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Abstract. Malaria parasite resistance against Artemisinin-based Combination Therapy (ACT) in some parts of the world
necessitates the search for antimalarial compounds or plant extracts with novel mode of action and active against the chloroquine-
resistant strain of the parasite to serve as alternative to ACT. Cysteine protease inhibitors’ fraction of the methanol extract of
the root bark of Securidaca longepedunculata (CPI) was investigated for antiplasmodial activity against chloroquine-resistant
P. berghei-infected mice and its inhibitory effect on papain, P. berghei cysteine proteases and heme biocystallization were also
evaluated. The methanol extract of the root bark was obtained by soxhlet extraction with 1,000 mL of 70% (v/v) methanol for 48
hours and concentrated to dryness at 45∘C. CPI was obtained using PBS (pH 7) extraction followed by cold acetone precipitation.
Peter’s four-day suppressive and Rane’s four-day curative test was employed to assess the antimalarial potentials of CPI. Data
was analysed with one way ANOVA followed by Dunnett’s post hoc test, differences were considered significant at p≤0.05. The
suppressive effect of CPI was significant (p≤0.05) at 34 and 23 mg/kg doses. Doses of 34, 23 and 11 mg/kg produced significant
(p≤0.05) dose-dependent curative effect. CPI inhibited the proteolytic activity of papain enzyme and P. berghei cysteine proteases
in vitro with IC50 values of 20.1 and 5.6 𝜇g/mL respectively. The present study showed that cysteine protease inhibitors fraction of
the methanol extract of the root bark of Securidaca longepedunculata is a potential source of novel antimalarial agents that could
target malaria parasite cysteine proteases.
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1. Introduction

Malaria continues to be a major public threat worldwide
especially in Africa; it is a protozoan disease that is caused
by parasite of the protozoan genus Plasmodium. According
to the latest report from the World Health Organization
(WHO), malaria was responsible for the death of 445,000
people around the world in the year 2016, most of which
occurred in Africa and mostly affected children under the
age of five [1]. Five species of Plasmodium have been
identified as the causative agent of the disease in humans;

Plasmodium falciparum, Plasmodium vivax, Plasmodium
malariae, Plasmodium knowlesi and Plasmodium ovale [2].

Recent reports of resistant isolate of human malaria
parasites against the Artemisinin-based Combination Ther-
apy [3, 4] which are the current first-line drugs for the
management of the disease necessitate the search for novel
antimalarial drugs. The two major classes of antimalarial
drugs; artemisinins and quinines were discovered from plant
sources [5, 6], hence the need to explore medicinal plant for
novel antimalarial compounds. Inhibition of malaria parasite
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cysteine proteases which are proteolytic enzymes necessary
for the parasite survival in human host [7] is currently
being studied as ideal target for developing new therapeutic
agents. Malaria parasite cysteine protease inhibitors from
plant sources are currently being evaluated for antimalarial
potentials [8, 9].

The degradation of host hemoglobin by the parasite pro-
teases released heme moieties which are toxic to the parasite
and challenged its survival [10]. The parasite evolved several
heme detoxification strategies one of which is the conversion
of toxic heme to non-toxic hemozoin. Blocking the heme
- hemozoine conversion pathway is the major antimalarial
mechanisms of the quinolones such as chloroquine and many
antimalarial herbal remedies [10–12].

Securidaca longepedunculata is used in the treatment of
a variety of ailments by traditional healers in many parts of
the world; in Nigeria, the plant is called Uwar magunguna
(mother of all medicines) in Hausa language because of
its usefulness in treating various ailments. The methanol
extract of the root bark of S. longepedunculata possessed
potent activity against the chloroquine-sensitive strain of P.
berghei parasite [13, 14]. Previous studies also showed that
the plant is active against venereal diseases and syphilis
[15], infections related to nervous and circulatory systems
[16], skin cancer, skin infections, dysentery, typhoid and
frequent stomach ache [17, 18], various parts of Securidaca
longepedunculata are used against various diseases but roots
are the most used part [19].

The aim of the present study is to evaluate the in
vivo antimalarial potentials of cysteine protease inhibitors’
fraction from the methanol extract of the root bark of
Securidaca longepedunculata in chloroquine-resistant P.
berghei-infected Swiss Albino mice and its inhibitory effect
on papain, P. berghei proteases and heme biocystallization.

2. Materials andMethods

2.1. Chemicals and reagents. Hemin chloride, cysteine
HCl and sodium acetate buffer were bought from Sigma
Aldrich (USA). Chloroquine diphosphate and artemether
were bought from Jiangsu Pengyao Pharmaceuticals Co.,
Ltd. (China). All other chemicals and reagents used were
of analytical grade. These include, DMSO, PBS (pH 6 and
7.6), NaOH, EDTA, papain, gelatin, saponin, Triton-X100,
giemsa, 70% (v/v) methanol, Dragendorff’s reagent, ferric
chloride, chloroform, 10% (v/v) ammonia, glacial acetic
acid, sulphuric acid, acetic anhydride, acetone, 10% (v/v)
Molisch’s reagent, TCA and trisodium citrate.

2.2. Plant materials. The plant specimen comprising the
leaves attached to the stalk and roots of Securidaca longepe-
dunculata (Figure 1) was obtained behind Area BZ, Ahmadu
Bello University (A.B.U) quarters, Samaru Sabon Gari local
government area of Kaduna State, Nigeria on the 5𝑡ℎ July,

2016. The plant sample was identified in the herbarium unit
of the Department of Botany, A.B.U., by comparing with
existing specimen (Voucher specimen number: 1402).

2.3. Experimental animals. Swiss Albino mice of both sexes
with an average weight of 20.23 ± 2.92 g were obtained
from the Department of Veterinary Parasitology, National
Veterinary Research Institute (NVRI), Vom, Plateau state,
Nigeria. The animals were kept under standard laboratory
conditions, fed with standard diet and water ad libitum
in accordance with the Guide for the Care and Use of
Laboratory Animals [20]. Ethical approval for the use of
animals was granted by A.B.U committee on animal use and
care with approval number: ABUCAUC/2018/018.

2.4. Parasite. Chloroquine-resistant Plasmodium berghei
(ANKA) was obtained from Malaria Research Labora-
tory, Institute of Advanced Medical Research and Training
(IMRAT) College of Medicine, University of Ibadan. The
strain was maintained for the period of the study by serial
blood passage from mouse to mouse.

2.5. Methanol extraction. The plant material was air-dried
at room temperature for 2 weeks, pulverized in a mortar,
and sieved to fine powder. About 208.60 g of the powdered
material was used for the extraction. The methanol extract of
the root bark of Securidaca longepedunculata was obtained
by soxhlet extraction using 1,000 mL of 70% (v/v) methanol
for 48 hours. The extract was concentrated to dryness at 45∘C
using rotary evaporator.

2.6. Isolation of cysteine protease inhibitors from the
methanol extract. The method employed in the isolation of
cysteine protease inhibitors from the methanol extract was
closely similar to that of Bijina et al., [21]; 50 mL of 0.1 M
phosphate buffer (pH 7) was added to 5 g of crude methanol
extract, and the mixture was placed on a rotary shaker for
20 min at 30 rpm for complete dissolution. The resulting
solution was centrifuged at 10,000×g for 15 min at 4oC. The
supernatant was pooled together and the pellet was discarded.
Acetone at 0oCwas added to the supernatant at ratio 4:1 with
gentle stirring. Precipitate obtained after the cold acetone
precipitation was air-dried and stored at 0oC as the CPI
fraction.

2.7. Phytochemical screening. The phytochemical con-
stituents of CPI were determined according to the method
described by Evans [22].

2.8. Acute toxicity testing. Acute toxicity test of the extract
was carried out according to the method describe by Lorkes
[23]. In the first phase of the experiment, 9 mice were divided
into three groups of 3 each. Groups 1, 2 and 3 mice were
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Figure 1: Securidaca longepedunculata in its natural habitat behind Area BZ, A.B.U. Quarters, Samaru Zaria, Nigeria.

administered with varying doses of 10, 100 and 1,000 mg/kg,
respectively and the animals were observed for signs of
toxicity and death within the first 4 hours and after 24 hours,
respectively. In the second phase of the experiment, 4 mice
were administered different doses based on the result of the
first phase and were observed for any possible death after 24
hours. The LD50 was calculated using the formula:

LD50 = √minimal lethal dose ×maximal survival dose.

2.9. Inhibition of β-hematin synthesis. 𝛽-hematin assay was
carried out according to the method described by Basilico
et al., [24]. A solution of hematin chloride consisting of
6.5 mM 𝛽-hematin in 40% DMSO was used. 50 𝜇L of
CPI and chloroquine of varying concentrations; 0.5, 1, 2,
and 4 mg/mL in triplicates were incubated with 50 𝜇L of
hematin chloride solution for 20 min at 37oC. 100𝜇L of
sodium acetate and 25 𝜇L of 17.4 M glacial acetic acid (pH
2.6) were added to initiate polymerization, and the reaction
was allowed to continue for 48 hours at 37oC for complete
polymerization. The resulting solution was then centrifuged
at 10,000xg for 5 min and the supernatant was discarded. The
pellet was washed three times with 200 𝜇L DMSO until a
clear supernatant was obtained. The pellet was dissolved with
200 𝜇L of 0.1 M NaOH and the absorbance was recorded by
a micro well plate reader at a wavelength of 630 nm [12]. The
results were expressed as percentage inhibition of 𝛽-hematin
synthesis and the IC50 values of test extract was calculated
from inhibition versus concentration graph.

Inhibition (%) = 𝐴𝑜−𝐴𝑖
𝐴𝑜

× 100
𝐴0 = Absorbance without inhibitor
𝐴𝑖 = Absorbance with inhibitor

2.10. Effect of cysteine protease inhibitors on papain. Papain
(0.1 g) was dissolved in 100 mM PBS (pH 6.8). The
enzyme was activated by the addition of 100 𝜇L of 10 mM
cysteine-HCl and 100 𝜇L of 5 mM EDTA, and the final
volume was made up to 10 mL with 100 mM PBS pH
(6.8).

Enzyme assay was carried out according to the method
described by Amlabu et al., [8]. About 100 𝜇L of CPI
with concentrations, 1, 5, 7, 10, 20 and 30 𝜇g/mL in
triplicates were incubated with 100 𝜇L of enzyme (1%
papain) for 30 min at 37oC. About 200 𝜇L of 3% gelatin
(Prepared in PBS pH 6.8) was then added to start proteolysis
reaction. The mixture of enzyme and substrate was incubated
for 90 min at 37oC. After incubation, the reaction was
stopped by addition of 400 𝜇L 20% (w/v) trichloroacetic
acid and placed on a rotary shaker for 2 min at 30 rpm for
complete precipitation of proteins, blank tube was prepared
by adding 400 𝜇L of 20% (w/v) trichloroacetic acid to the
mixture of enzyme and CPI before the substrate was added.
The precipitated protein was removed by centrifugation
at 10,000×g and the absorbance of the supernatant was
recorded at 280 nm. Result was expressed as percent-
age inhibition of enzyme activity and the IC50 values of
CPI were calculated from inhibition versus concentration
graph;
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Inhibition (%) = 𝐴0−𝐴𝑖
𝐴0

× 100
𝐴0 = Absorbancewithout inhibitor
𝐴𝑖 = Absorbancewith inhibitor.

2.11. Isolation of P. berghei cysteine proteases. Isolation of
P. berghei cysteine proteases from parasitized red blood cells
of P. berghei-infected mice was carried out according to the
method described by Amlabu et al., [8]. Eight mice infected
with chloroquine-resistant P. berghei (ANKA) with a rising
parasitemia level of 10 % were euthanized and their blood
collected in 3.8% (w/v) sodium citrate in PBS (pH 7.2). The
blood was centrifuged at 10,000×g for 10 min; plasma and
buffy coat were removed by aspiration using a 200-2000 𝜇L
pipette. The red blood cells were washed four times with
cold (0oC) 0.1 M PBS (pH 7.2) until a clear supernatant
was obtained, the supernatant was discarded and the pellet
constitute infected red blood cells isolate.

The infected red blood cells were incubated with 0.1%
(w/v) saponin in PBS (pH 7.2) in the ratio of one part pellet
to three part saponin for 60 min at 4oC, the resulting solution
which consist of 100% lysed erythrocytes was centrifuged at
10,000×g for 15 min, the supernatant was discarded and the
pellets were washed three times in 200 mM sodium acetate
buffer (pH 4.0) until a clear supernatant was obtained, the
pellets constitute P. berghei parasite isolate.

The parasite isolate was incubated with 0.5% (v/v) Triton
X-100 in Tris-buffer saline for 90 min at 4oC, the resulting
solution after incubation was centrifuged at 10,000×g for 30
min at 4oC, the pellet was re-extracted with Triton X-100
and the supernatant was pooled together as the crude enzyme
isolate and was stored at about 4oC for enzyme assay.

2.12. Plasmodium berghei cysteine proteases enzyme inhi-
bition assay. Enzyme assay was carried out according to
the method described by Amlabu et al., [8]. 100 𝜇L of
CPI with concentrations, 1, 5, 7, 10, 20 and 30 𝜇g/mL in
triplicates were incubated with 100 𝜇L of enzyme in 500
𝜇L sodium acetate buffer (pH 4.0) for 30 min at 37oC.
About 200 𝜇L of 3% (w/v) gelatin prepared in PBS (pH 6.8)
was then added to start proteolysis reaction, the mixture of
enzyme and substrate was incubated for 90 min at 37oC.
After incubation the reaction was stopped by addition of 400
𝜇L 20% (w/v) TCA and placed on a rotary shaker for 2
min at 30 rpm for complete precipitation of protein, blank
was prepared by adding 400 𝜇L of 20% (w/v) trichloroacetic
acid to the mixture of enzyme and CPI before the addition
of the substrate. The precipitated protein was removed by
centrifugation at 10,000×g for 10 min and the absorbance
of the supernatant was recorded at 280 nm. Result was
expressed as percentage inhibition of enzyme activity and
the IC50 values of CPI were calculated from inhibition versus
concentration graph;

Inhibition (%) = 𝐴0−𝐴𝑖
𝐴0

× 100
𝐴0 = Absorbancewithout inhibitor
𝐴𝑖 = Absorbancewith inhibitor

2.13. Antimalarial studies. The doses of CPI used in the
present study were 10, 20 and 30% of the LD50 equivalent
of 34, 23 and 11 mg/kg.

2.13.1. Inoculation of mice. A donor mouse with a rising
parasitemia of 20% was euthanized and its blood collected in
EDTA bottle and diluted with normal saline so that each 0.2
mL contained approximately 1.0×107 infected red blood cells
[25]. The experimental animals were infected with standard
inoculum of 1.0× 107 parasitized erythrocytes in volumes of
0.2 mL intraperitoneally.

2.13.2. Suppressive test. Four-day suppressive test was car-
ried out according to the method described by Peter and
Anatoli [25]. Twenty five (25) mice of both sexes with an
average weight of 20 g were infected with standard inoculum
of the parasite and divided weight dependently into five
groups of five mice each. Group’s 1-3 mice received, 34,
23 and 11 mg/kg equivalent to 10, 20 and 30% of the LD50
respectively. Group 4 mice received 2 mg/kg of standard
antimalarial drug artemether and group 5 received 10 ml/kg
normal saline. Treatment commenced 2 hours after parasite
inoculation and continued for 3 consecutive days. On the 4th
day, blood was collected for parasitemia determination.

2.13.3. Curative test. Four-day curative test was carried out
according to the method described by Peter and Ryley [26].
Twenty five (25) mice of both sexes with an average weight
of 20 g were infected with standard inoculum of the parasite
and divided weight dependently into five groups of five
mice each. Group’s 1-3 mice received, 34, 23 and 11 mg/kg
equivalent to 10, 20 and 30% of the LD50 respectively.
Group 4 mice received 2 mg/kg of standard antimalarial drug
artemether and group 5 received 10 ml/kg normal saline.
Treatment commenced 72 hours after parasite inoculation
and continued for 3 consecutive days. On the 4th day, blood
was collected for parasitemia determination.

2.13.4. Preparation of thin blood smear and parasitemia
determination. Thin smears of blood films were collected
from the tail end of each mouse on day four, the smears
were placed on microscope slides and stained with 10%
Giemsa dye and examined under a light microscope at ×
1,000 magnifications under oil emersion to assess the level
of parasitemia;



Egyptian Journal of Basic and Clinical Pharmacology 5

Parasitemia (%) = Average of parasitizedRBC in five fields
Average of RBC in five fields

× 100

Suppression (%) = 𝑃𝑜 − 𝑃𝑡.
𝑃𝑜

× 100

Curative (%) = 𝑃𝑜 − 𝑃𝑡.
𝑃𝑜

× 100

𝑃𝑜 = Parasitemia of control (normal saline) group
𝑃𝑡. = Parasitemia of treated groups.

2.14. Packed cell volume determination. Heparinized capil-
lary tubes were filled with blood to about two-third of their
lengths. The vacant end of each of the capillary tubes was
sealed to protect the blood from spilling. The tubes were
placed in hematocrit centrifuge with seal side towards the
periphery and then centrifuged for 5-6 min. The percentage
of packed cell volume was read from hematocrit reader [27].

2.15. Determination of Biochemical Parameters. The activ-
ities of Alanine Amino Transferase (ALT), Aspartate Amino
Transferase (AST) and Alkaline Phosphate (ALP) were
determined in serum using Randox kit (UK), Spectrum diag-
nostics kit (Egypt) and Agappe diagnostic kit (Switzerland),
respectively, according to the manufacturer’s protocol.

Reduced glutathione (GSH) assay was carried out accord-
ing to the method described by Rajagopalan et al., [28]. The
principle of the assay is based on the reaction of 5, 5’-dithio-
bis-2-nitrobenzoic acid (DNTB) and reduced glutathione.
About 1.5 mL of 10% TCA was added to 150 𝜇L of serum
(in PBS, pH 7.4) and centrifuged at 1,500 x g for 5 min. 1
mL of the supernatant was treated with 0.5 mL of Ellmans
reagent and 3 mL of phosphate buffer (0. 2 M, pH 8.0). The
absorbance was recorded at 412 nm. The quantity of GSH
was obtained from the graph of the GSH standard curve.

Catalase activity (CAT) was measured according to the
method described by Abel [29]. Catalase in serum catalyses
the decomposition of hydrogen peroxide into water and
oxygen molecules.

H2O2(l)
Cat.⟶ H2O(aq) + O2(g)

About 10 𝜇L of serum was added to 5 mM potassium
phosphate buffer (pH 7.0). About 0.1 mM of freshly prepared
30mMhydrogen peroxide was added to start the reaction and
the decomposition of hydrogen peroxide was recorded by UV
spectrophotometer at 240 nm wavelength for 5 min. A molar
extinction coefficient (E) of 0.041 mM−1.cm−1 was used to
calculate catalase activity.

Cat = Absorbance
E

.

2.16. Statistical analysis. The data obtained were expressed
as means ± SD and analyzed with SPSS version 20. One way
analysis of variance (ANOVA) with subsequent Dunnett’s
post hoc test was carried out. Differences were considered
significant at p≤0.05. Data was presented as tables or charts
as appropriate.

3. Results

3.1. Extraction yield. The extraction of 208.6 g powdered
material of the root bark of Securidaca longepedunculata
with methanol gave 126.30 g of the extract which represents
a yield of 60.50%. About 5 g of the methanol extract of the
root bark gave 0.7 g of cysteine protease inhibitors fraction
(CPI) which represent a yield of 14%.

3.2. Phytochemical analysis. Preliminary phytochemical
screening revealed the presence of flavonoids, cardiac
glycoside and saponins (Table 1). Alkaloids, tannins,
anthraquinones, steroids and triterpenes were absent .

Table 1: Phytochemical constituents of cysteine protease inhibitors
fraction.

Constituent Inference
Alkaloids -
Tannins -
Steroid and Triterpens -
Flavonoids +
Cardiac glycosides +
Saponins +
Anthraquinones -
+ = present, - = absent.

3.3. Acute toxicity testing. The intraperitoneal median lethal
dose of CPI was estimated to be 113.13 mg/kg. Breathing
abnormalities, rolling movement, hind limb extension and
unconsciousness were observed within the first four hours of
the experiment.

3.4. Inhibitory effect of cysteine protease inhibitors’ fraction
on β-hematin polymerization. Cysteine protease inhibitors
fraction failed to inhibit 𝛽-hematin polymerization with IC50
value of 23.9 mg/mL (Figure 2).

The standard drug chloroquine diphosphate inhibited 𝛽-
Hematin polymerization with IC50 value of 2.8 mg/mL
(Figure 3).

3.5. Inhibitory effect of cysteine protease inhibitors on papain
enzyme and P. berghei cysteine proteases. Cysteine protease
inhibitors fraction from the methanol extract of the root
bark of S. longepedunculata demonstrated potent in vitro
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Figure 2: Inhibitory activity of protease inhibitors fraction of S. longepedunculata on 𝛽-hematin polymerization. Values are means ± SD (n
= 3), CPI = Cysteine Protease Inhibitors, IC50 = Concentration of CPI that produced 50% inhibition of 𝛽-hematin polymerization.

Figure 3: Inhibitory activity of chloroquine diphosphate on 𝛽-hematin polymerization. Values are means ± SD (n = 3), CQ = Chloroquine
diphosphate, IC50 = Concentration of CQ that produced 50% inhibition of 𝛽-hematin polymerization.

Figure 4: Inhibitory activity of cysteine protease inhibitors of Securidaca longepedunculata on papain enzyme. Values are means ± SD (n
= 3), CPI = Cysteine Protease Inhibitors, IC50 = Concentration of CPI that produced 50% inhibition of Papain enzyme activity.
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Figure 5: Inhibitory activity of cysteine protease inhibitors of Securidaca longepedunculata on P. berghei cysteine proteases. Values are
means ± SD (n = 3), IC50 = Concentration of CPI that produced 50% inhibition of P. berghei cysteine protease enzyme activity, Pbcpr =
Plasmodium berghei cysteine proteases.

Figure 6: Effect of protease inhibitors fraction of S. longepedunculata on liver biomarkers in P. berghei-infected mice. CPI𝛼, CPI𝜖 and CPI𝜇
= Cysteine Protease Inhibitors at 34, 23 and 11 mg/kg respectively, ART = Artemether; 2 mg/kg, N/S = Normal Saline; 10 ml/kg, ALT =
Alanine amino transferase, AST = Aspartate amino transferase, ALP = Alkaline Phosphatase, Data presented are means ± SD (n = 4) and
analysed using one way ANOVA followed by Dunnett’s post hoc test * = Significant at (p≤0.05).

inhibition of papain enzyme activity with IC50 value of 20.1
𝜇g/mL (Figure 4).

The fraction also showed potent inhibition of P. berghei
cysteine proteases in vitro with IC50 value of 5.6 𝜇g/mL
(Figure 5).

3.6. Suppressive and curative effect of cysteine protease
inhibitors fraction of S. longepedunculata in chloroquine-
resistant P. berghei-infected mice. CPI produced non-dose
dependent suppression of parasitaemia with the highest (34
mg/kg) and median (23 mg/kg) doses producing significant
(p≤0.05) suppression. The standard drug, artemether (2
mg/kg), gave the highest significant (p≤0.05) parasitaemia
suppression when compared with normal saline control
group (Table 2).

Table 2: Suppressive effect of cysteine protease inhibitors’ fraction
of S. longepedunculata in chloroquine-resistant P. berghei-infected
Mice.

Treatment (/kg) Parasitemia (%) Chemosuppression (%)
CPI (34 mg) 2.93 ± 1.08∗ 44.43
CPI (23 mg) 2.61 ± 1.36∗ 50.43
CPI (11 mg) 4.72 ± 1.49 10.38
Artemether (2 mg) 1.38 ± 0.49∗ 73.77
N/S (10 mL) 5.27 ± 1.21 –
Data presented are means ± SD and analysed using one way
ANOVA followed by Dunnett’s post hoc test. Values with the
superscript ∗ differs significantly (p≤0.05) from the normal
saline group within the same column; CPI = Cysteine protease
inhibitors, N/S = Normal Saline.
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Figure 7: Effect of cysteine protease inhibitors on reduced glutathione levels in P. berghei-infected Mice. CPI𝛼, CPI𝜖 and CPI𝜇 = Cysteine
Protease Inhibitors at 34, 23 and 11 mg/kg respectively, ART = Artemether; 2 mg/kg, N/S = Normal Saline; 10 ml/kg, GSH = Reduced
Glutathione, Data presented are means± SD (n = 4) and analysed using one way ANOVA followed by Dunnett’s post hoc test * = Significant
at (p≤0.05).

Figure 8: Effect of cysteine protease inhibitors on catalase levels in P. berghei-infected Mice. CPI𝛼, CPI𝜖 and CPI𝜇 = Cysteine Protease
Inhibitors at 34, 23 and 11 mg/kg respectively, ART = Artemether; 2 mg/kg, N/S = Normal Saline; 10 ml/kg, Data presented are means ±
SD (n = 4) and analysed using one way ANOVA followed by Dunnett’s post hoc test * = Significant at (p≤0.05).

CPI showed dose dependent significant (p≤0.05) curative
effect with the highest dose (34 mg/kg) producing the highest
curative effect of 59.77% (Table 3). The standard drug
artemether (2 mg/kg) showed 81.89% curative effect.

3.7. Changes in body weight of Mice infected with P.
berghei and treated with cysteine protease inhibitors of S.
longepedunculata. Mice infected with chloroquine-resistant
P. berghei parasite and treated with CPI showed no signifi-
cant (p≤0.05) change in body weight on day 4 compared to
the normal saline group (Table 4). However the percentage
decrease in body weight of all treated groups on day 4 was
slightly greater than that of the normal saline group (8.24%).
CPI group (23 mg/kg) produced the highest percentage

decrease in body weight of 12.65. While artemether group
showed the lowest decrease in weight (7.65%).

3.8. Changes in pack cell volume (PCV) of Mice infected
with P. berghei and treated with cysteine protease inhibitors
of S. longepedunculata. The control group showed a 10.7%
decrease in pack cell volume (PCV) on day 4 (Table 5). CPI
at 34, 23 and 11mg/kg has demonstrated significant (p≤0.05)
protection ability against loss in PCV. Treatment with 34
mg/kg and 11 mg/kg produced 2.11 and 8.02% increase in
PCV respectively.

3.9. Effect of cysteine protease inhibitors on some biochem-
ical and antioxidant parameters in P. berghei-infected mice.
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Table 3: Curative effect of cysteine protease inhibitors’ fraction
of S. longepedunculata in chloroquine-resistant P. berghei-infected
Mice.

Treatment (/kg) Parasitemia (%) Curative (%)
CPI (34 mg) 3.07 ± 0.83∗ 59.77
CPI (23 mg) 3.22 ± 1.00∗ 57.73
CPI (11 mg) 3.49 ± 0.85∗ 54.18
Artemether (2 mg) 1.38 ± 0.49∗ 81.89
N/S (10 mL) 7.62 ± 2.50 –
Data presented are means ± SD and analysed using one way
ANOVA followed by Dunnett’s post hoc test. Values with the
superscript ∗ differs significantly (p≤0.05) from the normal
saline group within the same column, CPI = Cysteine protease
inhibitors, N/S = Normal Saline.

Table 4: Changes in body weight of Mice infected with P. berghei
and treated with cysteine protease inhibitors of S. longepedunculata.

Treatment (/kg) Weight (g) Decrease (%)
D0 D4

CPI (34 mg) 20.75 ± 4.92 18.25 ± 4.50 12.04
CPI (23 mg) 19.75 ± 2.99 17.25 ± 2.06 12.65
CPI (11 mg) 19.25 ± 1.26 17.50 ± 1.29 9.09
Artemether (2 mg) 20.25 ± 2.06 18.70 ± 2.31 7.65
N/S (10 mL) 19.4 ± 2.61 17.8 ± 2.68 8.24
Data presented are means ± SD and analysed using one way
ANOVA. Values with the superscript ∗ differs significantly
(p≤0.05) from the normal saline group within the same
column; CPI = Cysteine protease inhibitors, N/S = Normal
Saline, D0 = First-day of drug administration, D4 = Fourth-
day of drug administration.

Table 5: Changes in pack cell volume of Mice infected with
P. berghei and treated with cysteine protease inhibitors of S.
longepedunculata.

Treatment (/kg) PCV (%) Change (%)
D0 D4

CPI (34 mg) 45.5 ± 3.87 47.50 ± 3.42∗ +2.11
CPI (23 mg) 44.25 ± 2.63 45.25 ± 2.50∗ +2.20
CPI (11 mg) 43.00 ± 2.58 46.75 ± 2.99∗ +8.02
Normal Saline (10 mL) 41.4 ± 3.44 37.4 ± 2.41 -10.7
Data presented are means ± SD and analysed using one way
ANOVA followed by Dunnett’s post hoc test. Values with the
superscript ∗ differs significantly (p≤0.05) from the normal
saline group within the same column; CPI = Cysteine protease
inhibitors, D0 = First-day of drug administration, D4 = Fourth-
day of drug administration.

There was no significant difference (p≤0.05) in serum levels
of ALT in treated mice compare to the normal saline group.
However, AST and ALP serum levels were significantly
(p≤0.05) reduced in 34, 23 and 11 mg/kg CPI treated groups
(Figure 6). Artemether (2mg/kg) treated group also produced
significant (p≤0.05) reduction in the levels of AST and ALP.

Only 0.28 mg/kg CPI-treated group showed significant
(p≤0.05) increase in the levels of GSH compared to the
normal saline group (Figure 7).

Mice infected with chloroquine-resistant P. berghei and
treated with CPI showed no significant change (p≤0.05) in
the serum levels of catalase compared to the normal saline
group on day 4 (Figure 8).

4. Discussion

It was earlier reported that about 80% of the world’s
population relied on medicinal plants for their primary
health care [30]. With the discovery of artemisinins from
Artemisia annua and quinines from Cinchona tree bark
[5, 6] nature has proven to be a reliable source of novel
antimalarial compounds. These necessitate the search for
more novel antimalarial drugs from plant sources. Malaria
parasites species that cause human disease are unable to
infect non primate animal models [31, 32]. The use of P.
berghei-infected mice as in vivo model for testing putative
antimalarial compounds or extracts is supported by the
identification of several conventional antimalarial drugs like
chloroquine, halofantrine, mefloquine and artemisinins [31,
32], the use of in vivo models in drug testing takes into
account pro-drug effect and any possible involvement of the
immune system.

The 4-day suppressive test is commonly used for anti-
malarial screening and the determination of percent inhi-
bition of parasitaemia is the most reliable parameter [25].
Rodentmodels to test for antimalarial potential of compounds
against chloroquine-resistant parasite have been developed
to facilitate search for novel compounds or extracts that are
active against the resistant strain [33, 34]. The methanol
extract of the root bark of Securidaca longepedunculata
was chosen because of the potent antimalarial activity
demonstrated against the chloroquine-sensitive parasite in
earlier studies [13, 14].

Based on the classification ofMatsumura [35] and Corbett
[36], CPI is moderately toxic. The doses of CPI administered
in both the suppressive and curative tests were less than one-
third of its LD50 value and were well tolerated. This is in line
with the findings of Dikasso et al., [37], that the therapeutic
dose of a test substance should be less than one-third of
its LD50 value. CPI demonstrated significant curative effect
in chloroquine-resistant P. berghei-infected Swiss Albino
mice. Antiplasmodial activity has been related to a range
of several classes of secondary plant metabolites including
alkaloids, flavonoids, tannins, steroids and triterpenes [38].
The presence of flavonoids could be responsible for the
antiplamodial activity observed. Parasite cysteine proteases
are involved in the process of erythrocyte invasion [39],
therefore, extract rich in cysteine protease inhibitors are good
candidates for suppression of parasitaemia as demonstrated
by CPI fraction in the present study. This is in line with
a previous study where cysteine protease inhibitors from



10 Egyptian Journal of Basic and Clinical Pharmacology

Calotropis procera demonstrated good suppressive effect in
P. berghei-infected mice [9]. The standard drug artemether
showed very good suppressive and curative effects which is
consistent with previous studies [13, 14].

CPI did not significantly protect against loss in body
weight of P. berghei-infected mice in the present study.
According toVasantha et al., [40] the presence of phytochem-
icals like flavonoids is a characteristic feature of any plant
extract with appetite suppressant ability. It could be that CPI
fraction contains large quantities of flavonoids. The slight
weight reduction observed with the infected and untreated
mice on day 4 of the study is in line with earlier reports
that reduction in body weight is one of the signs of malaria
infection in mice [41].

In the present study, the 10.7% reduction in PCV on day
4 observed in the control group is another sign of malaria
infection as stated by Langhorne et al., [41]. Animals suffer
from anaemia because of red blood cells destruction, either
by parasite multiplication or by spleen reticuloendotelial cell
action [42]. Oxidative stress has been reported to be another
reason for the development of anaemia [43]. The significant
increase in the levels of PCV in mice treated with CPI is in
line with the findings of Ovuakporaye [44], which stated that
plants with antimalarial property always increase the levels of
the blood elements. The presence of flavonoids in CPI may
have contributed to the observed increase in PCV due to their
established antioxidant properties. According to Emeka and
Obioa [45], extract that increases or protects against loss in
PCV may contain constituents that trigger the production of
more blood cells.

There is a liver stage in the life cycle of the parasite in
the course of malaria disease progression [46]. The elevated
levels of ALP and AST in the infected untreated group may
be attributed to damage to the liver via oxidative stress upon
infection or release of merozoites. The significant reduction
in the levels of AST and ALP in CPI-treated groups is in
line with the report of Rabia et al., [47] that plants with
flavonoids possess hepatoprotective and antioxidant ability.
The significant elevation in the levels of GSH in CPI suggests
that CPI possessed antioxidant potentials.

According to Basilico et al., [24], a compound could be
considered to have heme polymerization inhibitory activity
if it has heme polymerization inhibitory IC50 value smaller
than the limit of chloroquine diphosphate, i.e., 12 mg/mL.
Therefore, CPI fraction with IC50value >12 mg/mL did
not demonstrate in vitro 𝛽-hematin inhibitory activity. It
was earlier reported that alkaloids are the major class of
phytochemicals with 𝛽-hematin inhibitory activity [10]. The
absence of alkaloids could be responsible for the inability
of the CPI fraction to inhibit 𝛽-hematin polymerization.
Although CPI fraction did not possess heme polymerization
inhibitory activity yet it has demonstrated very good curative
and suppressive activities against the parasite. These findings
suggest that inhibition of heme polymerization is most likely
not the primary mechanism of action of CPI against P.

berghei parasite. Extracts or compounds with IC50 values
less than 23 𝜇g/mL were described as possessing excellent
activity against the standard protease papain [48]. Based on
this, it can be deduced that CPI fraction possessed potent
activity against papain and P. berghei cysteine proteases.

5. Conclusion

Cysteine protease inhibitors fraction from the methanol
extract of the root bark of Securidaca longepedunculata
possessed potent suppressive and curative effect against
chloroquine-resistant P. berghei parasite. Inhibition of heme
biocrystallization is most likely not its primary mechanism
of action. The fraction also demonstrated potent inhibition of
P. berghei cysteine proteases in vitro which suggest that it
may be acting via inhibition of parasite cysteine proteases. It
could be a source of novel antimalarial compounds that will
target malaria parasite cysteine proteases. Further studies are
needed to identify and characterized bioactive compounds
responsible for these activities.

Competing Interests

The authors declare no competing interests.

References

[1] WHO, World malaria report, Geneva: World Health Organiza-
tion, 2017.

[2] A. Calderaro, G. Piccolo, C. Gorrini et al., “A New Real-Time
PCR for the Detection of Plasmodium ovale wallikeri,” PLoS
ONE, vol. 7, no. 10, Article ID e48033, 2012.

[3] C. J. Woodrow and N. J. White, “The clinical impact of
artemisinin resistance in Southeast Asia and the potential for
future spread,” FEMSMicrobiology Reviews, vol. 41, no. 1, pp.
34–48, 2017.

[4] F. Lu, R. Culleton, M. Zhang et al., “Emergence of indigenous
artemisinin-resistant Plasmodium falciparum in Africa,” The
New England Journal of Medicine, vol. 376, no. 10, pp. 991–
993, 2017.

[5] D. L. Klayman, “An antimalarial drug from China,” Science,
vol. 228, no. 4703, pp. 1049–1055, 1985.

[6] B. David and R. M. Y. Jacoby, “Encyclopedia of family health,”
3rd edition edition, 2005.

[7] J. D. Dvorin, D. C. Martyn, S. D. Patel et al., “A plant-like
kinase in plasmodium falciparum regulates parasite egress from
erythrocytes,” Science, vol. 328, no. 5980, pp. 910–912, 2010.

[8] E. Amlabu, A. J. Nok, H. M. Inuwa, B. C. Akin-Osanaiye,
and E. Haruna, “Cysteine protease from the malaria parasite,
Plasmodium berghei-purification and biochemical characteri-
zation,” Journal of Cell and Molecular Biology, vol. 9, no. 2,
pp. 43–49, 2011.

[9] A. Abdulkadir, I. Umar, S. Ibrahim, E. Onyike, and A. Kabiru,
“Cysteine Protease Inhibitors from Calotropis procera with
Antiplasmodial Potential in Mice,” Journal of Advances in
Medical and Pharmaceutical Sciences, vol. 6, no. 3, pp. 1–13,
2016.



Egyptian Journal of Basic and Clinical Pharmacology 11

[10] B. L. Tekwani and L. A. Walker, “Targeting the hemozoin
synthesis pathway for new antimalarial drug discovery: Tech-
nologies for in vitro β-hematin formation assay,”Combinatorial
Chemistry & High Throughput Screening, vol. 8, no. 1, pp. 63–
79, 2005.

[11] S. Q. Toh, A. Glanfield, G. N. Gobert, and M. K. Jones, “Heme
and blood-feeding parasites: Friends or foes?” Parasites &
Vectors, vol. 3, no. 1, 2010.

[12] M. Saritha, K. Koringa, U. Dave, and D. Gatne, “A modified
precise analytical method for anti-malarial screening: Heme
polymerization assay,” Molecular and Biochemical Parasitol-
ogy, vol. 201, no. 2, Article ID 10913, pp. 112–115, 2015.

[13] Y. Haruna, H. O. Kwanashie, J. A. Anuka, S. E. Atawodi,
and I. M. Hussaini, “In vivo antimalarial activity of methanol
root extract of Securidaca longepedunculata in mice infected
with Plasmodium berghei,” International Journal of Modern
Biology and Medicine, vol. 3, no. 1, pp. 7–16, 2013.

[14] O. O. Douglas, S. F. Dossaji, M. N. Joseph, and M. A.
Elijah, “Antimalarial activity and acute toxicity of four plants
traditionally used in treatment of malaria inMsambweni district
of Kenya,” European International Journal of Science and
Technology, vol. 3, p. 7, 2014.

[15] A.Maroyi, “Traditional use of medicinal plants in south-central
Zimbabwe: review and perspectives,” Journal of Ethnobiology
and Ethnomedicine, vol. 9, article 31, 2013.

[16] T.I. Borokini, M. Clement, N.J. Dickson and D.E. Edagbo,
Ethnobiological survey of traditional medicine practice for
circulatory and nervous system related diseases in Oyo State,
Nigeria, Journal of Herbal Medicine, vol. 2, no. 6, pp. 111-120,
2013.

[17] A. A. Mustapha, “Ethno-medico-botanical uses of Securidaca
longepedunculata fresen (family-polygalaceae) fromKeffi local
government, Nasarawa state, Nigeria,” Journal of Natural
Remedies, vol. 13, no. 2, pp. 133–137, 2013.

[18] A. A. Mustapha, “Ethno-medicinal field study of anti-fertility
medicinal plants used by the local people in Keffi local
government, Nasarawa State, Nigeria,” International Journal of
Medicinal Plants Research, vol. 2, no. 5, pp. 215–218, 2013b.

[19] G. A. Alitonou, A. Y. Koudoro, J. S. Dangou et al.,
“Volatile constituents and biological activities of essential oil
from Securidaca longependunculata Fres. growing in Benin,”
Biotechnology Food Industry, vol. 13, no. 1, pp. 33–42, 2012.

[20] Guide for the Care and Use of Laboratory Animals,
Eighth ed., https://www.pittsburgh.va.gov/Research/docs/
Guide_8thEdition.pdf (Accessed 4 April 2016).

[21] B. Bijina, S. Chellappan, J. G. Krishna et al., “Protease inhibitor
from Moringa oleifera with potential for use as therapeutic
drug and as seafood preservative,” Saudi Journal of Biological
Sciences, vol. 18, no. 3, pp. 273–281, 2011.

[22] W. C. Evans and G. E. Trease, “Phytochemicals,” in Pharma-
cognosy, Saunders Publishers, London, 2002.

[23] D. Lorke, “A new approach to practical acute toxicity testing,”
Archives of Toxicology, vol. 54, no. 4, pp. 275–287, 1983.

[24] N. Basilico, E. Pagani, D. Monti, P. Olliaro, and D. Taramelli,
“A microtitre-based method for measuring the haem poly-
merization inhibitory activity (HPIA) of antimalarial drugs,”
Journal of Antimicrobial Chemotherapy, vol. 42, no. 1, pp. 55–
60, 1998.

[25] I. T. Peter and V. K. Anatoli, “The current global malaria sit-
uation malaria parasite biology, pathogenesisand protection,”
American Society of Microbiology, pp. 11–22, 1998.

[26] J. F. Ryley and W. Peters, “The antimalarial activity of
some quinolone esters,” Annals of Tropical Medicine and
Parasitology, vol. 64, no. 2, pp. 209–222, 1970.

[27] J. V. Dacie and S. M. Lewis, Practical haematology, Ninth ed.,
Churchill Livingstone, 2000.

[28] R. Rukkumani, K. Aruna, P. S. Varma, K. N. Rajasekaran, and
V. P. Menon, “Comparative effects of curcumin and an analog
of curcumin on alcohol and PUFA induced oxidative stress,”
Journal of Pharmacy & Pharmaceutical Sciences, vol. 7, no.
2, pp. 274–283, 2004.

[29] H. Abel, Catalase in method of enzymatic analysis, Academic
Press, New York, pp. 673–684, 1974.

[30] O. J. Owolabi, E. K. I. Omogbai, and O. Obasuyi, “Antifungal
and antibacterial activities of the ethanolic and aqueous extract
of Kigelia africana (Bignoniaceae) stem bark,” African Journal
of Biotechnology, vol. 6, no. 14, pp. 1677–1680, 2007.

[31] B. S. Kalra, S. Chawla, P. Gupta, and N. Valecha, “Screening
of antimalarial drugs: an overview,” Indian Journal of Pharma-
cology, vol. 38, no. 1, pp. 5–12, 2006.

[32] D. A. Fidock, P. J. Rosenthal, S. L. Croft, R. Brun, and
S. Nwaka, “Antimalarial drug discovery: Efficacy models for
compound screening,” Nature Reviews Drug Discovery, vol. 3,
no. 6, pp. 509–520, 2004.

[33] G.-H. Song, R. G. Andre, L. W. Scheibel et al., “Plasmodium
berghei: Sensitivity of chloroquine-resistant and chloroquine-
sensitive strains to irradiation and the effect of irradiated
malaria parasites on cytochrome P450-dependent monooxyge-
nases,” Research Communications in Molecular Pathology and
Pharmacology, vol. 90, no. 1, pp. 75–86, 1995.

[34] A. C. Ene, S. E. Atawodi, D. A. Ameh, H. O. Kwanashie, and P.
U. Agomo, “Experimental induction of chloroquine resistance
in Plasmodium berghei NK65,” Trends in Medical Research,
vol. 3, no. 1, pp. 16–23, 2008.

[35] F. Matsumura, Toxicology of insecticides. Plenum press New
York and London, pp. 24, 1975.

[36] J. R. Corbett, K. Wright, and A. C. Baillie, The Biochemical
mode of Action of pesticides, Second ed., Academic press,
London and New York, 1984.

[37] D. Dikasso, E. Makonnen, A. Debella et al., “In vivo anti-
malarial activity of hydroalcoholic extracts from Asparagus
africanus Lam. in mice infected with Plasmodium berghei,”
Ethiopian Journal of Health Development, vol. 20, no. 2, pp.
112–118, 2007.

[38] S. B. Christensen, and A. Kharazmi, Antimalarial natural
products: isolation, characterization and biological properties,
Bioactive Compounds from Natural Sources, Tringali, Ed.
2001. pp. 379–432. 2001.

[39] A. Dvorin, J.D. Martyn, D.C. Patel et al., “A plant-like
kinase in Plasmodium falciparum regulates parasite egress from
erythrocytes,” Science, vol. 80, pp. 910–912, 2010.

[40] H. P. V. Rupasinghe, S. Sekhon-Loodu, T. Mantso, and M.
I. Panayiotidis, “Phytochemicals in regulating fatty acid β-
oxidation: Potential underlying mechanisms and their involve-
ment in obesity and weight loss,” Pharmacology & Therapeu-
tics, vol. 165, pp. 153–163, 2016.

[41] J. Langhorne, S. J. Quin, and L. A. Sanni, Mouse models
of blood-stage malaria infections: Immune responses and
cytokines involved in protection and pathology. Malaria
Immunology. 2nd edition. Edited by Perlmann P, Troye-
BlombergM. Stockholm: Karger publisher, pp. 204–228, 2002.

https://www.pittsburgh.va.gov/Research/docs/Guide_8thEdition.pdf
https://www.pittsburgh.va.gov/Research/docs/Guide_8thEdition.pdf


12 Egyptian Journal of Basic and Clinical Pharmacology

[42] M. Chinchilla, OM. Guerrero, G. Abarca, M. Barrios, and
Castro., “OAn in vivo model to study the anti-malaric capacity
of plant extracts,” Revista de Biologφa Tropical, vol. 46, no. 1,
pp. 1–7, 1998.

[43] P. G. Kremsner, B. Greve, B. Lell, D. Luckner, and D. Schmid,
“Malarial anaemia in African children associated with high
oxygen-radical production,” The Lancet, vol. 355, no. 9197, pp.
40–41, 2000.

[44] S. I. Ovuakporaye, “Effect of malaria parasite on some
haematological parameters: Red blood cell count, packed cell
volume and haemoglobin concentration,” Journal of Medical
and Applied Bioscience, vol. 3, pp. 45–57, 2011.

[45] E. J. I. Emeka and O. Obidoa, “Effect of a long term consump-
tion of a diet supplemented with leaves Gongronema latifolium
Benth. on some biochemical and histological parameters in
maje albino rats,” Journal of Biological Sciences, vol. 9, no.
8, pp. 859–865, 2009.

[46] M. B. Markus, “Malaria: Origin of the Term “Hypnozoite”,”
Journal of the History of Biology, vol. 44, no. 4, pp. 781–786,
2011.

[47] R. Alghazeer, S. Elgahmasi, A. Elnfati et al., “Antioxidant
Activity and Hepatoprotective Potential of Flavonoids from
Arbutus pavarii against CCl4 Induced Hepatic Damage,”
Biotechnology Journal International, vol. 21, no. 1, pp. 1–12,
2018.

[48] J. Vadalia, S. Vekariya, M. Raval, and N. Sheth, “Screening of
some indigenous medicinal plants for their cysteine protease
inhibitory activity,” Indian Journal of Traditional Knowledge,
vol. 16, no. 3, pp. 476–481, 2017.


