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ABSTRACT 
 
The antiplasmodial effect of ethanolic leaf extract of Phyllanthus amarus on the biomarkers of renal 
function was investigated. The phytochemical constituents of the extract were screened. The renal 
function markers investigated include levels of uric acid, creatinine, urea and electrolytes (HCO3

-
, 

Na
+
, K

+
 and Cl

-
) in serum of Plasmodium berghei infected mice treated with P. amarus. Twenty-five 

(25) adult mice (22-27g bwt) randomly divided into 5 groups (n= 5/grp) were used. Group 1; Normal 
control (uninfected and untreated), Group 2; malarial control (infected with P. berghei and 
untreated), Group 3; infected and treated with Pyllanthus amarus leaf extract (200mg/kg bwt), 
Group 4; uninfected but treated with same dose of Phyllanthus amarus and Group 5; standard 
control (infected and treated with quinine, 5mg/kg). Each group was so treated for 5 days and on 
the 6

th
 day the animals were sacrificed under chloroform anaesthesia after an overnight fast. Whole 

blood samples were obtained by cardiac puncture and then, prepared for biochemical assay using 
standard methods. Results show that P. berghei malaria infection significantly (p<0.05) increases 
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serum uric acid (9.68±0.21mg/dl), creatinine (1.60±0.26mg/dl) and urea (47.46±0.24mg/dl), but 
reduced (p<0.05) electrolytes` (Na

+
: 106.40±10.10mEq/L, K

+
:2.20±0.42mEq/L, Cl

-
: 

60.00±14.38mEq/L and HCO3
-
: 10.98±2.64mEq/L) levels when compared with the control mice. 

However, treatment of the malaria infection with P. amarus abated the malaria effects in a manner 
that compares well with the standard quinine treatment and there were no significant differences 
compared with the control values. The extract and quinine suppressed Plasmodium by 94.5% and 
94.7%, respectively in experimental mice. Phytochemicals identified in the leaf extract include 
alkaloids, flavonoids, tannins, saponins, terpenoids and glycosides. Results indicate that malarial 
infection induces renal dysfunction. However, this compromise could be mitigated by the ethanolic 
leaf extract of P. amarus probably because of its potent in vivo antiplasmodial activity arising from 
its active phytochemicals. It would therefore be worthwhile to purify and extract the active 
components of the herb, by a bioassay-guided isolation. With the enriched fractions or the pure 
compounds, researchers would be able to assess the parasite life phase on which the plant extract 
is most active. 
 

 
Keywords: Antiplasmodial; Plasmodium berghei; ethanolic extract, Pyllanthus amarus; 

phytochemicals; renal function; electrolytes. 
 

1. INTRODUCTION 
 

The World Health Organization has estimated 
that in 2010, there were 219 million documented 
cases of malaria. That year, the disease killed 
between 660,000 and 1.2 million people [1], 
many of whom were children in Africa. This 
observation could be due to the growing 
resistance of the Plasmodium parasite to drugs 
known to be previously active [2]. So, there is 
need for a vitalized search for new antimalarial 
drugs and the use of plants is increasing [3]. 
 

Herbalism could be traced to early man who 
probably acquired skills of healing through 
deliberate or accidental selection of plants and 
their parts [4]. In the identification of new 
medicinal plants or focusing on those earlier 
reported which have bio-active phytochemical 
constituents, herbalism (ethno-medicinal study) 
is regarded as the most viable and feasible 
method [5]. Traditional medicine, a major socio-
cultural heritage in Africa for several decades, 
was once believed to be primitive and challenged 
by foreign religion and orthodox or conventional 
medical practitioners [6]. However, as a result of 
increasing chemotherapeutic failure in recent 
times, natural herbs are becoming of interest in 
providing remedy. 
 

Pyllanthus amarus belongs to the family 
Euphorbiaceae. It is a small, erect, perennial 
herb having large number of phytochemicals that 
are attributed to its leaves, stem and roots. The 
herb is a distinguished plant worldwide which has 
been used over the years because it is non-toxic 
to the liver and kidney and contains rich 
medicinal components [7]. Pyllanthus amarus is 
an important plant of Indian Ayurvedic system of 

medicine which is used in the problems of 
stomach, genitourinary system, liver, kidney and 
spleen; precisely for the treatment of gonorrhea, 
menorrhagia, jaundice, diarrhoea, dysentery, 
gastropathy, ophthalmopathy, scabies, fever, 
uro-genital diseases, ulcer, sore and wounds [8]. 
Juice from the roots and leaves are taken 
internally to stimulate the kidney. The aqueous 
extract of aerial parts is used to break and expel 
kidney stones in India, Brazil and other 
Amazonian regions [9], hence called “stone 
breaker” [10]. However, studies on P. amarus 
toxicity are scarce but available evidence shows 
no significant toxic effect for the dried water 
extract; LD50 > 5000mg/kg. bwt. [7]. The 
antiplasmodial effect of P. amarus has been 
reported [10], but the associated changes in 
renal function markers are yet to be fully 
documented. 

 
The incidence of renal dysfunction is on the 
increase; malaria and other infectious diseases 
may be contributing factors. It is therefore 
worthwhile to know the changes inrenal function 
markers (uric acid, creatinine, urea and 
electrolytes) in Plasmodium berghei infected 
mice treated with Pyllanthus amarus leaf extract 
purported to have antiplasmodial property. 
 

2. MATERIALS AND METHODS 
 
2.1 Harvesting and Preparation of Leaf 

Extract 
 
Fresh leaves of Pyllanthus amarus were 
collected from natural habitat in Ozoro, Isoko 
North LGA of Delta State, Nigeria. The plant was 
identified at the Nigeria Institute of Forestry 
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Research, Ibadan, where a voucher specimen 
(No: FHI109728) has been deposited. 
 

The leaves were washed, air-dried and ground to 
produce a fine powder which was extracted using 
a soxhlet apparatus sequentially with ethanol. 
The extract was evaporated to dryness using 
rotary evaporator (Buchi R-210) under reduced 
pressure. The percentage yield was 3.6%. The 
dried extract obtained was dissolved in distilled 
water. The volume (i.e. equivalent dose used) 
was then calculated thus: 
 

V (ml) = D (g/kg) x P (kg)/C (g/ml) 
 

D= Dose used (g/kg b.wt), P= Body weight (kg), 
C= Concentration of the extract (g/ml), V= 
Volume of extract (ml) administered. 
 

2.2 Phytochemical Screening 
 

The phytochemical screening of Pyllanthus 
amarus leaf extract was carried out using 
standard procedures to determine the presence 
of the following compounds; alkaloid, flavonoids, 
tannins, saponins, glycosides, steroids, terpenes 
and carbohydrates [11]. 
 

2.3 Experimental Animals 
 
Twenty-five (25) Swiss Albino mice of mixed 
sexes weighing between 0.022kg (22g) to 
0.027kg (27g) were obtained from the Laboratory 
Animal House, Faculty of Basic Medical 
Sciences, Delta State University, Abraka, Nigeria 
and used. Three (3) Plasmodium berghei 
infected(donor)mice were obtained from Nigeria 
Institute of Medical Research (NIMR), Yaba, 
Lagos, Nigeria, and were used to inoculate some 
other mice used for this investigation. 
 

2.4 Animal Care and Handling/Ethical 
Approval 

 

The mice were fed on growers mash obtained 
from Top-Feeds, Sapele, Delta State, Nigeria, 
and given clean drinking water ad libitum. The 
animals were kept in plastic cages, under 
controlled condition of 12hr light/12hr dark cycle. 
The animals were maintained in accordance with 
the guidelines approved by the Animal Ethical 
Committee, Delta State University, Abraka. 
 

2.5 Animal Grouping, Inoculation and 
Extract Administration 

 
The animals were caged in groups of five (5) to 
allow free and easy movement and to avoid 

crowdedness. Group 1 was uninfected and 
untreated (normal control), Group 2 was infected 
with Plasmodium berghei and untreated (malaria 
control), Group 3 was parasitized (infected) and 
treated with 200mg/kg b.wt of Pyllanthus amarus 
leaf extract, Group 4 was uninfected but treated 
with 200mg/kg b.wt of Pyllanthus amarus leaf 
extract and Group 5 was infected and treated 
with quinine (5mg/kg b.wt). 
 
The mice were infected by obtaining parasitized 
blood (3-4 drops) from the cut tail tip of an 
infected (donor) mouse. Then, 0.1ml of infected 
blood was diluted in 0.9ml of phosphate buffer, 
pH 7.2 and the mice were inoculated with 0.1ml 
of the parasitized suspension which contained 
about twelve thousand (12,000) parasites. 
Parasitaemia was done using thin blood films 
from cut tip of the infected mice`s tail and stained 
with Giemsa stain then viewed with the 
microscope (model TH-9845,Serico, China) at 
x100 magnification. The ethanolic P. amarus 
extract and quinine doses were administered 
once a day, only in the morning, as designed 
using intragastric cannula for a period of five (5) 
days. 
 

2.6 Animal Sacrifice and Collection of 
Specimen 

 
On the 6th day, the experimental animals were 
fasted overnight and sacrificed under chloroform 
anaesthetic. Whole blood was collected by heart 
puncture and centrifuged to obtain serum which 
was used for the biochemical analysis to 
determine changes in the renal function markers 
(uric acid, creatinine, urea and electrolytes -
HCO3

-
, Na

+
, K

+
 and Cl

-
). 

 

2.7 Analysis of Specimen 
 
The biochemical investigation was carried out to 
determine the degree of renal dysfunctions by 
ascertaining the levels of renal biomarkers in 
serum of P. berghei infected mice treated with               
P. amarus. 
 
Uric acid was estimated using the colorimetric 
enzymatic method [12], creatinine was 
determined using the Jaffe`s Alkaline Picrate 
Method [13], Urea was estimated using Urease-
Berthelot colorimetric method [14], Bicarbonate 
(HCO3

-
) was analyzed using the enzymatic 

method [15], sodium ion(Na
+
) was analyzed 

using the colorimetric method [16], potassium 
ion(K

+
) was assayed using the colorimetric 

method [17] and chloride ion (Cl
-
) was estimated 
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using the colorimetric method [18]. All the 
chemicals used were of Analar grades, supplied 
by Poole Chemicals, England. 
 

3. STATISTICAL ANALYSIS 
 

Experimental data were expressed as Mean ±SD 
(Standard Deviation). Results were subjected to 
statistical analysis using one way analysis of 
variance (ANOVA) to determine the differences 
between groups. Differences between means at 
5% level (p<0.05) were considered significant. 
 

4. RESULTS 
 

The results obtained from the investigation into 
the antiplasmodial potential of Pyllanthus amarus 
and associated preservation of renal function in 
Plamodium berghei infected mice are shown in 
Tables 1-4. 
 

Plasmodium berghei malarial infection 
significantly increased serum uric acid and urea 
levels in experimental mice (Table 1). Pyllanthus 
amarus leaf extract appears to ameliorate the 
malaria induced values in a trend that compares 
well with the control (Group 1) and standard 
(Group 5) values (Table 1). Administration of the 
P. amarus leaf extract to uninfected mice (Group 
4) reduced serum uric acid level when compared 
with both control and standard values, but the 
creatinine and urea estimates were similar      
(Table 1). 
 

From Table 2, it can be observed that in the 
infected and untreated mice (Group 2) there is 
significant reduction (P<0.05) in the electrolytes 
concentrations when compared with the other 
remaining groups whose values were not 
statistically different (P>0.05). 

P. amarus extract and standard quinine 
treatments inhibited parasitaemia alike (Table 3), 
indicating that the extract has medicinal 
chemicals that can suppress parasitaemia. 
 
The results obtained from the investigation into 
the phytochemical contents of P. amarus leaf 
extract are shown in Table 4. Saponins, tannins, 
flavonoids, glycosides, terpenoids and alkaloids 
were identified and quantified. 
 
Table 1. Uric acid, creatinine and urea levels 

in serum of P. berghei infected and 
uninfected mice treated with  

Pyllanthus amarus leaf extract 

 
Groups Uric acid 

(mg/dl) 
Creatinine 
(mg/dl) 

Urea 
(mg/dl) 

1 3.34±1.25
a 

0.90±0.14
a 

29.24±0.24
a 

2 9.68±0.21
b 

1.60±0.26
a
 47.46±0.24

b 

3 1.16±0.42
c
 0.72±0.19

a 
26.44±9.05

a 

4 0.98±0.65
c 

0.96±0.15
a
 29.89±9.84

a 

5 3.90±1.27
a 

0.74±0.23
a
 26.68±5.54

a
 

Values are expressed as Means±SD for n=5 mice per 
group 

Values that bear another superscript on a column 
differ significantly (p<0.05) 

1= Normal control (uninfected and untreated mice) 
2= Malaria control (mice infected with Plasmodium 

berghei and untreated) 
3=Parasitized (infected) mice treated with 200mg/kg 

b.wt of Pyllanthus amarus leaf extract 
4= Uninfected mice but treated with 200mg/kg b.wt of 

Pyllanthus amarus leaf extract 
5= Standard control (infected mice treated with quinine 

5mg/kg) 

 
 

 

Table 2. Electrolytes` concentrations in serum of P. berghei infected and uninfected mice 
treated with Phyllanthus amarus leaf extract 

 

Groups Na+(mEq/L) K+(mEq/L) Cl-(mEq/L) HCO3
-(mEq/L) 

1 142.80±6.91
a
 4.25±0.84

a
 101.80±3.19

a
 28.94±4.05

a 

2 106.40±10.10
b
 2.20±0.42

b
 60.00±14.38

b
 10.98±2.64

b 

3 144.00±8.48
a
 4.56±2.12

a 
102.00±5.65

a
 30.80±6.50

a 

4 140.20±5.30
a
 4.04±0.69

a
 99.20±1.17

a
 27.00±4.28

a 

5 143.60±6.65
a
 4.26±0.57

a
 101.40±2.60

a
 27.76±3.79

a 

Values are expressed as Means±SD for n=5 mice per group 
Values that bear another superscript on a column differ significantly (p<0.05) 

1= Normal control (uninfected and untreated mice) 
2= Malaria control (mice infected with Plasmodium berghei and untreated) 

3= Parasitized/infected mice treated with 200mg/kg b.wt of Phyllanthus amarus leaf extract 
4= Uninfected mice but treated with 200mg/kg b.wt of Phyllanthus amarus leaf extract 

5= Standard (infected mice treated with quinine, 5mg/kg) 
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Table 3. Pyllanthus amarus and quinine in vivo antiplasmodial activities 
 

No.  P. berghei infection P. amarus treated Quinine treated 

1 10700 600 (93.9) 500 (95.3) 
2 12800 600 (95.3) 550 (95.7) 
3 10600 700 (93.4) 700 (93.4) 
4 10800 500 (95.3) 520 (95.2) 
5 
Mean+SD 

10900 
11160±923.58 

580 (94.7) 
606±75.37(94.52±0.9) 

525 (95.2) 
559±80.81 (94.7±0.9) 

Values are parasite count for n=5mice per group. 
Values in parenthesis are percentage in vivo parasite inhibition. 

Values ≥ 50% are significant. 
Malaria parasite count: about 12,000 parasites per 0.1ml of parasitized suspension 

 
Table 4. Chemical constituents of the 

ethanolic leaf extract of Pyllanthus amarus  
 

Phytochemicals Amount (mg/g) 

Saponin 0.25 
Tannin 0.03 
Flavonoid 0.22 
Glycosides 0.08 
Terpenoids 0.04 
Alkaloid 0.14 

 

5. DISCUSSION 
 
Malaria is a mosquito-borne infectious disease of 
humans and other animals caused by parasitic 
protozoans (a type of unicellular microorganism) 
of the genus Plasmodium. Commonly, the 
disease is transmitted via a bite from an infected 
female Anopheles mosquito. The management of 
malaria is complicated because the parasites are 
resistant to most of the conventional drugs 
available, hence, most individuals in developing 
countries use herbs in treating malaria. One of 
such herbs is Pyllanthus amarus, which has 
been claimed to be potent against malaria 
infection. 
 
Mice infected with Plasmodium berghei and 
treated with P. amarus leaf extract were studied 
in order to determine serum uric acid, creatinine, 
urea and electrolytes levels which are markers of 
renal function tests [19]. Results show increased 
level of serum uric acid, creatinine and urea with 
concomitant decrease in electrolytes 
concentrations in parasitized untreated mice 
(Tables 1 and 2). These data suggest 
compromise in the normal functioning of the 
kidneys by the P. berghei malarial infection. This 
observation with experimental mice agrees with 
earlier findings in human patients infected with       
P. falciparum [20]. Acute renal failure has been 
associated with severe Plasmodium falciparum 
malaria but P. vivax and P. malariae can 
occasionally contribute to renal impairment [21]. 

Two mechanisms have been reported to be 
involved in the pathogenesis of acute renal 
failure in severe malaria. The first mechanism is 
the impairment of microcirculation by parasitized 
erythrocytes and the second is the non-specific 
effects of the malarial infection, which include 
hypovolaemia, intravascular haemolysis, 
intravascular coagulation, endotoxaemia and 
cholestatic jaundice [22]. 
 
The results obtained for the levels of serum uric 
acid, creatinine and urea (Table 1) show 
significant increase for the P. berghei malarial 
infected mice without treatment (Group 2) when 
compared with the other groups. This indicates 
that kidney function has been affected by malaria 
parasite, because under normal working 
condition, the kidney excretes these substances 
and maintains their levels in the body. 
 
The changes in electrolytes (HCO3

-
, Na

+
, K

+
 and 

Cl
-
) concentrations were also reported (Table 2). 

Correction of fluid volume and electrolyte deficits 
has been the standard of care for any critically ill 
patients including those with severe malaria 
infection. This is because acidaemia, 
hypokalaemia, hypocalcaemia and 
hyponatraemia exacerbate myocardial 
dysfunction and increase the risk of arrhythmias 
[23,24]. The electrolytes levels decreased 
significantly in P. berghei infected mice with no 
treatment (Group 2) when compared with the 
control mice (Group 1). This also indicates that 
malarial infection affects renal secretion or 
reabsorption of electrolytes. The decrease in 
concentration of sodium (Table 2) may be due to 
losses in urine, because losses in urine are 
compensated by increase in urea concentrations 
(Table 1). This observation has been found to be 
common in falciparum malaria infection, and 
occurs in order to maintain constant body 
osmolality [25]. Impaired glomerular filtration 
amidst hyponatraemia reduces the amount of 
sodium ions available in the renal tubule for 
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potassium exchange and therefore contributes to 
the elevation of serum potassium concentration. 
Erythrocytes infected with falciparum malaria are 
associated with decreased cytosolic 
concentration of potassium (hypokalemia) [26], 
and this present study with mice agrees with this 
findings. Another report presented by [27], shows 
low level of serum chloride in malarial infection 
which is in accordance with the present study. 
Serious cases of renal problem associated with 
malaria take the form of nephritic syndrome 
which gradually progresses to renal failure 
characterized by metabolic acidosis arising from 
low level of serum bicarbonate [28]. 
 
In this study also, the phytochemical contents of 
the ethanolic leaf extract of Pyllanthus amarus 
and associated degree of plasmodial 
suppression in mice was determined. The results 
obtained from the suppressive activity of the 
extract are shown in Table 3. The extract at 
200mg/kg yielded 94.5% inhibition as against 
94.7% for quinine. The plant Pyllanthus amarus 
was observed to show significant in vivo 
antimalarial activity as judged in its percentage 
chemo-suppression which compared well with 
that of quinine, the standard drug. The in vivo 
antiplasmodial activity of P. amarus has been 
demonstrated earlier [10]. Also, the lethal rodent 
malaria parasite, Plasmodium berghei, can also 
be treated with the medicinal plant Thlaspi 
arvense [29]. 
 
Phytochemical analysis of the ethanolic leaf 
extract of Pyllanthus amarus as shown in Table 4 
revealed the presence of saponins, tannins, 
flavonoids, glycosides, terpenoids and alkaloids. 
This is similar to research findings by [7]. Of all 
the metabolites, saponin was the most frequent 
followed by flavonoids, alkaloids and glycosides. 
Terpenoids and tannins were the least frequent. 
Alkaloids, saponins, and flavonoids are 
suggested as being responsible for the anti-
malarial activities of the plant [30]. These 
secondary metabolites could have elicited the 
observed antiplasmodial activity either singly or 
in synergy with each other. Alkaloids have been 
implicated in antimalarial activity of many plants 
[31]. It has been shown to mediate its anti-
malarial properties by blocking protein synthesis 
in Plasmodium falciparum [32]. Triterpenoids, 
steroids and saponins have been found to be 
detrimental to several infectious protozoans such 
as Plasmodium falciparum [33]. Flavonoids are 
known to chelate nucleic acid base pairing of 
malaria parasite [34]. Flavonoids and tannins are 
phenolic compounds, and plant phenolics are 

major group compounds that act as primary 
antioxidants or free radicals scavengers [35]. So, 
these phenolics could contribute to the protection 
of the kidneys from oxidative damage arising 
from malaria parasite infection. 
 

6. CONCLUSION 
 
On the whole, P. amarus was observed to 
restore the renal dysfunction associated with                  
P. berghei malaria infection in experimental mice 
(Tables 1 and 2). This ability may be due to the 
bioactivities of identified phytochemicals (Table 
4) which displayed significant in vivo plasmodial 
inhibition (Table 3). The mechanism of P. amarus 
antimalarial potency needs to be understood. 
Therefore, the phytochemicals should be purified 
and used to assess the parasite`s life stage in 
which the plants active ingredient(s) is/are most 
active. 
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