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Abstract

The increased resistance of the malaria parasite to synthetic 
medications has increased the hunt for alternative treatment op-
tions derived from plants. The suppressive and preventive poten-
tials of Phyllanthus amarus extracts in Plasmodium berghei-infect-
ed mice were studied in this work. For five days, albino mice were 
given extract at three different concentrations (100, 200, and 400 
mg/kg/bwt.). The reference medications were 5 mg/kg bd wt. daily 
doses of artemether-lumefantrine and 5 mg/kg bd wt. daily doses 
of chloroquine, while the control mice got just the vehicle (normal 
saline) and were infected but not treated (negative control). The 
mice in the prophylactic groups were pretreated daily for five days 
before being challenged with inoculums of 1×107 chloroquine-sen-
sitive bacteria. P. berghei erythrocyte intraperitoneally.

Chemosupression was shown to be dose dependent in the ex-
tract-treated groups. The 400 mg/kg bd wt dose was more effec-
tive than the 100 and 200 mg kg bd wt doses in terms of parasite 
clearance. Chemosupression was considerably (p<0.001) greater in 
the Artemether-Lumefantrine (AL) and Chloroquine (CQ) treated 
groups than in the extract-treated groups. The Phyllanthus amarus 
extracts caused a significant decrease in parasitemia counts, which 
reduced the percentage parasitemia. When the AL and CQ extracts 
and 400 mg kg bd wt doses were compared to the controls, the 
Packed Cell Volume (PVC) increase significantly (p<0.05). This study 
found that Phyllanthus amarus leaf extracts exhibit significant anti-
malarial properties that could be useful in malaria
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Malaria is derived from the Medieval Italian word mala aria, 
which means "bad air," and was previously known as ague or 
marsh fever due to its relationship with marshes. Malaria is cur-
rently the most frequent tropical disease in the world. It has 
been infecting people for nearly 50,000 years and may have 
been a human pathogen throughout our species' history. During 
the first half of the twentieth century, malaria afflicted individu-
als from all walks of life in tropical and subtropical countries, 
becoming one of the most serious impediments to economic 
development [1].

Malaria is caused by Plasmodium parasites, which infect and 
kill human red blood cells [2]. Malaria continues to be a huge 
global burden on both public health and economic prosperity, 
with an estimated 217 million infections and 0.7 million fatali-
ties per year [2]. However, the real frequency of malaria is likely 

to be underestimated in certain significant endemic areas [3]. 
Malaria affects over 40% of the world's population. An estimat-
ed 1.2 billion persons are at high risk of transmission (1 case per 
1000 population), with half of them residing in African regions; 
80% of such cases are concentrated in 13 countries, with Ni-
geria, Congo, Ethiopia, Tanzania, and Kenya accounting for more 
than half [2]. One-fifth of all malaria cases in Africa are report-
ed in Nigeria [4]. Transmission occurs all year in the southern 
area of Nigeria, but is more seasonal in the north. Plasmodium 
falciparum, the most fatal infectious agent on the planet, is to 
blame for nearly all malaria infections in the country. Malaria 
treatment and control continue to rely mainly on antimalarial 
medications [5-8]. In Nigeria and throughout Africa, Artemisi-
nin Combination Therapy (ACT) has been utilized as the first-line 
treatment for uncomplicated malaria. ACTs have been proven 
to be highly efficient against Plasmodium parasites, with sev-
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eral being moderately effective against early stages of infection 
and mosquito transmission. Artemether-Lumefantrine (AL) is 
the most often used ACT in Nigeria and the African continent. 
Dihydroartemisinin-Piperaquine (DP) is more effective and has 
the advantages of easier dosage and a longer prophylactic pe-
riod [9].

Recent reports of Artemisinin resistance along the [10-12] 
emphasize the importance of alternate treatments. Plasmo-
dium falciparum has developed resistance to routinely used 
medicines such as chloroquine and ACT. Malaria remains one 
of the world's most lethal parasite infections. Malaria is most 
widespread in African and Asian developing or undeveloped 
countries, where it kills a lot of kids, especially kids under 
the age of five and pregnant women [9]. The annual mortal-
ity rate is currently estimated to be around 405,000 [9]. As a 
result, finding new antimalarial medications is crucial. Tropical 
rainforest plants, according to Balick (1996) [13], have higher 
concentrations of natural chemical defense and greater diver-
sity than plants from any other biome. Because Sub-Saharan 
African countries, including Nigeria, account for the majority of 
malaria-related deaths, there is a drive for study on plants na-
tive to these countries. This hypothesis is bolstered by the fact 
that major antimalarial drugs like quinine and artemisinin are 
derived from plants, Cinchona ledgeria and Artemisia annua, 
respectively.

Phyllanthus amarus is a Euphorbiaceae-related little erect 
tropical annual herb shrub with a green capsule that grows up 
to 10-50cm high and blooms with five white petals and an api-
cal acute anther (Spurge family). Green capsules and smooth, 
fruiting pedicels define this fruit. The seeds are rugose all the 
way down [15]. It grows as a weed on uncultivated soil and is 
called as "dobisowo," "ehinolobe," or "ehin olubisowo" in Ni-
geria's Yoruba region, "ngwu" by the Igbo tribe, and "buchioro" 
by the Asaba people [14].

Phyllanthus amarus is utilized for its hepatoprotective, anti-
diabetic, antihypertensive, analgesic, antiinflammatory, and an-
tibacterial effects, according to an ethnobotanical survey [15]. 
The herb is also used to cure digestive problems, skin diseases, 
and colds [16;17]. It possesses anti-diarrheal properties [18]. It 
inhibits the hepatitis B virus and has antiviral, anticarcinogenic, 
and antimutagenic effects [19, 20]. It also has antinociceptive, 
anti-diabetic, and antilipidemic properties [21;15].

Antibacterial, antiviral, chemoprotective, antimutagenic, 
and hypoglycemic activities are among the pharmacological 
activities of P. amarus. Immunomodulatory activity was discov-
ered in a methanol extract of P. amarus. Ellagitannins (geraniin 
and corilagin) have been found as the most powerful antiviral 
HIV mediators. P. amarus phyllanthin and hypophyllanthin were 
found to have anticancer characteristics in Swiss albino mice, as 
well as cytotoxic effects on K-562 cells, as well as hepatoprotec-
tive and antioxidant qualities [15]. Thus, the primary purpose of 
this work was to assess the suppressive and preventive effects 
of Phyllanthus amarus leaf extracts on Plasmodium berghei-
induced malaria models in mice.

Materials and Methods

Extraction of Plants

The Phyllanthus amarus leaves were properly cleansed in 
flowing tap water to remove soil particles and adherent debris 
before being washed with sterile distilled water at the Igbin-
edion University Campus. The leaves were separated and air-

dried for three weeks at room temperature. The dried leaves 
were pulverized into a fine powder using a high-speed electric 
blender. Five hundred grams of crushed leaves were steeped for 
24 hours in 1000 ml of distilled water and 100% ethanol, with 
intermittent agitation. The filtrates were concentrated using a 
rotary evaporator and freeze dryer after the ethanol and aque-
ous solutions were filtered through Whatman No.1 filter paper. 
The extracts' antiplasmodial activity was tested in mice using a 
Plasmodium berghei-induced malaria model.

Phytochemical Screening of Phyllanthus Amarus Leaf Ex-
tracts 

To determine the components of Phyllanthus amarus, etha-
nol and aqueous extracts were subjected to qualitative analysis 
using established techniques [22].

Acute Toxicity Determination 

The acute toxicity tests of the Phyllanthus amarus leaf ex-
tract in mice were carried out by determining their effective and 
median Lethal Dose (LD50) using the Lorke’s method [23].

Experimental Animals 

The animal house of the Institute of Advanced Medical Re-
search and Training (IAMRAT), College of Medicine, University 
of Ibadan, Ibadan, Oyo State, Nigeria, provided inbred male 
Swiss albino mice weighing 18-21g (mean weight, 20.4g). A 
total of 84 male mice were employed, separated into seven 
groups of three mice each depending on weight, and kept in 
various plastic cages with saw dust as bedding. They were fed a 
pelletized Top Feeds meal and had unfettered access to water. 
The mice were cared for and utilized in the experiments in com-
pliance with National Institute of Health Laboratory animal care 
guidelines. The animals were acclimatized for five days follow-
ing grouping before the experiment began.

Experimental Analysis

Inoculum 

The chloroquine-sensitive Plasmodium berghei was obtained 
from the Institute of Advanced Medical Research and Training 
(IAMRAT) at the University of Ibadan's College of Medicine in 
Ibadan, Oyo State, Nigeria. In mice, constant re-infestation 
keeps parasites alive. This was accomplished by calculating the 
parasitemia percentage of the donor mice's erythrocyte count 
and diluting them with normal saline in the proportion speci-
fied by both calculations. Each mouse received an intraperito-
neal injection of Plasmodium berghei parasitized erythrocytes 
(0.2 mL) infected blood suspension. The parasitaemia % was 
estimated by dividing the total number of red blood cells by the 
number of parasitized red blood cells.The formula used for cal-
culating the volume of blood from donor mice is as given below;

Vol of blood from random mice=        

        

Therefore, to inoculate 39.44% P. berghei parasite into 84 
mice, it as calculated as follows; 

Vol.of blood from random mice =     = .47 ml       

The volume of normal saline used to dilute the blood of ran-
dom mice was 0.2 ml X 84 = 16.8 ml. 
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As a result, 16.8 ml minus 0.47 ml equals 16.33 ml. 

Therefore, 0.47 mL of blood from donor mice was diluted 
with 16.33 mL of normal saline, resulting in 0.2 mL of final in-
oculum containing 1 x10-7 parasitized red blood cells, which are 
the usual inoculums for a single mouse infection [24].

Antimalarial drug: To evaluate Plasmodium berghei medica-
tion susceptibility in vivo, tablets of chloroquine phosphate 5 
mg/kg, CQ (Pfizer, Nigeria) and artemether-lumefantrine 5mg/
kg (Greenlife Pharmaceuticals) were utilized. The medication 
was freshly mixed in distilled water and given orally through an 
orogastric tube. The drug dose, indicated in milligrams per kilo-
gram of body weight, was adjusted at the time of administra-
tion based on the average weight of the mice.

Chemo-suppressive test: In mice, the Peters' 4-day suppres-
sive test was used to treat chloroquine-sensitive P. berghei NK-
65 infection [28]. P. berghei standard inoculum containing para-
sitized erythrocytes was administered intraperitoneally (i.p) 
to 42 male mice weighing 18-21 g. Some experimental groups 
were given different doses of the extract (100, 200, and 400 
mg/kg/day). The extract was given to the mice orally in a single 
dose per day using a 1 mL disposable syringe. The positive con-
trol group was given 5 mg of chloroquine per kg body weight 
and 5 mg of artemether-lumefantrine per kg, whereas the neg-
ative control group was given an equivalent volume of sterile 
distilled water, and a group was left uninfected. On the fifth day 
of the experiment, blood was extracted from each mouse's tail 
vein and smeared on a microscope slide to create a thin film 
smear. The blood films were preserved with methanol, stained 
for 10 minutes with 10% giemsa at pH 7.2, and parasitaemia 
was examined under a microscope (X100 magnification). The 
percentage suppression of parasitaemia was computed at each 
dose level by comparing parasitaemia in infected but untreated 
controls to parasitaemia in treated mice, and the result was ex-
pressed as a percentage.

Repository/prophylactic activity: The mice were put into 
seven groups of three mice each at random. Mice in group 1 
(negative control group) were given distilled water orally at a 
dose of 10 ml/kg body weight. Group 2 was infected but un-
treated. Groups 3 and 4 were given 5mg/kg/day body weight 
chloroquine phosphate and artemether-lumefantrine, respec-
tively. Both were used as positive control groups. Furthermore, 
groups 5–7 were given ethanol and aqueous fractions at doses 
of (100, 200, and 400 mg/kg body weight, respectively). The 
mice were orally treated for three days (D1-D3) before being 
intraperitoneally injected with 0.2 ml of contaminated blood 
containing 1×10-7 Plasmodium berghei parasitized Red Blood 
Cells (RBCs) on day four (D4). The parasitaemia level was de-
termined using thick and thin films made from the tail blood 
of each mouse 72 hours (Day 7) following parasite inoculation. 
The relative value approach was used to measure parasite den-
sity by counting Plasmodium parasites against 200 or 500 white 
blood cells and expressing the resultant number of parasites/l 
by blood assuming a white blood cell count of 8000 per µl of 
blood [15]. Parasite density was deduced by using the formula: 

Parasites/μL =

Staining and Examination of the Thick and Thin Smears

For each mouse sample, two films were created. Each slide 
had a measured volume of blood of 6 l for thick film and 2 l 
for thin film: 10% (1:9 ml) for 7 minutes and 3% (3:97 ml) for 
45-60 minutes. Working Giemsa stains were made from Giem-

sa-staining solution that had already been prepared. After fix-
ing the thin smear with 100% methanol, thick and thin blood 
smears were stained with Giemsa. The full film was first exam-
ined at a low magnification (10X40X objective lens) to identify 
eligible fields with even WBC distribution (10 - 20 WBC/field) 
[25]. Smears were then inspected with an immersion in X100 
oil. Before a thick smear was pronounced negative, at least 100 
high power fields were investigated. Plasmodium berghei para-
sites were counted per 200 or 500 leukocytes, which were used 
to estimate the parasite density per micro litre of blood. 

Statistical Analysis

GraphPad Prism version 8.0 (GraphPad Software, Inc. San 
Diego, CA, USA) was used to analyze the data, and the findings 
were expressed as Mean + SEM. The statistically significant dif-
ferences between and within groups were examined using One-
way ANOVA, followed by multiple comparisons of their means 
using Turkey's post hoc test. At p<0.05, differences were consid-
ered statistically significant.

Results

Suppressive Effect of Ethanolic Extract of Phyllantus Ama-
rus on Parasitemia in Mice

Figure 1 depicts the percentage parasitemia in the con-
trol and treatment groups. The ethanolic extract reduced the 
percentage parasitemia level in a dose-dependent, significant 
(p<0.05) way. The 400 mg/kg/day body weight dose reduced 
parasitemia considerably (p<0.05) more than the 100 and 200 
mg/kg/day body weight doses. Following a 4-day treatment 
with (100, 200, and 400) mg/kg/day body weight, the ethanol-
ic extracts of P. amarus showed a percentage suppression of 
46.19%, 57.10%, and 75.44%, respectively. Chloroquine at 5mg/
kg had the highest percentage suppression of 95.32%, whereas 
Artemether-Lumefantrine at 5 mg/kg bd wt had a chemo-sup-
pression of 91.99%. A daily increase in parasitemia level in the 
control group was observed. The parasitemia level in the group 
treated with chloroquine and artemether-lumefantrine were 
significantly lower than the extract-treated group.

Suppressive Effect of Aqueous Extract of Phyllantus Amarus 
on Parasitemia in Mice

Figure 2 depicts the percentage parasitemia in the control 
and treatment groups. The aqueous extract reduced the per-
centage parasitemia level in a dose-dependent, significant 
(p<0.05) way. The 400 mg/kg/day body weight dose reduced 
parasitemia considerably (p<0.05) more than the 100 and 200 
mg/kg/day body weight doses. Following a 4-day treatment 
with (100, 200, and 400) mg/kg/day body weight, the aque-

Figure 1: Suppressive effect of ethanolic extract of Phyllantus 
amarus on parasitemia in mice.
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ous extracts of P. amarus generated a percentage suppression 
of 49.76%, 60.87%, and 77.54%, respectively. Chloroquine at 
5 mg/kg had the highest percentage suppression of 96.6%, 
whereas artemether-lumefantrine at 5 mg/kg had a chemo-
suppression of 93.8%.

Prophylactics Effect of Ethanolic and Aqueous Extract of 
Phyllantus Amarus on Parasitemia in Mice

Figure 3 depicts the preventive potential of ethanolic and 
aqueous extracts of P. amarus leaf on P. berghei-infected mice. 
The plasmodium parasite was discovered in the highest con-
centration in the P. berghei transfected untreated mice. When 
compared to the control, the administration of extracts result-
ed in significant (p<0.001) dose-dependent declines in parasite 
counts in the treated groups. When compared to controls, sig-
nificant (p<0.001) decreases in the level of malarial parasites in 
the blood were only observed in mice pretreated with 100, 200, 
and 400 mg/kg/day body weight of ethanolic and aqueous ex-
tracts of Phyllantus amarus leaf extract on the fifth day of trans-
fection with the percentage parasites as depicted in Figure 3 

and Figure 4, following a 7-day prophylactic therapy with (100, 
200, and 400) mg/kg/day body weight, the aqueous extracts of 
P. amarus produced a percentage inhibition of 37.48%, 58.99%, 
and 81.58%, respectively, whereas the ethanolic extracts pos-
sessed 43.31%, 60.05%, and 82.16%. When compared to the 
control, which had no suppression, the percentage chemo-sup-
pression for each of the dosage increased with increasing num-
ber of days’ post transfection for each dosage. Furthermore, 
the extracts' effect was lower when compared to the reference 
drugs (5mg/kg chloroquine and 5 mg/kg artemether-lumefan-
trine), which caused significant (p<0.001) decreases on the 7 
days' transfection with percentage parasitemia inhibition of 
(94.60% and 90.62% of chloroquine and artemether-lumefan-
trine, respectively). Chloroquine 5mg/kg had the highest per-
centage suppression of 95.8%, while Artemether-Lumefantrine 
5mg/kg had the lowest chemo-suppression of 89.9%).

Packed Cell Volume (PCV) in the Control and Ethanolic 
Treatment Groups

The Packed Cell Volume (PCV) in the control and treatment 
groups is depicted in Figure 5. When compared to the extract 
treated groups, the packed cell volume in the infected but un-
treated controls was considerably (p<0.05) lower. In the extract-
treated groups, PCV improves in a dose-dependent way. After 
the fifth day of treatment, the extract at (100, 200, and 400) 
mg/kg/day body weight was shown to be greater in a dosage 
dependent way. PCV improved much more in the AL and CQ 
treated groups than in the extract treated groups.

Figure 6 depicts the total Packed Cell Volume (PCV) in the 
control and treatment groups. When compared to the extract 
treated groups, the packed cell volume in the infected but un-
treated controls was considerably (p<0.05) lower. In the extract-
treated groups, PCV improves in a dose-dependent way. 

After the fifth day of therapy, the extract at (100, 200, and 
400) mg/kg/day body weight was significantly higher in a dos-
age dependent manner. PCV increased much more in the AL 
and CQ treated groups than in the extract treated groups.

Figure 2: Suppressive effect of aqueous extract of Phyllantus ama-
rus on parasitemia in mice.

Figure 3: Prophylactics effect of ethanolic extract of Phyllantus 
amarus on parasitemia in mice. 

Figure 4: Prophylactics effect of aqueous extract of Phyllantus 
amarus on parasitemia in mice.

Figure 5: Shows the Packed Cell Volume (PCV) in the control and 
aqueous treatment groups.

Figure 6: Packed cell volume of P. berghei infected mice treated 
with Phyllantus amarus leaf.
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Discussion

Malaria is a cytokine-driven inflammatory disease that 
can result in mortality owing to red blood cell lyses. It is dis-
tinguished by oxidative alterations in animals caused by the 
parasites' various metabolic activities. Although in vivo screen-
ing provides a thorough system for assessing medication effi-
cacy in the biological milieu, it is frequently impacted by host 
characteristics such as drug disposition and other intrinsic drug 
antiparasitic actions. However, it does not necessarily identify 
what constitutes a good antimalarial medicine in terms of dis-
position. Despite its poor animal disposition, artemisinin, for 
example, is quite efficacious in vivo [27]. Plasmodium berghei 
is the species of choice for in vivo screening due to its higher 
accessibility and acceptability in drug. Some genes in the rodent 
adapted to Plasmodium berghei may have diverged significantly 
from the human pathogen Plasmodium falciparum.

The in vivo antiplasmodial potential of both the ethanolic 
and aqueous extracts of P. amarus for the treatment of malaria 
parasite against P. berghei infection in Swiss albino mice was 
investigated using a rodent model of malaria. Several classic 
antimalarial drugs, including chloroquine, halofantrine, meflo-
quine, and, more recently, artemisinin derivatives, have been 
found using rodent malaria models [26]. Because P. berghei 
is used to predict treatment outcomes, it was an appropriate 
parasite for the investigation. Because this parasite is sensitive 
to chloroquine, it was utilized as the control medication in this 
investigation, along with artemether-lumefantrine.  

The extracts are so safe, which could explain why these plants 
have been used safely in the treatment of malaria in Nigeria by 
traditional people. As a result, the ethanolic and aqueous ex-
tracts are a useful solvent for this study. The 4-day suppressive 
test is a typical antimalarial screening test, and the percentage 
inhibition of parasitaemia is the most accurate metric. In typical 
screening investigations, a mean group parasitaemia level of less 
than or equal to 90% of the mock-treated control animals usu-
ally indicates that the test material is active [28].  The results of 
this study demonstrated a significant decrease in parasitaemia 
of P. berghei infected mice treated with (100, 200, and 400) mg/
kg body weight of each of aqueous and ethanolic leaf extracts 
of Phyllantus amarus in a dose dependent manner (Figure 1 & 
2), whereas chloroquine and artemether-lumefantrine, stand-
ard antimalarial drugs, suppressed parasitaemia by 94.8% and 
The found antimalarial activity is consistent with the plants' tra-
ditional use as a herbal medicine against malaria in Nigeria. The 
significant (p<0.001) reduction in parasite levels in the blood of 
mice pretreated with (100, 200, and 400) mg kg bwt of Phyllan-
tus amarus extracts after the first day of parasite transfection 
suggests that Phyllantus amarus has a significant prophylactic 
effect against malaria infection in P. berghei infected mice. This 
validates the plant leaf's ethnomedicinal use as an antimalarial 
drug in Sub-Saharan Africa [29;30]. In accordance with Kamei 
et al. (2000) [31] submission on the effect of typical antima-
larial medicines on P. berghei-infected mice, Chloroquine (CQ) 
and Artemether/Lumefantrine (AL) utilized in this investigation 
exerted nearly 100% suppression on the third day at 5 mg kg 
bwt. The observation that the chemosupression offered by both 
ethanolic and aqueous extracts of Phyllantus amarus increases 
with increasing concentration of the extracts, with the 400 mg 
k bd wt. proving to be more effective than the (100 and 200) 
mg kg bwt., demonstrates the dose-dependent nature of the 
antimalarial effect. This effect may be due to short duration of 
action of the extract occasioned by rapid metabolism and so 

parasite clearance could not be total. The considerable reduc-
tion in Packed Cell Volume (PCV) of mice infected with the para-
sites could be attributed to the combined effect of plasmodial 
infection and probable destruction or clearance of plasmodial 
infected blood cells by the extracts provided [32]. The decrease 
in PCV, which causes malaria-induced anemia, occurs by in-
creasing the pace at which old red blood cells are damaged and 
decreasing the rate at which new ones are formed. Plasmodium 
not only causes parasitized red blood cells to burst, but it also 
drives macrophage activity in the spleen, which then destroys 
both parasitized and unparasitized red blood cells [33]. In mice 
pre-treated with greater doses (400 mg k bwt.) of the extracts, 
the malaria-induced drop in PCV was totally reversed in a man-
ner reference to the reference drug. This clearly demonstrates 
the intervention's antimalarial potency, providing validity to the 
plant's traditional applications in this area.

Conclusion

In conclusion, despite the activities of these extracts appear 
lower in comparison to standard drugs, they demonstrate sig-
nificant antimalarial effects in the numerous models tested in 
this investigation, which can be regarded as support for their 
ethnomedicinal antimalarial claims. The study of the chemi-
cal ingredients responsible for these effects will be fascinating, 
and it may lead to the identification of novel chemical entities 
with significant antimalarial characteristics. The recent find-
ings from two complementary in vivo models demonstrate the 
importance of the plant components utilized to make herbal 
treatments for the suppression, cure, and prevention of malaria 
infection.
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