b

125 mg/kg bw extract 9.23 ± 0.15b 4.41 ± 0.06b 2386.68 ± 20.22ab 51.00 ± 1.00ab 35.00 ± 1.00bc

250 mg/kg bw extract 9.77 ± 0.38bc 4.48 ± 0.02bc 2563.33 ± 15.28bc 54.33 ± 1.15bc 34.33 ± 1.15bc

500 mg/kg bw extract 10.67 ± 0.21 cd 5.12 ± 0.11c 2643.33 ± 70.24 cd 55.67 ± 1.53 cd 35.33 ± 0.58c

Table 7  Effects of EcASBE on haematological indices in P. berghei-infected mice in the prophylactic test

Values are expressed as mean ± SEM (n = 5). Values with different superscript letters along a column for a given parameter are significantly different (p < 0.05) from 
each other

Hb Haemoglobin, RBC Red blood cell, WBC White blood cell, Neut Neutrophils, Lymph Lymphocytes

Group Hb (g/dL) RBC (100/μL) WBC (μL) Neut (%) Lymph (%)

Normal control 9.95 ± 0.30b 3.07 ± 0.59c 2333.33 ± 59.38a 64.67 ± 1.53d 28.33 ± 1.53c

Untreated 5.63 ± 0.32a 1.31 ± 0.05a 4350 ± 132.29d 59.00 ± 2.00bc 23.00 ± 1.00a

Standard drug (CQ) 9.77 ± 0.40b 2.07 ± 0.15b 2216.67 ± 57.74a 62.67 ± 1.15 cd 28.67 ± 1.15c

125 mg/kg bw extract 9.87 ± 0.49b 2.20 ± 0.08b 3150.00 ± 50.00b 46.33 ± 2.08a 24.67 ± 1.53ab

250 mg/kg bw extract 11.23 ± 0.06b 4.19 ± 0.04d 3650 ± 100.00c 59.33 ± 1.53bc 28.00 ± 1.00bc

500 mg/kg bw extract 11.13 ± 0.49b 3.44 ± 0.19c 3333.33 ± 125.83b 55.33 ± 1.53b 29.33 ± 1.53c
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haematological indices in malaria infection in murine 
model.

Discussion
Malaria continues to pose significant global health chal-
lenges especially in Nigeria and other endemic countries, 
largely because of the spread of drug-resistant Plasmo-
dium species, and high cost and inaccessibility of rec-
ommended antimalarial drugs [2, 14, 15]. These factors 
make it urgent to search for cheap and potent antima-
larial compounds with unique multiple mechanisms of 
action to counteract the growing menace of drug-resist-
ant malaria infections.

The phytochemical analysis of EcASBE revealed an 
array of phytochemical constituents with flavonoids and 
alkaloids predominantly present in the extract. Flavo-
noids have been reported to inhibit the transportation of 
myoinositol and L-glutamine into Plasmodium-infected 
RBCs during the intraerythrocytic stage of the life cycle 
of the parasite [64]. Both myoinositol and L-glutamine 
play significant roles that are critical to the survival and 
proliferation of the parasite [65–68]. On the other hand, 
alkaloids act as antimalarial agents by inhibiting the pro-
duction of protein and halting the conversion of toxic 
haem which results from the destruction of haemoglobin 
from being converted into haemozoin, a non-toxic pig-
ment [69]. Collectively, the antimalarial effect of the plant 
may be attributed to its phytoconstituents.

Alterations in body weight and temperature are impor-
tant parameters in P. berghei-infected mice [70]. The loss 
of body weight is one of the common characteristics of 
rodent malaria [71], probably due to loss of appetite, 
disruption of metabolic activities and hypoglycemia 
in infected mice [70]. In the three antimalarial tests, 
EcASBE significantly averted weight loss and prevented 
adverse temperature alterations corroborating previous 
reports [71, 72]. These findings indicate that the plant has 
the ability to attenuate weight loss and malaria-induced 
body temperature fluctuations.

The experimental data presented herein under-
scores a promising and superior antimalarial activity 
of EcASBE. In Rane’s curative test, the extract reduced 
the parasitaemia dose-dependently. The parasitaemia 
inhibition activity of the extract in the curative test was 
higher than those recorded for both prophylactic and 
suppressive tests, an indication that it possesses high 
schizonticidal activity on the proliferative phase of the 
parasite. Invasion of RBCs alone does not necessarily 
cause malaria; the production of free radicals [73], acti-
vation of phospholipase cascade [74–76], and produc-
tion of prostaglandins [77, 78], in response to invading 
pathogens also contribute to disease development. 
Consequently, the reduced parasite burden in the cura-
tive test may be connected with the inhibitory effects 
of the extract on parasite-growth supporting pathways 
including the haem detoxification pathway, that are 
critical to the parasite survival and growth, as well as 
its production of free radicals [79]. In addition, our data 
support the preventive ability of the extract, with our 
findings showing significant parasitaemia reduction. 
Furthermore, our findings showed that the extract sig-
nificantly suppressed and inhibited parasitaemia dose-
dependently, indicating that the plant could be used in 
suppressing malaria infection in its early stages. This is 
suggestive of the ability of the plant to inhibit parasite 
proliferation and RBC infectivity. Our findings extend 
those of Abubakar et al. [41] in documenting the anti-
malarial activities of E. chlorantha alkaloids and flavo-
noids. The lower inhibition activity of the plant in both 
prophylactic and suppressive tests in comparison with 
the curative test may be connected to rapid metabolism 
and clearance of the bioactive ingredients in the extract 
in the liver before malaria establishment [80]. In addi-
tion to inhibiting intraerythrocytic proliferation of the 
malaria parasite, the extract also improved the surviv-
ability of infected mice.

The parasitaemia reduction could be linked to the 
phytoconstituents, especially alkaloids and flavonoids, 

Table 8  Effects of EcASBE on haematological indices in P. berghei-infected mice in the suppressive test

Hb Haemoglobin, RBC Red blood cell, WBC White blood cell, Neut Neutrophils, Lymph Lymphocytes

Values are expressed as mean ± SEM (n = 5). Values with different superscript letters along a column for a given parameter are significantly different (p < 0.05) from 
each other

Group Hb (g/dL) RBC (100/μL) WBC (μL) Neut (%) Lymph (%)

Normal control 11.00 ± 0.44c 2.75 ± 0.33bc 3016.67 ± 76.38a 65.67 ± 3.06d 29.33 ± 1.53d

Untreated 6.13 ± 0.76a 1.11 ± 0.05a 4733.33 ± 28.87e 54.67 ± 0.58ab 21.00 ± 1.00a

Standard drug (CQ) 8.83 ± 0.55b 2.94 ± 0.34c 2900.00 ± 50.00a 59.33 ± 1.53bc 27.00 ± 1.00abc

125 mg/kg bw extract 8.67 ± 0.61b 2.16 ± 0.18b 4100.00 ± 50.00d 52.67 ± 1.53a 28.00 ± 1.00 cd

250 mg/kg bw extract 10.20 ± 0.89bc 4.09 ± 0.34d 3533.33 ± 104.08c 58.67 ± 0.58bc 24.67 ± 0.58b

500 mg/kg bw extract 9.73 ± 0.21bc 2.52 ± 0.13bc 3200.00 ± 50.00b 60.67 ± 2.08c 25.67 ± 1.53bc



Page 20 of 26Evbuomwan et al. BMC Complementary Medicine and Therapies           (2025) 25:73 

present in the plant, which have been implicated in 
the inhibition of growth and multiplication of malaria 
parasites [41, 81–83]. Another plausible explanation is 
that the extract prevented RBC invasion, inhibited the 
parasite access to essential nutrients, and/or exerted 
cytotoxic effect on the parasite [79]. The extract could 
also have reduced parasite burden by indirectly stimu-
lating the host immune response, thereby altering the 
properties of iRBCs [84]. Altogether, these data suggest 
that the extract possesses promising active antimalarial 
agents and its potential use in developing new antima-
larial compounds, while also improving the survival of 
the animals.

Haematological anomalies are unique features of 
malaria. The significant reduction in total haematological 
parameters including PCV percentage, RBC and Hb con-
centrations, as well as WBC counts and other WBC dif-
ferentials (lymphocytes and neutrophils) in the untreated 
group in this study extends the findings of earlier stud-
ies in rodent [85, 86], and human [63, 87] malaria. The 
reduction in RBC indices (RBC count, PCV percent-
age and Hb concentration) could be linked to invasion 
and haemolysis of infected RBCs by Plasmodium spp., 
destruction of uninfected RBCs, and the use of Hb as a 
source of nutrient during the intraerythrocytic stage of 
Plasmodium spp. life cycle [88, 89]. Also, malaria induces 
defective erythropoiesis, hindering the maintenance of 
erythropoietic equilibrium [90]. The reduction in WBC 
count and other WBC differentials in the uninfected 
group in the Rane’s curative test is indicative of weaken-
ing of the immune system of the rodent or localisation of 
WBCs away from the peripheral circulation to the spleen 
and other marginated pools, instead of outright reduc-
tion or inactivity due to the disease [91]. But in the sup-
pressive and prophylactic tests, an elevation in the WBC 
count was observed. A probable assumption is that the 
host immune system is still very active in these tests since 
the disease condition has not been established before the 
commencement of treatment. In all tests, the restora-
tion of haematological parameters in P. berghei infection 
following treatment with EcASBE indicates its ability to 
decrease or avert the invasion of uninfected RBCs by the 
parasite, eliminate the parasite from iRBCs before hae-
molysis, improve erythropoiesis, and inhibit or decrease 
intraerythrocytic development of the parasite [92]. Con-
sidered together, the results imply that the plant can 
ameliorate haematological alterations caused by malaria 
infection.

Malaria is a highly inflammatory and oxidative disease. 
As a result of increased production of reactive oxygen 
and nitrogen species (ROS and RON) during Plasmo-
dium spp. infection, the endogenous antioxidant defense 

of the host is compromised, resulting in redox imbalance 
and oxidative stress, a generalised occurrence in Plasmo-
dium spp. infection [93, 94]. Increased ROS/RNS pro-
duction occurs due to the degradation of haemoglobin 
of the host by the parasite [95, 96], and also through the 
host immune response which leads to the production of 
ROS/RNS inside the phagosomes through a mechanism 
known as respiratory or oxidative burst [10]. The extra-
cellular release of ROS generated during the respiratory 
burst also contributes to an increase in the oxidative state 
in the infected host [97].

The depleted levels of GSH, SOD, CAT and GPx, and a 
simultaneous rise in NO level, depicts an occurrence of 
oxidative damage in the tissues and/or proinflammation 
following P. berghei infection in mice. This is consistent 
with earlier findings on the dysregulation of these oxida-
tive indicators in malaria [98–100]. The induction of oxi-
dative stress leads to increased production of superoxide 
(O2

●−) through the Fenton (or Haber–Weiss) reaction 
[94]. In order to detoxify the microenvironment of the 
generated O2

●−, the host increases the activity of SOD, 
the key O2

●− antioxidant defense system [101, 102]. 
However, if the elevated O2

●− are not converted by SOD 
to hydrogen peroxide (H2O2) it can react with NO to 
generate peroxynitrite (ONOO−), a potent radical which 
promotes oxidation [103] and plays a significant role in 
proinflammation [104]. Thus, the increased NO level 
with a simultaneous depleted SOD activity underscores 
induction of oxidative stress in the untreated group. Also, 
the rise in MDA level in the untreated group indicates an 
incidence of lipid peroxidation, following the induction 
of oxidative damage. Hence, the improvement of these 
parameters on treatment with EcASBE indicates that 
the plant possesses the potential to mitigate lipid per-
oxidation and restore redox imbalance, supporting earlier 
reports on the antioxidant protective effect of plants [29, 
105, 106]. Altogether, these findings showed the antioxi-
dative and antiperoxidative effect of the extract which 
could be connected with the phytochemicals, especially 
flavonoids and alkaloids, present in the plant [107, 108].

Abnormalities in liver function are relatively frequent 
findings in malaria mainly due to its involvement in the 
life cycle of Plasmodium spp. These abnormalities are 
usually transient and are primarily represented by eleva-
tions in the serum or plasma level of liver enzymes ALT 
and AST activities, and to a lesser extent, by elevations 
in the activities of ALP and GGT [8]. Increased activities 
of these enzymes can indicate irritation, injury or dam-
age to the liver, associated with cellular integrity, hepatic 
inflammation, and cellular obstruction, which may have 
caused the enzymes to leak out into the blood [109]. The 
current study shows elevated activities of ALT, AST, ALP 
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and GGT in P. berghei-infected untreated mice, an indi-
cation of hepatocellular dysfunction, supporting earlier 
reports [8, 93, 110, 111].

Bilirubin, a major breakdown product of haemoglo-
bin, is usually metabolised in the liver with its accumu-
lation in serum indicates hepatocellular dysfunction; 
hence, measuring the level of serum bilirubin also serves 
as a useful marker of liver function [112]. Hepatocellu-
lar dysfunction induced by P. berghei infection was fur-
ther confirmed by the significantly hyperbilirubinemia 
in the untreated group while the infection had no effect 
on the level of serum albumin in the animals. The hyper-
bilirubinemia in the untreated group could be a product 
of elevated haemoglobin catabolism [113] or hepato-
cellular damage by the parasite [114], with a resultant 
impairment in bilirubin uptake and excretion. Hepatocel-
lular damage from malaria has been linked with oxida-
tive stress. Therefore, the evidential improvement of the 
hepatic status in EcASBE-treated animals implies that 
the plant has hepatoprotective effect, which may be con-
nected with its antioxidant phytoconstituents.

Impairment of renal function in malaria is adequately 
reported [115, 116], and this could be linked to vascular 
dysfunction as a result of the degradation of the endothe-
lial glycocalyx mediated by Plasmodium-induced oxida-
tive stress [117, 118]. In the current study, the incidence 
of renal dysfunction was confirmed through elevated lev-
els of serum creatinine and urea in the untreated group. 
Such dysfunctions are connected with fatal complica-
tions in malaria, contributing to high morbidity and mor-
tality [116, 119]. The antioxidant potential of EcASBE 
with its ability to scavenge initiators of lipid peroxidation, 
preserving the structural integrity of the kidney mem-
brane and enhancing renal function, are demonstrated by 
the improvement in serum creatinine and urea levels of 
EcASBE-treated groups. These findings support the reno-
protective activity of the plant during malaria.

Dysregulation of lipid metabolism is connected with 
infection, inflammation and oxidative stress [120]. In the 
present study, a significant change in P. berghei-infected 
untreated mice was the augmentation of serum total cho-
lesterol, LDL cholesterol, and triglyceride, with a deple-
tion in HDL cholesterol level, suggesting a dysregulation 
of the host lipogenesis because of the parasitic infection. 
Evidence show that malaria parasites can manipulate the 
lipid metabolism pathways of the host, since they can-
not synthesise several classes of lipids that are essential 
for their development and replication [121, 122]. Dys-
lipidaemia could have been caused by increased lipo-
protein synthesis and its absorption, and/or a decrease 
in its breakdown. Elevated serum levels of total cho-
lesterol, LDL cholesterol, and triglycerides may be the 
result of increased synthesis and absorption to make up 

for the host serum lipids that the parasite uses for meta-
bolic functions. The reduced HDL level in the untreated 
mice may have resulted from a decrease in the transfer 
of cholesterol, and/or from the parasite inhibiting the 
liver enzymes that metabolise lipids, including the use 
of lipids in the synthesis of haemozoin [121]. The plant 
demonstrates antidyslipidaemic properties by signifi-
cantly improving the lipid profile relative to the untreated 
group; a finding that is consistent with previous reports 
[123, 124]. Antidyslipidaemic properties of the plant may 
be linked to the phytoconstituents in the extract, which 
may have modulated oxidative damage on the hepato-
cytes [125–127].

The pathophysiology of malaria is usually connected 
with a polyclonal activation of the immune system which 
manifests in exacerbated production of proinflammatory 
cytokines including IFN-γ, TNF-α, IL-1, IL-6, IL-8 and 
IL-12 [128, 129]. In agreement with the above, our find-
ings show that malaria infection markedly raised the level 
of TNF-α in the untreated group; evidence of inflamma-
tion in the infected animals. TNF-α is produced by vari-
ous cells including T and B lymphocytes, macrophages, 
and mast cells [130], and its expression is critical in the 
pathogenesis and pathophysiology of malaria, with lev-
els of the proinflammatory cytokine correlating with 
disease severity [131]. The increased TNF-α level in the 
untreated group was significantly improved after extract 
administration, supporting earlier findings on the anti-
inflammatory activity of plants [84, 106]. The result is 
implicative of the anti-inflammatory property of the 
plant, which may be attributed to its phytoconstituents 
[132, 133].

Conclusion
The emergence and spread of drug-resistant malaria 
severely threaten malaria management globally, making 
it more imperative to develop novel antimalarial com-
pounds that are cheap and effective in the treatment of 
drug-sensitive and drug-resistant malaria, respectively. 
Our findings not only demonstrate the antimalarial 
action of EcASBE, but the antioxidative, anti-inflamma-
tory, hepatoprotective and nephroprotective properties 
in a murine malaria model. Collectively, our findings 
warrant further studies to explore the antimalarial com-
pounds of the extract.
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HDL	� High-density lipoprotein
TNF-α	� Tumour necrosis factor-alpha
IFN-γ	� Interferon gamma
IL	� Interleukin
MST	� Mean survival time
r	� Pearson correlation coefficients

Acknowledgments
We thank Prof. O.G. Ademowo, Drug Research Laboratory, IAMRAT, University 
of Ibadan, for providing the Plasmodium berghei NK65 strain used to induce 
experimental malaria in the mice. We also acknowledge Dr. C.O. Nwonuma, 
Mr. O.O. Alejolowo, Mr. O. Folarin in Medicinal Biochemistry Laboratory, Dr. 
P. Olajide in Agricultural Science Laboratory, Ms Yemisi Afolabi in Chemistry 
Laboratory, Landmark University, and Mrs. A. Thomas in Drug Research Labora-
tory, IAMRAT, University of Ibadan, for technical assistance.

Authors’ contributions
IOE, OSA, OMO: Methodology, Conceptualization, Project administration, 
Investigation, Writing–original draft, Writing—review & editing. OSA, OMO: 
Supervision. All the authors listed in this paper have read and approved the 
final version of the submitted manuscript, and agreed to be accountable for 
the content of the work.

Funding
No external funding was received for this study.

Data availability
The data generated and analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The collection of plant followed relevant guidelines and regulations outlined 
in the International Union for Conservation of Nature (IUCN) Policy State-
ment on Research Involving Species at Risk of Extinction, the Convention on 
International Trade in Endangered Species (CITES) of Wild Fauna and Flora. All 
animal studies were performed humanely and consistent with the Guidelines 
for the Care and Use of Laboratory Animals [47], and the National Research 
Council Guide for the Care and Use of Laboratory Animals [134]. Approval 
for the study was obtained from the Landmark University Research Ethical 
Review Committee (LUAC/BCH/2023/0002A). Consent to participate was not 
applicable. The study was reported in accordance with the Animal Research: 
Reporting of In Vivo Experiments (ARRIVE) guidelines 2.0 [135].

Consent for publication
Not applicable.

Competing interest
The authors declare no competing interests.

Author details
1 SDG #03 Group – Good Health and Well‑being Research Cluster, Land-
mark University, Ipetu Road, PMB 1001, Omu‑Aran‑ 251101, Nigeria. 
2 Department of Biochemistry, Landmark University, Ipetu Road, PMB 1001, 
Omu‑Aran‑251101, Nigeria. 3 Department of Food Science and Microbiology, 

Landmark University, Ipetu Road, PMB 1001, Omu‑Aran‑251101, Nigeria. 
4 Host‑Pathogen Interactions and Disease Modeling Laboratory, Special Center 
for Molecular Medicine, Jawaharlal Nehru University, New Mehrauli Road, New 
Delhi, Delhi‑110067, India. 5 Department of Biochemistry, Medicinal Biochem-
istry, Nanomedicine & Toxicology Laboratory, Bowen University, Iwo 232101, 
Nigeria. 6 Laboratory of Sustainable Animal Environment, Graduate School 
of Agricultural Science, Tohoku University, Osaki, Miyagi, Japan. 7 International 
Centre for Infectious Diseases, Biosafety and Biosecurity Research, Department 
of Medical Biochemistry, David Umahi Federal University of Health Sciences, 
Uburu, Nigeria. 

Received: 28 April 2024   Accepted: 3 January 2025

References
	 1.	 World Health Organization. World Malaria Report, 2022. Geneva: WHO 

Press. http://​www.​who.​int (2022). Accessed 10 Jan 2024.
	 2.	 World Health Organization. World Malaria Report, 2023. Geneva: WHO 

Press. http://​www.​who.​int (2023). Accessed 10 Jan 2024.
	 3.	 World Health Organization. World Malaria Report, 2021. Geneva: WHO 

Press. http://​www.​who.​int (2021a). Accessed 10 Jan 2024.
	 4.	 Seydel KB, Kampondeni SD, Valim C, Potchen MJ, Milner DA, Muwalo 

FW, Birbeck GL, Bradley WG, Fox LL, Glover SJ, Hammond CA. Brain 
swelling and death in children with cerebral malaria. N Engl J Med. 
2015;372(12):1126–37. https://​doi.​org/​10.​1056/​NEJMO​A1400​116.

	 5.	 Gething PW, Casey DC, Weiss DJ, Bisanzio D, Bhatt S, Cameron E, Bat-
tle KE, Dalrymple U, Rozier J, Rao PC, Kutz MJ. Mapping Plasmodium 
falciparum mortality in Africa between 1990 and 2015. N Engl J Med. 
2016;375(25):2435–45. https://​doi.​org/​10.​1056/​NEJMo​a1606​701.

	 6.	 Phillips MA, Burrows JN, Manyando C, van Huijsduijnen RH, Van Voorhis 
WC, Wells TN. Malaria. Nat Rev Dis Primers. 2017;3(17050):1–24. https://​
doi.​org/​10.​1038/​nrdp.​2017.​50.

	 7.	 Weiss DJ, Lucas TC, Nguyen M, Nandi AK, Bisanzio D, Battle KE, 
Cameron E, Twohig KA, Pfeffer DA, Rozier JA, Gibson HS. Mapping 
the global prevalence, incidence, and mortality of Plasmodium 
falciparum, 2000–17: a spatial and temporal modelling study. Lancet. 
2019;394(10195):322–31. https://​doi.​org/​10.​1016/​S0140-​6736(19)​
31097-9.

	 8.	 Reuling IJ, de Jong GM, Yap XZ, Asghar M, Walk J, van de Schans LA, 
Koelewijn R, Färnert A, de Mast Q, van der Ven AJ, Bousema T. Liver 
injury in uncomplicated malaria is an overlooked phenomenon: an 
observational study. EBioMedicine. 2018;36:131–9. https://​doi.​org/​10.​
1016/j.​ebiom.​2018.​09.​018.

	 9.	 Cao H, Vickers MA. Oxidative stress, malaria, sickle cell disease, and 
innate immunity. Trends in Immunol. 2021;42(10):849–51. https://​doi.​
org/​10.​1016/j.​it.​2021.​08.​008.

	 10.	 Vasquez M, Zuniga M, Rodriguez A. Oxidative stress and pathogenesis 
in malaria. Front Cell Infect Microbiol. 2021;11: 768182. https://​doi.​org/​
10.​3389/​fcimb.​2021.​768182.

	 11.	 Ariey F, Witkowski B, Amaratunga C, Beghain J, Langlois AC, Khim N, 
Kim S, Duru V, Bouchier C, Ma L, Lim P, Ménard S, Rogers WO, Genton B, 
Fandeur T, Miotto O, Ringwald P, Le Bras J, Berry A, Barale CJ, Fairhurst 
RM, Benoit-Vical F, Mercereau-Puijalon O, Ménard D. A molecular 
marker of artemisinin-resistant Plasmodium falciparum malaria. Nat. 
2014;505(7481):50–5. https://​doi.​org/​10.​1038/​natur​e12876.

	 12.	 Birnbaum J, Scharf S, Schmidt S, Jonscher E, Hoeijmakers WA, Flem-
ming S, Toenhake CG, Schmitt M, Sabitzki R, Bergmann B, Fröhlke U. A 
Kelch13-defined endocytosis pathway mediates artemisinin resistance 
in malaria parasites. Sci. 2020;367(6473):51–9. https://​doi.​org/​10.​1126/​
scien​ce.​aax47​35.

	 13.	 Uwimana A, Legrand E, Stokes BH, Ndikumana JL, Warsame M, Umulisa 
N, Ngamije D, Munyaneza T, Mazarati JB, Munguti K, Campagne P. Emer-
gence and clonal expansion of in vitro artemisinin-resistant Plasmodium 
falciparum kelch13 R561H mutant parasites in Rwanda. Nat Med. 
2020;26(10):1602–8. https://​doi.​org/​10.​1038/​s41591-​020-​1005-2.

	 14.	 White NJ. Emergence of artemisinin-resistant Plasmodium falciparum in 
East Africa. N Engl J Med. 2021;385(13):1231–2. https://​doi.​org/​10.​1056/​
NEJMe​21106​59.

http://www.who.int
http://www.who.int
http://www.who.int
https://doi.org/10.1056/NEJMOA1400116
https://doi.org/10.1056/NEJMoa1606701
https://doi.org/10.1038/nrdp.2017.50
https://doi.org/10.1038/nrdp.2017.50
https://doi.org/10.1016/S0140-6736(19)31097-9
https://doi.org/10.1016/S0140-6736(19)31097-9
https://doi.org/10.1016/j.ebiom.2018.09.018
https://doi.org/10.1016/j.ebiom.2018.09.018
https://doi.org/10.1016/j.it.2021.08.008
https://doi.org/10.1016/j.it.2021.08.008
https://doi.org/10.3389/fcimb.2021.768182
https://doi.org/10.3389/fcimb.2021.768182
https://doi.org/10.1038/nature12876
https://doi.org/10.1126/science.aax4735
https://doi.org/10.1126/science.aax4735
https://doi.org/10.1038/s41591-020-1005-2
https://doi.org/10.1056/NEJMe2110659
https://doi.org/10.1056/NEJMe2110659


Page 23 of 26Evbuomwan et al. BMC Complementary Medicine and Therapies           (2025) 25:73 	

	 15.	 Fola AA, Feleke SM, Mohammed H, Brhane BG, Hennelly CM, Assefa A, 
Crudal RM, Reichert E, Juliano JJ, Cunningham J, Mamo H. Plasmodium 
falciparum resistant to artemisinin and diagnostics have emerged in 
Ethiopia. Nat Microbiol. 2023;8(10):1911–9. https://​doi.​org/​10.​1038/​
s41564-​023-​01461-4.

	 16.	 White NJ. Antimalarial drug resistance. J Clin Invest. 2004;113(8):1084–
92. https://​doi.​org/​10.​1172/​JCI21​682.

	 17.	 Cowell AN, Istvan ES, Lukens AK, Gomez-Lorenzo MG, Vanaerschot M, 
Sakata-Kato T, Flannery EL, Magistrado P, Owen E, Abraham M, LaMonte 
G. Mapping the malaria parasite druggable genome by using in vitro 
evolution and chemogenomics. Sci. 2018;359(6372):191–9. https://​doi.​
org/​10.​1126/​scien​ce.​aan44​72.

	 18.	 Stokes BH, Dhingra SK, Rubiano K, Mok S, Straimer J, Gnädig NF, Deni I, 
Schindler KA, Bath JR, Ward KE, Striepen J. Plasmodium falciparum K13 
mutations in Africa and Asia impact artemisinin resistance and parasite 
fitness. Elife. 2021;10: e66277. https://​doi.​org/​10.​7554/​eLife.​66277.

	 19.	 Ross LS, Fidock DA. Elucidating mechanisms of drug-resistant Plasmo-
dium falciparum. Cell Host Microbe. 2019;26(1):35–47. https://​doi.​org/​
10.​1016/j.​chom.​2019.​06.​001.

	 20.	 Neafsey DE, Juraska M, Bedford T, Benkeser D, Valim C, Griggs A, Lievens 
M, Abdulla S, Adjei S, Agbenyega T, Agnandji ST. Genetic diversity and 
protective efficacy of the RTS, S/AS01 malaria vaccine. N Engl J Med. 
2015;373(21):2025–37. https://​doi.​org/​10.​1056/​NEJMo​a1505​819.

	 21.	 Datoo MS, Natama HM, Somé A, Bellamy D, Traoré O, Rouamba T, Tahita 
MC, Ido NF, Yameogo P, Valia D, Millogo A. Efficacy and immunogenicity 
of R21/Matrix-M vaccine against clinical malaria after 2 years’ follow-up 
in children in Burkina Faso: a phase 1/2b randomised controlled trial. 
Lancet Infect Dis. 2022;22(12):1728–36. https://​doi.​org/​10.​1016/​S1473-​
3099(22)​00442-X.

	 22.	 World Health Organization. Global Technical Strategy for Malaria 
2016–2030. WHO Press, Geneva. 2021b. www.​who.​int. Accessed 12 Jan 
2024.

	 23.	 Oluba OM. Ganoderma terpenoid extract exhibited anti-plasmodial 
activity by a mechanism involving reduction in erythrocyte and 
hepatic lipids in Plasmodium berghei infected mice. Lipids Health Dis. 
2019;18(1):12. https://​doi.​org/​10.​1186/​s12944-​018-​0951-x.

	 24.	 Ojo OA, Ojo AB, Okolie C, Abdurrahman J, Barnabas M, Evbuomwan 
IO, Atunwa OP, Atunwa B, Iyobhebhe M, Elebiyo TC, Nwonuma CO. 
Elucidating the interactions of compounds identified from Aframomum 
melegueta seeds as promising candidates for the management of 
diabetes mellitus: A computational approach. Inform Med Unlocked. 
2021a;26:100720. https://​doi.​org/​10.​1016/j.​imu.​2021.​10072.

	 25.	 Ojo OA, Ojo AB, Okolie C, Nwakama MA, Iyobhebhe M, Evbuomwan 
IO, Nwonuma CO, Maimako RF, Adegboyega AE, Taiwo OA, Alsharif KF. 
Deciphering the interactions of bioactive compounds in selected tradi-
tional medicinal plants against Alzheimer’s diseases via pharmacophore 
modeling, auto-QSAR, and molecular docking approaches. Molecules. 
2021;26(7):1996. https://​doi.​org/​10.​3390/​molec​ules2​60719​96.

	 26.	 Nwonuma CO, Atanu FO, Okonkwo NC, Egharevba GO, Udofia IA, 
Evbuomwan IO, Alejolowo OO, Osemwegie OO, Adelani-Akande T, 
Dogunro FA. Evaluation of anti-malarial activity and GC–MS finger 
printing of cannabis: An in-vivo and in silico approach. Sci Afr. 2022;15: 
e01108. https://​doi.​org/​10.​1016/j.​sciaf.​2022.​e01108.

	 27.	 Evbuomwan IO, Stephen Adeyemi O, Oluba OM. Indigenous medicinal 
plants used in folk medicine for malaria treatment in Kwara State, 
Nigeria: an ethnobotanical study. BMC Complement Med Ther. 
2023;23(1):324. https://​doi.​org/​10.​1186/​s12906-​023-​04131-4.

	 28.	 Evbuomwan IO, Alejolowo OO, Elebiyo TC, Nwonuma CO, Ojo OA, 
Edosomwan EU, Chikwendu JI, Elosiuba NV, Akulue JC, Dogunro FA, 
Rotimi DE, Osemwegie OO, Ojo AB, Ademowo OG, Adeyemi OS, Oluba 
OM. In silico modeling revealed phytomolecules derived from Cym-
bopogon citratus (DC.) leaf extract as promising candidates for malaria 
therapy. J Biomol Struct Dyn. 2024;1–18.https://​doi.​org/​10.​1080/​07391​
102.​2023.​21927​99.

	 29.	 Adeyemi OS, Rotimi DE, Fatinukun HD, Adeogun VO, Evbuomwan IO, 
Adebayo OL, Atolani O, Akanji MA. Antioxidant and inflammatory-
modulating properties of ginger and bitterleaf teas. Int J Environ Health 
Res. 2024;11:1–15. https://​doi.​org/​10.​1080/​09603​123.​2024.​23388​94.

	 30.	 Chanu WK, Chatterjee A, Singh N, Nagaraj VA, Singh CB. Phytochemi-
cal screening, antioxidant analyses, and in vitro and in vivo antimalarial 
activities of herbal medicinal plant-Rotheca serrata (L.) Steane & Mabb. 

J Ethnopharmacol. 2024;321:117466. https://​doi.​org/​10.​1016/j.​jep.​2023.​
117466.

	 31.	 Adesokan AA, Yakubu MT, Owoyele BV, Akanji MA, Soladoye AO, Lawal 
OK. Effect of administration of aqueous and ethanolic extracts of Enan-
tia chlorantha stem bark on brewer’s yeast-induced pyresis in rats. Afr J 
Biochem Res. 2008;2(7):165–9.

	 32.	 Ngono Ngane RA, Mogtomo MK, Tabou AT, Nana HM, Chieffo PM, 
Bounou ZM, Etame RE, Ndifor F, Biyiti L, Amvam Zollo PH. Ethnobotani-
cal survey of some Cameroonian plants used for the treatment of viral 
disease. Afri J Plant Sci. 2011;5(1):15–21.

	 33.	 Tcheghebe OT, Tatong FN, Seukep AJ. Traditional uses, phytochemical 
and pharmacological profiles, and toxicity of Enantia chlorantha (Oliver): 
An overview. Edorium J Med. 2016;3:12–8. https://​doi.​org/​10.​5348/​
M05-​2016-4-​RA-2.

	 34.	 Adebiyi OE, Abatan MO. Phytochemical and acute toxicity of ethanolic 
extract of Enantia chlorantha (Oliv) stem bark in albino rats. Interdiscip 
Toxicol. 2013;6(3):145–51. https://​doi.​org/​10.​2478/​intox-​2013-​0023.

	 35.	 Tsabang N, Fokou PV, Tchokouaha LR, Noguem B, Bakarnga-Via I, 
Nguepi MS, Nkongmeneck BA, Boyom FF. Ethnopharmacological sur-
vey of Annonaceae medicinal plants used to treat malaria in four areas 
of Cameroon. J Ethnopharmacol. 2012;139(1):171–80.

	 36.	 Agbaje EO, Onabanjo AO. Analgesic and antipyretic actions of Enantia 
chlorantha extract in some laboratory animals. Niger J Nat Prod Med. 
1998;2:24–5. https://​doi.​org/​10.​4314/​njnpm.​v2i1.​11776.

	 37.	 Agbaje EO, Tijani AY, Braimoh OO. Effects of Enantia chlorantha extracts 
in laboratory-induced convulsion and inflammation. Orient J Med. 
2003;15(1):68–71. https://​doi.​org/​10.​4314/​ojm.​v15i1.​29050.

	 38.	 Nyong EE, Odeniyi MA, Moody JO. In vitro and in vivo antimicrobial 
evaluation of alkaloidal extracts of Enantia chlorantha stem bark and 
their formulated ointments. Acta Pharma. 2015Jan 1;72(1):14–52.

	 39.	 Etame RM, Mouokeu RS, Poundeu FS, Voukeng IK, Cidjeu CL, Tiabou AT, 
Yaya AJ, Ngane RA, Kuiate JR, Etoa FX. Effect of fractioning on antibacte-
rial activity of n-butanol fraction from Enantia chlorantha stem bark 
methanol extract. BMC Complement Altern Med. 2019;19:1–7. https://​
doi.​org/​10.​1186/​s12906-​019-​2459-y.

	 40.	 Agbaje EO, Onabanjo AO. The effects of extracts of Enantia chlorantha 
in malaria. Ann Trop Med Parasitol. 1991;85(6):585–90. https://​doi.​org/​
10.​1080/​00034​983.​1991.​11812​613.

	 41.	 Abubakar A, Ahmad NS, Akanya HO, Abdulkadir A, Abubakar AN. 
Antiplasmodial activity of total alkaloids and flavonoids of stem bark 
extracts of Enantia chlorantha in mice. Comp Clin Path. 2020;29:873–81. 
https://​doi.​org/​10.​1007/​s00580-​020-​03138-4.

	 42.	 Boyom FF, Kemgne EM, Tepongning R, Ngouana V, Mbacham WF, 
Tsamo E, Zollo PH, Gut J, Rosenthal PJ. Antiplasmodial activity of 
extracts from seven medicinal plants used in malaria treatment in Cam-
eroon. J Ethnopharmacol. 2009;123(3):483–8. https://​doi.​org/​10.​1016/j.​
jep.​2009.​03.​008.

	 43.	 The Plant List database. http://​www.​thepl​antli​st.​org. Accessed 10 Sept 
2023.

	 44.	 Ajuru MG, Williams LF, Ajuru G. Qualitative and quantitative phyto-
chemical screening of some plants used in ethnomedicine in the Niger 
Delta region of Nigeria. J Food Nutri Sci. 2017;5(5):198–205. https://​doi.​
org/​10.​11648/j.​jfns.​20170​505.​16.

	 45.	 Rondón M, Moncayo S, Cornejo X, Santos J, Villalta D, Siguencia R, 
Duche J. Preliminary phytochemical screening, total phenolic content 
and antibacterial activity of thirteen native species from Guayas prov-
ince Ecuador. J King Saud Univ Sci. 2018;30(4):500–5. https://​doi.​org/​10.​
1016/j.​jksus.​2017.​03.​009.

	 46.	 Ademoye MA, Lajide L, Owolabi BJ. Phytochemical and antioxidants 
screening of Chrysophyllum albidum, Mezoneuron benthamianum, 
Phyllanthus muellerianus and Acalypha fimbriata. Int J Sci. 2018;7:8–18. 
https://​doi.​org/​10.​18483/​ijSci.​1803.

	 47.	 Organization for Economic Cooperation and Development. OECD 
Guideline for the testing of chemicals. Test Guideline No. 425. Acute 
Oral Toxicity: Up-and-Down Procedure. Paris: OECD Publishing; 2022.

	 48.	 Kifle ZD, Adinew GM, Mengistie MG, Gurmu AE, Enyew EF, Goshu BT, 
Amare GG. Evaluation of antimalarial activity of methanolic root extract 
of Myrica salicifolia A rich (myricaceae) against Plasmodium berghei–
infected mice. J Evid Based Integr Med. 2020;25:2515690X20920539. 
https://​doi.​org/​10.​1177/​25156​90X20​920539.

https://doi.org/10.1038/s41564-023-01461-4
https://doi.org/10.1038/s41564-023-01461-4
https://doi.org/10.1172/JCI21682
https://doi.org/10.1126/science.aan4472
https://doi.org/10.1126/science.aan4472
https://doi.org/10.7554/eLife.66277
https://doi.org/10.1016/j.chom.2019.06.001
https://doi.org/10.1016/j.chom.2019.06.001
https://doi.org/10.1056/NEJMoa1505819
https://doi.org/10.1016/S1473-3099(22)00442-X
https://doi.org/10.1016/S1473-3099(22)00442-X
http://www.who.int
https://doi.org/10.1186/s12944-018-0951-x
https://doi.org/10.1016/j.imu.2021.10072
https://doi.org/10.3390/molecules26071996
https://doi.org/10.1016/j.sciaf.2022.e01108
https://doi.org/10.1186/s12906-023-04131-4
https://doi.org/10.1080/07391102.2023.2192799
https://doi.org/10.1080/07391102.2023.2192799
https://doi.org/10.1080/09603123.2024.2338894
https://doi.org/10.1016/j.jep.2023.117466
https://doi.org/10.1016/j.jep.2023.117466
https://doi.org/10.5348/M05-2016-4-RA-2
https://doi.org/10.5348/M05-2016-4-RA-2
https://doi.org/10.2478/intox-2013-0023
https://doi.org/10.4314/njnpm.v2i1.11776
https://doi.org/10.4314/ojm.v15i1.29050
https://doi.org/10.1186/s12906-019-2459-y
https://doi.org/10.1186/s12906-019-2459-y
https://doi.org/10.1080/00034983.1991.11812613
https://doi.org/10.1080/00034983.1991.11812613
https://doi.org/10.1007/s00580-020-03138-4
https://doi.org/10.1016/j.jep.2009.03.008
https://doi.org/10.1016/j.jep.2009.03.008
http://www.theplantlist.org
https://doi.org/10.11648/j.jfns.20170505.16
https://doi.org/10.11648/j.jfns.20170505.16
https://doi.org/10.1016/j.jksus.2017.03.009
https://doi.org/10.1016/j.jksus.2017.03.009
https://doi.org/10.18483/ijSci.1803
https://doi.org/10.1177/2515690X20920539


Page 24 of 26Evbuomwan et al. BMC Complementary Medicine and Therapies           (2025) 25:73 

	 49.	 Okokon JE, Mobley R, Edem UA, Bassey AI, Fadayomi I, Drijfhout F, 
Horrocks P, Li WW. In vitro and in vivo antimalarial activity and chemical 
profiling of sugarcane leaves. Sci Rep. 2022;12(1):10250. https://​doi.​org/​
10.​1038/​s41598-​022-​14391-8.

	 50.	 Chang ZW, Malleret B, Russell B, Rénia L, Claser C. Ex vivo maturation 
assay for testing antimalarial sensitivity of rodent malaria parasites. 
Antimicrob Agents Chemother. 2016;60(11):6859–66. https://​doi.​org/​
10.​1128/​AAC.​01292-​16.

	 51.	 Batarseh AM, Vafaee F, Hosseini-Beheshti E, Safarchi A, Chen A, Cohen 
A, Juillard A, Hunt NH, Mariani M, Mitchell T, Grau GE. Investigation of 
plasma-derived lipidome profiles in experimental cerebral malaria in 
a mouse model study. Int J Mol Sci. 2022;24(1):501. https://​doi.​org/​10.​
3390/​ijms2​40105​01.

	 52.	 Hilou A, Nacoulma OG, Guiguemde TR. In vivo antimalarial activities of 
extracts from Amaranthus spinosus L. and Boerhaavia erecta L. in mice. 
J Ethnopharmacol. 2006;103(2):236–40. https://​doi.​org/​10.​1016/j.​jep.​
2005.​08.​006.

	 53.	 Ryley JF, Peters W. The antimalarial activity of some quinolone esters. 
Ann Trop Med Parasitol. 1970;64(2):209–22. https://​doi.​org/​10.​1080/​
00034​983.​1970.​11686​683.

	 54.	 Peters W. Drug resistance in Plasmodium berghei. I Chloroquine resist-
ance Exp Parasitol. 1965;17(1):80–9. https://​doi.​org/​10.​1016/​0014-​
4894(65)​90012-3.

	 55.	 Knight DJ, Peters W. The antimalarial activity of N-benzyloxydihy-
drotriazines: I. The activity of clociguanil (BRL 50216) against rodent 
malaria, and studies on its mode of action. Ann Trop Med Parasitol. 
1980;74(4):393–404. https://​doi.​org/​10.​1080/​00034​983.​1980.​11687​360.

	 56.	 Ahmed MA, Ameyaw EO, Ackah-Armah F, Acheampong DO, Amoani B, 
Ampomah P, Adakudugu EA, Adokoh CK. In vitro and in vivo antima-
larial activities of Avicennia africana P. Beauv. (Avicenniaceae) ethanolic 
leaf extract. J Tradit Complement Med. 2022;12(4):391–401. https://​doi.​
org/​10.​1016/j.​jtcme.​2021.​11.​004.

	 57.	 Fidock DA, Rosenthal PJ, Croft SL, Brun R, Nwaka S. Antimalarial drug 
discovery: efficacy models for compound screening. Nat Rev Drug 
Discov. 2004;3(6):509–20. https://​doi.​org/​10.​1038/​nrd14​16.

	 58.	 Mekonnen LB. In vivo antimalarial activity of the crude root and fruit 
extracts of Croton macrostachyus (Euphorbiaceae) against Plasmodium 
berghei in mice. J Tradit Complement Med. 2015;5(3):168–73. https://​
doi.​org/​10.​1016/j.​jtcme.​2014.​07.​002.

	 59.	 Marklund S, Marklund G. Involvement of the superoxide anion radical 
in the autoxidation of pyrogallol and a convenient assay for superoxide 
dismutase. Eur J Biochem. 1974;47(3):469–74.

	 60.	 Ochei J, Kolhatkar A. Medical Laboratory Science, Theory and Practices. 
New York: Tata McGraw-Hill; 2008.

	 61.	 Briggs C, Bain BJ. Basic haematological techniques, in: Dacie and Lewis 
Practical Haematology. 12th ed. New York: Elsevier; 2017.

	 62.	 Uche FI, Guo X, Okokon J, Ullah I, Horrocks P, Boateng J, Huang C, Li 
WW. In vivo efficacy and metabolism of the antimalarial cycleanine and 
improved in vitro antiplasmodial activity of semisynthetic analogues. 
Antimicrob Agents Chemother. 2021;65(2):10–128. https://​doi.​org/​10.​
1128/​AAC.​01995-​20.

	 63.	 Sacomboio EN, dos Santos SC, Salvador ST, João JA, Bapolo DV, 
Francisco NM, Morais J, Valentim EE. Evaluation of blood cell count 
parameters as predictors of treatment failure of malaria in Angola: An 
observational study. PLoS ONE. 2022;17(5): e0267671. https://​doi.​org/​
10.​1371/​journ​al.​pone.​02676​71.

	 64.	 Akram M, Adetunji CO, Laila U, Michael OS, Samson EO, Kadiri O, 
Ansari R, Adetunji JB, Ozolua P, Mtewa AG, Egbuna C. Overview of the 
traditional systems of medicine in different continents during postwar 
recovery. In: Phytochemistry, the Military and Health. Amsterdam: 
Elsevier; 2021. p. 37–52.

	 65.	 MacRae JI, Dixon MW, Dearnley MK, Chua HH, Chambers JM, Kenny S, 
Bottova I, Tilley L, McConville MJ. Mitochondrial metabolism of sexual 
and asexual blood stages of the malaria parasite Plasmodium falcipa-
rum. BMC Biol. 2013;11:1–10. https://​doi.​org/​10.​1186/​1741-​7007-​11-​67.

	 66.	 MacRae JI, Lopaticki S, Maier AG, Rupasinghe T, Nahid A, Cowman AF, 
McConville MJ. Plasmodium falciparum is dependent on de novo myo-
inositol biosynthesis for assembly of GPI glycolipids and infectivity. Mol 
Microbiol. 2014;91(4):762–76. https://​doi.​org/​10.​1111/​mmi.​12496.

	 67.	 Hamilton WL, Claessens A, Otto TD, Kekre M, Fairhurst RM, Rayner 
JC, Kwiatkowski D. Extreme mutation bias and high AT content in 

Plasmodium falciparum. Nucleic Acids Res. 2017;45(4):1889–901. https://​
doi.​org/​10.​1093/​nar/​gkw12​59.

	 68.	 Sauer LM, Cánovas R, Roche D, Shams-Eldin H, Ravel P, Colinge J, 
Schwarz RT, Ben Mamoun C, Rivals E, Cornillot E. FT-GPI, a highly 
sensitive and accurate predictor of GPI-anchored proteins, reveals the 
composition and evolution of the GPI proteome in Plasmodium species. 
Malar J. 2023;22(1):27. https://​doi.​org/​10.​1186/​s12936-​022-​04430-0.

	 69.	 Herraiz T, Guillén H, González-Peña D, Arán VJ. Antimalarial quino-
line drugs inhibit β-hematin and increase free hemin catalyzing 
peroxidative reactions and inhibition of cysteine proteases. Sci Rep. 
2019;9(1):15398. https://​doi.​org/​10.​1038/​s41598-​019-​51604-z.

	 70.	 Girmaw F, Ashagrie G. Evaluation of the anti-malarial activity of the 
crude root extract and solvent fraction of Sesamum indicum (Fabaceae). 
J Exp Pharmacol. 2023;15:163–75. https://​doi.​org/​10.​2147/​JEP.​S4075​57.

	 71.	 Ayalew M, Atnafie SA, Bekele A. Antimalarial activity of solvent frac-
tions of a leaf of Eucalyptus globulus labill against Plasmodium berghei 
infected mice. BMC Complement Med Ther. 2022;22(1):221. https://​doi.​
org/​10.​1186/​s12906-​022-​03702-1.

	 72.	 Fentahun S, Makonnen E, Awas T, Giday M. In vivo antimalarial activity 
of crude extracts and solvent fractions of leaves of Strychnos mitis in 
Plasmodium berghei infected mice. BMC Complement Altern Med. 
2017;17:1–12. https://​doi.​org/​10.​1186/​s12906-​016-​1529-7.

	 73.	 Foret MK, Lincoln R, Do Carmo S, Cuello AC, Cosa G. Connecting the 
“dots”: from free radical lipid autoxidation to cell pathology and disease. 
Chem Rev. 2020;120(23):12757–87. https://​doi.​org/​10.​1021/​acs.​chemr​
ev.​0c007​61.

	 74.	 Cocco L, Follo MY, Manzoli L, Suh PG. Phosphoinositide-specific phos-
pholipase C in health and disease. J Lipid Res. 2015;56(10):1853–60. 
https://​doi.​org/​10.​1194/​jlr.​R0579​84.

	 75.	 Sims R, Van Der Lee SJ, Naj AC, Bellenguez C, Badarinarayan N, Jakobs-
dottir J, Kunkle BW, Boland A, Raybould R, Bis JC, Martin ER. Rare coding 
variants in PLCG2, ABI3, and TREM2 implicate microglial-mediated 
innate immunity in Alzheimer’s disease. Nat Gene. 2017;49(9):1373–84. 
https://​doi.​org/​10.​1038/​ng.​3916.

	 76.	 Katan M, Cockcroft S. Phospholipase C families: Common themes and 
versatility in physiology and pathology. Prog Lipid Res. 2020;80: 101065. 
https://​doi.​org/​10.​1016/j.​plipr​es.​2020.​101065.

	 77.	 Sander WJ, O’Neill HG, Pohl CH. Prostaglandin E2 as a modulator of viral 
infections. Front Physiol. 2017;8: 240454. https://​doi.​org/​10.​3389/​fphys.​
2017.​00089.

	 78.	 Ricke-Hoch M, Stelling E, Lasswitz L, Gunesch AP, Kasten M, Zapatero-
Belinchón FJ, Brogden G, Gerold G, Pietschmann T, Montiel V, Balligand 
JL. Impaired immune response mediated by prostaglandin E2 
promotes severe COVID-19 disease. PLoS ONE. 2021;16(8): e0255335. 
https://​doi.​org/​10.​1371/​journ​al.​pone.​02553​35.

	 79.	 Gupta M, Kumar S, Kumar R, Kumar A, Verma R, Darokar MP, Rout P, 
Pal A. Inhibition of heme detoxification pathway in malaria parasite 
by 3-hydroxy-11-keto-β-boswellic acid isolated from Boswellia serrata. 
Biomed Pharmacother. 2021;144: 112302. https://​doi.​org/​10.​1016/j.​
biopha.​2021.​112302.

	 80.	 Mekuria AB, Geta M, Birru EM, Gelayee DA. Antimalarial activity of seed 
extracts of Schinus molle against Plasmodium berghei in mice. J Evid 
Based Integr Med. 2021;26:2515690X20984287. https://​doi.​org/​10.​
1177/​25156​90X20​984287.

	 81.	 Czechowski T, Rinaldi MA, Famodimu MT, Van Veelen M, Larson TR, 
Winzer T, Rathbone DA, Harvey D, Horrocks P, Graham IA. Flavonoid 
versus artemisinin anti-malarial activity in Artemisia annua whole-leaf 
extracts. Front Plant Sci. 2019;10: 459056. https://​doi.​org/​10.​3389/​fpls.​
2019.​00984.

	 82.	 Chaniad P, Techarang T, Phuwajaroanpong A, Plirat W, Viriyavejakul 
P, Septama AW, Punsawad C. Antimalarial efficacy and toxicological 
assessment of medicinal plant ingredients of Prabchompoothaweep 
remedy as a candidate for antimalarial drug development. BMC 
Complement Med Ther. 2023;23(1):12. https://​doi.​org/​10.​1186/​
s12906-​023-​03835-x.

	 83.	 Kumatia EK, Zoiku FK, Asase A, Tung NH. Anti-malarial activity of the 
alkaloid, heptaphylline, and the furanocoumarin, imperatorin, from 
Clausena anisata against human Plasmodium falciparum malaria 
parasites: ex vivo trophozoitocidal, schizonticidal and gametocy-
tocidal approach. Malar J. 2023;22(1):264. https://​doi.​org/​10.​1186/​
s12936-​023-​04678-0.

https://doi.org/10.1038/s41598-022-14391-8
https://doi.org/10.1038/s41598-022-14391-8
https://doi.org/10.1128/AAC.01292-16
https://doi.org/10.1128/AAC.01292-16
https://doi.org/10.3390/ijms24010501
https://doi.org/10.3390/ijms24010501
https://doi.org/10.1016/j.jep.2005.08.006
https://doi.org/10.1016/j.jep.2005.08.006
https://doi.org/10.1080/00034983.1970.11686683
https://doi.org/10.1080/00034983.1970.11686683
https://doi.org/10.1016/0014-4894(65)90012-3
https://doi.org/10.1016/0014-4894(65)90012-3
https://doi.org/10.1080/00034983.1980.11687360
https://doi.org/10.1016/j.jtcme.2021.11.004
https://doi.org/10.1016/j.jtcme.2021.11.004
https://doi.org/10.1038/nrd1416
https://doi.org/10.1016/j.jtcme.2014.07.002
https://doi.org/10.1016/j.jtcme.2014.07.002
https://doi.org/10.1128/AAC.01995-20
https://doi.org/10.1128/AAC.01995-20
https://doi.org/10.1371/journal.pone.0267671
https://doi.org/10.1371/journal.pone.0267671
https://doi.org/10.1186/1741-7007-11-67
https://doi.org/10.1111/mmi.12496
https://doi.org/10.1093/nar/gkw1259
https://doi.org/10.1093/nar/gkw1259
https://doi.org/10.1186/s12936-022-04430-0
https://doi.org/10.1038/s41598-019-51604-z
https://doi.org/10.2147/JEP.S407557
https://doi.org/10.1186/s12906-022-03702-1
https://doi.org/10.1186/s12906-022-03702-1
https://doi.org/10.1186/s12906-016-1529-7
https://doi.org/10.1021/acs.chemrev.0c00761
https://doi.org/10.1021/acs.chemrev.0c00761
https://doi.org/10.1194/jlr.R057984
https://doi.org/10.1038/ng.3916
https://doi.org/10.1016/j.plipres.2020.101065
https://doi.org/10.3389/fphys.2017.00089
https://doi.org/10.3389/fphys.2017.00089
https://doi.org/10.1371/journal.pone.0255335
https://doi.org/10.1016/j.biopha.2021.112302
https://doi.org/10.1016/j.biopha.2021.112302
https://doi.org/10.1177/2515690X20984287
https://doi.org/10.1177/2515690X20984287
https://doi.org/10.3389/fpls.2019.00984
https://doi.org/10.3389/fpls.2019.00984
https://doi.org/10.1186/s12906-023-03835-x
https://doi.org/10.1186/s12906-023-03835-x
https://doi.org/10.1186/s12936-023-04678-0
https://doi.org/10.1186/s12936-023-04678-0


Page 25 of 26Evbuomwan et al. BMC Complementary Medicine and Therapies           (2025) 25:73 	

	 84.	 Afolayan FI, Adegbolagun O, Mwikwabe NN, Orwa J, Anumudu C. 
Cytokine modulation during malaria infections by some medicinal 
plants. Sci Afr. 2020;8: e00428. https://​doi.​org/​10.​1016/j.​sciaf.​2020.​
e00428.

	 85.	 Ogugua VN, Okagu IU, Onuh OM, Uzoegwu PN. Commercial herbal 
preparations ameliorate Plasmodium berghei NK65-induced aberrations 
in mice. J Vector Borne Dis. 2019;56(2):146–53. https://​doi.​org/​10.​4103/​
0972-​9062.​263722.

	 86.	 Elebiyo TC, Oluba OM, Adeyemi OS. Anti-malarial and haematological 
evaluation of the ethanolic, ethyl acetate and aqueous fractions of 
Chromolaena odorata. BMC Complement Med Ther. 2023;23(1):402. 
https://​doi.​org/​10.​1186/​s12906-​023-​04200-8.

	 87.	 Kotepui M, Punsawad C, Kotepui KU, Somsak V, Phiwklam N, Phun-
Phuech B. Prevalence of malarial recurrence and hematological altera-
tion following the initial drug regimen: a retrospective study in Western 
Thailand. BMC Public Health. 2019;19:1–8. https://​doi.​org/​10.​1186/​
s12889-​019-​7624-1.

	 88.	 White NJ. Anaemia and malaria. Malar J. 2018;17(1):371. https://doi.
org/10.1186/s12936-018-2509-9.

	 89.	 Lakkavaram A, Lundie RJ, Do H, Ward AC, de Koning-Ward TF. Acute 
Plasmodium berghei mouse infection elicits perturbed erythropoiesis 
with features that overlap with anemia of chronic disease. Front Micro-
biol. 2020;11: 513612. https://​doi.​org/​10.​3389/​fmicb.​2020.​00702.

	 90.	 Milner EM, Kariger P, Pickering AJ, Stewart CP, Byrd K, Lin A, Rao G, 
Achando B, Dentz HN, Null C, Fernald LC. Association between malaria 
infection and early childhood development mediated by anemia in 
rural Kenya. Int J Environ Res Public Health. 2020;17(3):902. https://​doi.​
org/​10.​3390/​ijerp​h1703​0902.

	 91.	 McKenzie FE, Prudhomme WA, Magill AJ, Forney JR, Permpanich B, 
Lucas C, Gasser RA Jr, Wongsrichanalai C. White blood cell counts 
and malaria. J Infect Dis. 2005;192(2):323–30. https://​doi.​org/​10.​1086/​
431152.

	 92.	 Mohandas N, An X. Malaria and human red blood cells. Med Microbiol 
Immunol. 2012;201:593–8. https://​doi.​org/​10.​1007/​s00430-​012-​0272-z.

	 93.	 Scaccabarozzi D, Deroost K, Corbett Y, Lays N, Corsetto P, Salè FO, 
Van den Steen PE, Taramelli D. Differential induction of malaria liver 
pathology in mice infected with Plasmodium chabaudi AS or Plas-
modium berghei NK65. Malar J. 2018;17:1–9. https://​doi.​org/​10.​1186/​
s12936-​017-​2159-3.

	 94.	 Burda PC, Crosskey T, Lauk K, Zurborg A, Soehnchen C, Liffner B, Wilcke 
L, Pietsch E, Strauss J, Jeffries CM, Svergun DI. Structure-based iden-
tification and functional characterization of a lipocalin in the malaria 
parasite Plasmodium falciparum. Cell Rep. 2020;31(12). https://​doi.​org/​
10.​1016/j.​celrep.​2020.​107817.

	 95.	 Rahbari M, Rahlfs S, Jortzik E, Bogeski I, Becker K. H2O2 dynamics in 
the malaria parasite Plasmodium falciparum. PLoS ONE. 2017;12(4): 
e0174837. https://​doi.​org/​10.​1371/​journ​al.​pone.​01748​37.

	 96.	 Counihan NA, Modak JK, de Koning-Ward TF. How malaria parasites 
acquire nutrients from their host. Front Cell Dev Biol. 2021;9: 649184. 
https://​doi.​org/​10.​3389/​fcell.​2021.​649184.

	 97.	 Thomas DC. The phagocyte respiratory burst: Historical perspectives 
and recent advances. Immunol Lett. 2017;192:88–96. https://​doi.​org/​10.​
1016/j.​imlet.​2017.​08.​016.

	 98.	 Adeoye A, Bewaji CO. Chemopreventive and remediation effect of 
Adansonia digitata L. Baobab (Bombacaceae) stem bark extracts in 
mouse model malaria. J Ethnopharmacol. 2018;210:31–8. https://​doi.​
org/​10.​1016/j.​jep.​2017.​08.​025.

	 99.	 Enechi OC, Amah CC, Okagu IU, Ononiwu PC, Nweke AC, Ugwuanyi 
TC, Ajibo EA, Nweze AC, Chukwurah BC. Sida acuta Burm f leaves 
ethanol extract ameliorates haematological and biochemical altera-
tions induced by Plasmodium berghei ANKA-65 in mice. Clin Phytosci. 
2021;7:1–12. https://​doi.​org/​10.​1186/​s40816-​021-​00317-w.

	100.	 Kotepui M, Mahittikorn A, Anabire NG, Kotepui KU. Impact of malaria on 
glutathione peroxidase levels: A systematic review and meta-analysis. 
Sci Rep. 2023;13(1):13928. https://​doi.​org/​10.​1038/​s41598-​023-​41056-x.

	101.	 Imlay JA. Pathways of oxidative damage. Annu Rev Microbiol. 
2003;57(1):395–418. https://​doi.​org/​10.​1146/​annur​ev.​micro.​57.​030502.​
090938.

	102.	 Karagianni C, Bazopoulou D. Redox regulation in lifespan determina-
tion. J Biol Chem. 2024;300(3): 105761. https://​doi.​org/​10.​1016/j.​jbc.​
2024.​105761.

	103.	 Bartesaghi S, Radi R. Fundamentals on the biochemistry of peroxynitrite 
and protein tyrosine nitration. Redox Biol. 2018;14:618–25. https://​doi.​
org/​10.​1016/j.​redox.​2017.​09.​009.

	104.	 Beckman JS, Beckman TW, Chen J, Marshall PA, Freeman BA. Appar-
ent hydroxyl radical production by peroxynitrite: implications for 
endothelial injury from nitric oxide and superoxide. Proc Natl Acad Sci. 
1990;87(4):1620–4. https://​doi.​org/​10.​1073/​pnas.​87.4.​1620.

	105.	 Singh DK, Cheema HS, Saxena A, Singh S, Darokar MP, Bawankule DU, 
Shanker K, Luqman S. Fraxetin and ethyl acetate extract from Lawsonia 
inermis L. ameliorate oxidative stress in P. berghei infected mice by 
augmenting antioxidant defence system. Phytomed. 2017;36:262–72. 
https://​doi.​org/​10.​1016/j.​phymed.​2017.​09.​012.

	106.	 Camara A, Haddad M, Reybier K, Traoré MS, Baldé MA, Royo J, Baldé 
AO, Batigne P, Haidara M, Baldé ES, Coste A. Terminalia albida treatment 
improves survival in experimental cerebral malaria through reactive 
oxygen species scavenging and anti-inflammatory properties. Malar J. 
2019;18:1–15. https://​doi.​org/​10.​1186/​s12936-​019-​3071-9.

	107.	 Macáková K, Afonso R, Saso L, Mladěnka P. The influence of alkaloids on 
oxidative stress and related signaling pathways. Free Radic Biol Med. 
2019;134:429–44. https://​doi.​org/​10.​1016/j.​freer​adbio​med.​2019.​01.​026.

	108.	 Alamzeb M, Shah SW, Hussain H, Zahoor M, Ahmad S, Mughal EU, 
Ahmad S, Ullah I, Khan S, Ullah A, Ghias M. Beneficial effects of natural 
alkaloids from Berberis glaucocarpa as antidiabetic agents: An In Vitro, In 
Silico, and In Vivo Approach. ACS Omega. 2024;9:9813–22. https://​doi.​
org/​10.​1021/​acsom​ega.​3c102​32.

	109.	 Woodford J, Shanks GD, Griffin P, Chalon S, McCarthy JS. The dynamics 
of liver function test abnormalities after malaria infection: a retrospec-
tive observational study. Am J Trop Med Hyg. 2018;98(4):1113. https://​
doi.​org/​10.​4269/​ajtmh.​17-​0754.

	110.	 Ajayi EI, Adeleke MA, Adewumi TY, Adeyemi AA. Antiplasmodial activi-
ties of ethanol extracts of Euphorbia hirta whole plant and Vernonia 
amygdalina leaves in Plasmodium berghei-infected mice. J Taibah Univ 
Sci. 2017;11(6):831–5. https://​doi.​org/​10.​1016/j.​jtusci.​2017.​01.​008.

	111.	 Das S, Rajkumari N, Chinnakali P. A comparative study assessing the 
effect of haematological and biochemical parameters on the patho-
genesis of malaria. J Parasit Dis. 2019;43(4):633–7. https://​doi.​org/​10.​
1007/​s12639-​019-​01142-2.

	112.	 Lei Y, Lu X, Duan X, Tang W, Wang Q. Bilirubin is a superior biomarker 
for hepatocellular carcinoma diagnosis and for differential diagnosis of 
benign liver disease. J Lab Med. 2023;47(5):233–41. https://​doi.​org/​10.​
1515/​labmed-​2023-​0023.

	113.	 Wu B, Wu Y, Tang W. Heme catabolic pathway in inflammation and 
immune disorders. Front Pharmacol. 2019;10: 453519. https://​doi.​org/​
10.​3389/​fphar.​2019.​00825.

	114.	 Medina-Caliz I, Robles-Diaz M, Garcia-Muñoz B, Stephens C, Ortega-
Alonso A, Garcia-Cortes M, González-Jimenez A, Sanabria-Cabrera JA, 
Moreno I, Fernandez MC, Romero-Gomez M. Definition and risk factors 
for chronicity following acute idiosyncratic drug-induced liver injury. J 
Hepatol. 2016;65(3):532–42. https://​doi.​org/​10.​1016/j.​jhep.​2016.​05.​003.

	115.	 Katsoulis O, Georgiadou A, Cunnington AJ. Immunopathology of 
acute kidney injury in severe malaria. Front Immunol. 2021;12: 651739. 
https://​doi.​org/​10.​3389/​fimmu.​2021.​651739.

	116.	 Conroy AL, Datta D, Hoffmann A, Wassmer SC. The kidney–brain patho-
genic axis in severe falciparum malaria. Trends Parasitol. 2023;39(3):191–
9. https://​doi.​org/​10.​1016/j.​pt.​2023.​01.​005.

	117.	 Yeo TW, Weinberg JB, Lampah DA, Kenangalem E, Bush P, Chen Y, 
Price RN, Young S, Zhang HY, Millington D, Granger DL. Glycocalyx 
breakdown is associated with severe disease and fatal outcome in 
Plasmodium falciparum malaria. Clin Infect Dis. 2019;69(10):1712–20. 
https://​doi.​org/​10.​1093/​cid/​ciz038.

	118.	 Bush MA, Anstey NM, Yeo TW, Florence SM, Granger DL, Mwaikambo 
ED, Weinberg JB. Vascular dysfunction in malaria: understanding the 
role of the endothelial glycocalyx. Front Cell Dev Biol. 2021;9: 751251. 
https://​doi.​org/​10.​3389/​fcell.​2021.​751251.

	119.	 Daher ED, da Silva Junior GB, Trivedi M, Fayad T, Srisawat N, Nair S, 
Siriyasatien P, de Lacerda MV, Baptista MA, Vankalakunti M, Jha V. Kidney 
complications of parasitic diseases. Nat Rev Nephrol. 2022;18(6):396–
406. https://​doi.​org/​10.​1038/​s41581-​022-​00558-z.

	120.	 Khovidhunkit W, Kim MS, Memon RA, Shigenaga JK, Moser AH, 
Feingold KR, Grunfeld C. Effects of infection and inflammation on lipid 
and lipoprotein metabolism: mechanisms and consequences to the 

https://doi.org/10.1016/j.sciaf.2020.e00428
https://doi.org/10.1016/j.sciaf.2020.e00428
https://doi.org/10.4103/0972-9062.263722
https://doi.org/10.4103/0972-9062.263722
https://doi.org/10.1186/s12906-023-04200-8
https://doi.org/10.1186/s12889-019-7624-1
https://doi.org/10.1186/s12889-019-7624-1
https://doi.org/10.3389/fmicb.2020.00702
https://doi.org/10.3390/ijerph17030902
https://doi.org/10.3390/ijerph17030902
https://doi.org/10.1086/431152
https://doi.org/10.1086/431152
https://doi.org/10.1007/s00430-012-0272-z
https://doi.org/10.1186/s12936-017-2159-3
https://doi.org/10.1186/s12936-017-2159-3
https://doi.org/10.1016/j.celrep.2020.107817
https://doi.org/10.1016/j.celrep.2020.107817
https://doi.org/10.1371/journal.pone.0174837
https://doi.org/10.3389/fcell.2021.649184
https://doi.org/10.1016/j.imlet.2017.08.016
https://doi.org/10.1016/j.imlet.2017.08.016
https://doi.org/10.1016/j.jep.2017.08.025
https://doi.org/10.1016/j.jep.2017.08.025
https://doi.org/10.1186/s40816-021-00317-w
https://doi.org/10.1038/s41598-023-41056-x
https://doi.org/10.1146/annurev.micro.57.030502.090938
https://doi.org/10.1146/annurev.micro.57.030502.090938
https://doi.org/10.1016/j.jbc.2024.105761
https://doi.org/10.1016/j.jbc.2024.105761
https://doi.org/10.1016/j.redox.2017.09.009
https://doi.org/10.1016/j.redox.2017.09.009
https://doi.org/10.1073/pnas.87.4.1620
https://doi.org/10.1016/j.phymed.2017.09.012
https://doi.org/10.1186/s12936-019-3071-9
https://doi.org/10.1016/j.freeradbiomed.2019.01.026
https://doi.org/10.1021/acsomega.3c10232
https://doi.org/10.1021/acsomega.3c10232
https://doi.org/10.4269/ajtmh.17-0754
https://doi.org/10.4269/ajtmh.17-0754
https://doi.org/10.1016/j.jtusci.2017.01.008
https://doi.org/10.1007/s12639-019-01142-2
https://doi.org/10.1007/s12639-019-01142-2
https://doi.org/10.1515/labmed-2023-0023
https://doi.org/10.1515/labmed-2023-0023
https://doi.org/10.3389/fphar.2019.00825
https://doi.org/10.3389/fphar.2019.00825
https://doi.org/10.1016/j.jhep.2016.05.003
https://doi.org/10.3389/fimmu.2021.651739
https://doi.org/10.1016/j.pt.2023.01.005
https://doi.org/10.1093/cid/ciz038
https://doi.org/10.3389/fcell.2021.751251
https://doi.org/10.1038/s41581-022-00558-z


Page 26 of 26Evbuomwan et al. BMC Complementary Medicine and Therapies           (2025) 25:73 

host. J Lipid Res. 2004;45(7):1169–96. https://​doi.​org/​10.​1194/​jlr.​R3000​
19-​JLR200.

	121.	 Visser BJ, Wieten RW, Nagel IM, Grobusch MP. Serum lipids and lipo-
proteins in malaria - a systematic review and meta-analysis. Malar J. 
2013;12:1–16. https://​doi.​org/​10.​1186/​1475-​2875-​12-​442.

	122.	 Kluck GE, Wendt CH, Imperio GE, Araujo MF, Atella TC, da Rocha I, 
Miranda KR, Atella GC. Plasmodium infection induces dyslipidemia 
and a hepatic lipogenic state in the host through the inhibition of the 
AMPK-ACC pathway. Sci Rep. 2019;9(1):14695. https://​doi.​org/​10.​1038/​
s41598-​019-​51193-x.

	123.	 Sriwiphat S, Nakhinchat S, Chachiyo S, Srichairatanakool S, Uthaipibull 
C, Somsak V. Modulation of total cholesterol and triglyceride in Plasmo-
dium berghei infected mice by aqueous crude extract of Andrographis 
paniculata. J Health Res. 2015;29(2):10–20.

	124.	 Enechi OC, Okagu IU, Ezumezu CP. Methanol extract of Peltopho-
rum pterocarpum stem bark modulates Plasmodium berghei ANKA 
65-Induced hypoglycemia and lipid dysfunction in Mice. J Herbs Spices 
Med Plants. 2021;27(2):218–27. https://​doi.​org/​10.​1080/​10496​475.​2021.​
18911​82.

	125.	 Siddiqi HS, Mehmood MH, Rehman NU, Gilani AH. Studies on the 
antihypertensive and antidyslipidemic activities of Viola odorata leaves 
extract. Lipids Health Dis. 2012;11:1–12. https://​doi.​org/​10.​1186/​
1476-​511X-​11-6.

	126.	 Oloyede HO, Bello TO, Ajiboye TO, Salawu MO. Antidiabetic and antidys-
lipidemic activities of aqueous leaf extract of Dioscoreophyllum cum-
minsii (Stapf ) Diels in alloxan-induced diabetic rats. J Ethnopharmacol. 
2015;166:313–22. https://​doi.​org/​10.​1016/j.​jep.​2015.​02.​049.

	127.	 Ojo OA, Oni AI, Grant S, Amanze J, Ojo AB, Taiwo OA, Maimako RF, 
Evbuomwan IO, Iyobhebhe M, Nwonuma CO, Osemwegie O. Antidia-
betic activity of elephant grass (Cenchrus purpureus (Schumach.) Mor-
rone) via activation of PI3K/AkT signaling pathway, oxidative stress inhi-
bition, and apoptosis in Wistar rats. Front Pharmacol. 2022;13:845196. 
https://​doi.​org/​10.​3389/​fphar.​2022.​845196.

	128.	 Hunt NH, Grau GE. Cytokines: accelerators and brakes in the pathogen-
esis of cerebral malaria. Trends Immunol. 2003;24(9):491–9. https://​doi.​
org/​10.​1016/​S1471-​4906(03)​00229-1.

	129.	 Prakash D, Fesel C, Jain R, Cazenave PA, Mishra GC, Pied S. Clusters 
of cytokines determine malaria severity in Plasmodium falciparum–
infected patients from endemic areas of Central India. J Infect Dis. 
2006;194(2):198–207. https://​doi.​org/​10.​1086/​504720.

	130.	 Kalliolias GD, Ivashkiv LB. TNF biology, pathogenic mechanisms and 
emerging therapeutic strategies. Nat Rev Rheumatol. 2016;12(1):49–62. 
https://​doi.​org/​10.​1038/​nrrhe​um.​2015.​169.

	131.	 Henrici RC, Sautter CL, Bond C, Opoka RO, Namazzi R, Datta D, Ware 
RE, Conroy AL, John CC. Decreased parasite burden and altered host 
response in children with sickle cell anemia and severe anemia with 
malaria. Blood Adv. 2021;5(22):4710–20. https://​doi.​org/​10.​1182/​blood​
advan​ces.​20210​04704.

	132.	 Ngo QT, Tran PT, Tran MH, Kim JA, Rho SS, Lim CH, Kim JC, Woo MH, 
Choi JS, Lee JH, Min BS. Alkaloids from Piper nigrum exhibit anti-inflam-
matory activity via activating the Nrf2/HO1 pathway. Phytother Res. 
2017;31(4):663–70. https://​doi.​org/​10.​1002/​ptr.​5780.

	133.	 Maleki SJ, Crespo JF, Cabanillas B. Anti-inflammatory effects of flavo-
noids. Food Chem. 2019;299: 125124. https://​doi.​org/​10.​1016/j.​foodc​
hem.​2019.​125124.

	134.	 National Research Council. Guide for the Care and Use of Laboratory 
Animals. 8th ed. Washington, DC: The National Academies Press; 2011.

	135.	 Percie du Sert N, Hurst V, Ahluwalia A, Alam S, Avey MT, Baker M, 
Browne WJ, Clark A, Cuthill IC, Dirnagl U, Emerson M. The ARRIVE guide-
lines 2.0: Updated guidelines for reporting animal research. PLoS Biol. 
2020;18(7):e3000410. https://​doi.​org/​10.​1371/​journ​al.​pbio.​30004​10.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1194/jlr.R300019-JLR200
https://doi.org/10.1194/jlr.R300019-JLR200
https://doi.org/10.1186/1475-2875-12-442
https://doi.org/10.1038/s41598-019-51193-x
https://doi.org/10.1038/s41598-019-51193-x
https://doi.org/10.1080/10496475.2021.1891182
https://doi.org/10.1080/10496475.2021.1891182
https://doi.org/10.1186/1476-511X-11-6
https://doi.org/10.1186/1476-511X-11-6
https://doi.org/10.1016/j.jep.2015.02.049
https://doi.org/10.3389/fphar.2022.845196
https://doi.org/10.1016/S1471-4906(03)00229-1
https://doi.org/10.1016/S1471-4906(03)00229-1
https://doi.org/10.1086/504720
https://doi.org/10.1038/nrrheum.2015.169
https://doi.org/10.1182/bloodadvances.2021004704
https://doi.org/10.1182/bloodadvances.2021004704
https://doi.org/10.1002/ptr.5780
https://doi.org/10.1016/j.foodchem.2019.125124
https://doi.org/10.1016/j.foodchem.2019.125124
https://doi.org/10.1371/journal.pbio.3000410

	Aqueous extract of Enantia chlorantha Oliv. demonstrates antimalarial activity and improves redox imbalance and biochemical alterations in mice
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Collection and authentication of plant
	Plant extraction procedure
	Experimental animals
	Phytochemical screening of E. chlorantha aqueous stem extract (EcASBE)
	Qualitative phytochemical screening
	Quantitative phytochemical evaluation
	Quantification of alkaloid
	Quantification of flavonoid
	Quantification of glycosides
	Quantification of saponin
	Quantification of terpenoids
	In vivo acute oral toxicity test (median lethal dosage, LD50) of EcASBE
	Grouping and dosing of experimental animals

	In vivo investigation of antimalarial activities of EcASBE
	Preparation of standard inoculum and parasite inoculation

	Curative (Rane’s) test
	Prophylactic (Repository) test
	Four-day suppressive test
	Parasitaemia measurement
	Monitoring of body weight and temperature changes
	Packed cell volume (PCV) measurement
	Determination of haematological, biochemical indices and proinflammatory marker in experimental mice
	Biochemical assays
	Serum biochemical assays
	Tissue homogenate total protein and redox assays
	Determination of serum level of proinflammatory marker
	Evaluation of the relationship between parasitaemia and antioxidant enzyme activities and inflammation 

	Haematological analysis
	Statistical analysis


	Results
	Phytochemical constituents of EcASBE
	Acute oral toxicity of EcASBE
	Effects of EcASBE on body weights, rectal temperatures and PCV of mice
	Antimalarial activity of EcASBE in P. berghei-infected mice
	Effects of EcASBE on P. berghei-infected host biochemical alterations
	Effects of EcASBE on serum liver enzymatic activities, and serum bilirubin and albumin levels in P. berghei-infected mice
	Effects of EcASBE on serum kidney indices in P. berghei-infected mice
	Effects of EcASBE on the lipid profile and inflammation in P. berghei-infected mice
	Effects of EcASBE on redox balance and protein level in tissues of P. berghei-infected mice

	Relationship between parasitaemia and the activities of the antioxidant enzymes and levels of proinflammation cytokine
	Effects of EcASBE on haematological parameters in P. berghei-infected mice


	Discussion
	Conclusion
	Acknowledgments
	References


