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Abstract
Maytenus senegalensis is a plant with several medicinal claims in folk medicine. Methanol root extract of the plant was evaluated
for antiplasmodial, anti-inflammatory, anti-nociceptive, and safety profile. Antiplasmodial, anti-inflammatory (egg albumin induced
paw edema), and analgesic (hot plate test) experiments were set up, each consisting of four (4) groups (A-D) of five mice each.
Groups A–C of each experiment were treated with 2.0 ml/kg bw normal saline, 400 and 800 mg/kg bw of the extract according to
the procedures. Chloroquine, acetyl salicylic, and aspirin respectively were used as the reference drugs. Hematological and
biochemical parameters were evaluated after 4-week administration of the extract to four groups of five rats each at oral daily doses
of 0, 200, 400, and 800 mg/kg bw, respectively. At 400 and 800 mg/kg bw, the extract caused 58.88% and 58.49% inhibition of
parasitemia, and 51.92% and 54.66% inhibition of paw edema, respectively. The reaction time to the thermal stimuli increased
(p < 0.05) with increased extract concentrations. All the doses of the extract significantly (p < 0.05) increased the concentration urea,
creatinine, alkaline phosphatase (ALP), and white blood cell (WBC) count, while aspartate transaminases (AST), alanine transam-
inase (ALT), sodium, potassium, chloride, packed cell volume (PCV), red blood cell (RBC), and hemoglobin (HGB) comparedwell
(p > 0.05) with their reference values. The extract alters some functional integrity of kidney, and thus caution should be exercised
when using the extract for the above pharmacological activities or other oral remedy.
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Introduction

Malaria is a parasitic disease that is transmitted by the bites of
Plasmodium infected Anopheles mosquitoes. With about 3.2
billion people at risk, malaria has a greater morbidity and
mortality than any other infectious diseases globally (WHO
2016). It accounts for about 219 million cases and 435,000
deaths in 2017, 90% of which occurred in sub-Saharan Africa,
with 35% of the total death being in Nigeria and Congo
(WHO 2018). Increased resistance of the Plasmodium
falciparum parasite to many of the available synthetic drugs
has made the treatment of malaria increasingly difficult par-
ticularly in children and pregnant women due to their vulner-
ability to malaria fatality (Lawal et al. 2018).

Pain and inflammation are increasingly gaining global sci-
entific interest due to their implicative role in the etiology of
various human diseases (Mohiuddin et al. 2018). A number of
drugs including dexamethasone opioids, morphine, and aspi-
rin have been developed for management of pain and inflam-
matory conditions. Though these drugs have considerable
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effect in inflammation inhibition, major side effects are also
linked to their usage (Mostafa et al. 2010; Jigam et al. 2017).
Thus, the search for new drugs alternative with little or no side
effects is highly recommended.

African medicinal plants and other natural products repre-
sent ample sources of natural bioactive metabolite with thera-
peutic values against several diseases (Lawal et al. 2015a,
2017; Bashir et al. 2015a). They serve as divine alternatives
to synthetic drugs which are besieged with undesirable side
effect in addition to loss of efficacy and resistance. In compar-
ison with synthetic drugs, medicinal plants have proven to be
more effective, easily available, least expensive, and friendly
to the body system Toiu et al. (2018). The therapeutic proper-
ties of these plants are, however, attributed to the quality and
quantity of the secondary metabolites including alkaloids,
phenolics, flavonoids, anthraquinones, saponins, and terpenes
that they contain Yakubu et al., (2015). Primarily, these me-
tabolites play defensive role in plants but exert different phar-
macological effects such as anti-inflammatory, analgesic, an-
tidiabetics, antimicrobial, anti-parasitic, and antioxidants ef-
fects when ingested by human/animals (Lawal et al. 2015a,
2017; Bashir et al. 2015a). Despite the diverse pharmacolog-
ical activities of these metabolites, they also confer toxic attri-
bute to plants, thus making it unsafe for prolong consumption
or clinical application. It is therefore recommended that safety
profile should be considered in the evaluation and use of me-
dicinal plants for pharmacological activities.

Maytenus senegalensis (Lam.) is an African shrub of
celastraccae family. It grows in the semi-desert regions of
Asia and tropical regions of Africa. Its roots and bark are
traditionally used in the folk medicine for the treatment of a
number of ailments, including rheumatism, snakebites, diar-
rhea, eye infection, and dyspepsia (da Silva et al. 2011). An
extract of the roots and barks of the plant is used for severe
headaches, skin rashes, muscle spasms, fevers, and parasitic
infections (Zangueu et al. 2018). It is also used for fertility
problems, venereal diseases, pneumonia, epilepsy, and as a
tonic (Jorge et al., 2004). Previous study has demonstrated
that the leaf, root, and stem bark extracts of M. senegalensis
possess in vitro anti-plasmodial, anti-leishmanial, and anti-
bacterial activities (El Tahir et al. 2014). However, literature
survey revealed dearth of scientific information on the phar-
macological activities and safety/toxicity effect of the extract.

The leaves of M. heterophylla extract at 1200 mg/kg have
shown to be non-toxic (da Silva et al. 2010). Previous studies
have also reported safety of M. senegalensis leaves by dem-
onstrating LD50 of above 5000 mg/kg bw (Murjanatu et al.
2015; Malebo e t a l . 2015) . Aqueous ext rac t of
M. senegalensis administrated orally in mice caused no any
toxicity to mice (Sanogo et al. 2006). Previous findings also
suggest that M. senegalensis is practically non-cytotoxic as it
exhibited IC50 values of 87.82 ± 3.02 and > 90.00 against
mammalian cell lines viz.: Vero cell lines and rat skeletal

myoblast (L-6) cells, respectively (Malebo et al. 2009;
Ahmed et al. 2013). Therefore, the present study was set out
to evaluate the antimalarial, anti-inflamatory, analgesic activ-
ities, and the effect of the extract on some kidney and liver
function indices in rats.

Materials and methods

Plant materials

The Maytenus senegalensis root bark was collected from
Bida, Niger State. The plant was authenticated by a botanist,
from the Department of Biological Sciences, Federal
University of Technology, Minna, Nigeria.

Extraction of plant materials

The root bark sample was washed and dried for 2 weeks
(37 °C) and finally grounded using a grinder mill. A 200 g
of the plant material was extracted with 200 mL of methanol
using Soxhlet apparatus, and the resulting extract was concen-
trated using rotary evaporator. The resulting extract was
placed in air-tight container and refrigerated until when
required.

Phytochemical study

Evaluation of qualitative phytochemical composition of the
Maytenus senegalensis root bark methanol extract was carried
out using standard methods of Trease and Evans 1989 and
Sofowora (1993).

Experimental animals

A total of sixty (60) adult Swiss albino mice and forty one
(Shittu et al., 2015) male albino rats (Rattus norvegicus)
weighing 25.34 ± 0.98 g and 150.65 ± 5.89 g, respectively,
were obtained from National Veterinary Research Institute
(NVRI), Vom, Plateau State of Nigeria. The mice were used
for antiplasmodial, analgesic, and anti-inflammatory study,
while the rats were used for toxicity study. The animal han-
dling and experimentation were in concordance with the
guidelines for laboratory animal use and care as contained in
the European Convention on Animal Care Guidelines and
Protocol.

Parasite

Plasmodium berghei NK65 chloroquine-sensitive strain was
obtained from the National Institute of Pharmaceutical
Research and Development (NIPRD) Abuja, Nigeria, and
maintained in the laboratory by serial passage in mice.
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Antiplasmodial study

Four days (Mohiuddin et al., 2018) suppressive test was used
to evaluate the antimalarial properties of the crude, methanol
extract ofMaytenus senegalensis as described by Jigam et al.
(2011). One milliliter of the parasitized erythrocytes was ob-
tained from a donor-infected mouse through the jugular vein
into an EDTA-sample bottle and diluted with physiological
saline (5 ml). A total of 20 mice were inoculated with infected
blood suspension (0.2 ml) and were observed for 72 h, after
which thin blood smears were prepared from tail of each
mouse onto slides. The slides were allowed to dry, fixed with

methanol and stained with Giemsa’s solution for 30 min and
examined microscopically with × 100 magnification to check
for the parasites.

The infected mice were randomly grouped into four (A–D)
of five mice each. Groups A and Bmice were treated with 400
and 800 mg/kg bodyweight crude extract, respectively.
Groups C and D received normal saline (2 ml/kg bw) and
chloroquine (5 mg/kg bodyweight) to serve as negative and
positive controls, respectively. All the treatments were done
orally for four consecutive days. Percentage growth inhibition
of the parasite was calculated using the formula:

%inhibition ¼ Mean parasitemia in negative control−Mean parasitemia in treated

Mean parasitemia in negative control
� 100

Anti-inflammatory study

Anti-inflammatory activity of the extract was tested using egg
albumin-induced paw edema in mice according to the
methods of Winter et al. (1962). A total of 20 mice
were randomly grouped into four (A–D) of five mice

each and were administered a single dose of 400 and
800 mg/kg bw of the extract, 150 mg/kg bw acetyl
salicylic acid, and 2 ml/kg bw normal saline, respective-
ly, 30 min before the injection of the albumin into the
right hind limb. The percentage inhibition of edema was
calculated for each dose using the formula:

%inhibition ¼ Mean increase in paw in negative control−Mean increase in paw in treated

Mean increase in paw in negative control
� 100

Analgesic study

The hot plate test (Thermal stimuli) was used to measure an-
algesic activity of the extract according to the method de-
scribed by Mohiuddin et al. (2018). A total of 20 mice were
randomly grouped into four (A–D) of five mice each and were
administered a single dose of 400 and 800 mg/kg bw of the
extract, 150 mg/kg bw aspirin, and 2 ml/kg bw normal saline,
respectively. The time (seconds) taken by the mice to react to
the thermal pain by licking their paw or jumping were record-
ed at 0, 15, 30, 45, and 60 min of extract treatment.

Toxicity studies

Acute toxicity of the extract was determined in two phases
according to Lorke’s (1983) as described by Tsado et al.
(2015). In phase 1, a total of nine rats were grouped into three
of three rats each and were given a single dose of 10, 100, and
1000 mg/kg bw of the extract, respectively. A control group
was also set up comprising of three rats and was given 2 ml/kg
bw normal saline. The absence of death after 24 h of extract
administration led to the initiation of phase II which was set up
with another three groups of three rats each and were given a

single dose of 1600, 2900, and 5000 mg/kg bw of the extract,
respectively. All extract were administered orally using esoph-
ageal cannula. The animals were observed for any adverse
effect and mortality within 24 h of treatment and after a week.

Sub-chronic toxicity study was carried out according to the
methods of Yusuf et al. (2018a). Four groups (A–D) of five rats
each were given extract at doses of 0, 200, 400, and 800 mg/kg
bw, respectively, for 4 weeks. Extract was administered orally
once daily at exactly 10:00 a.m. using esophageal cannula.
After 28 days of extract administration, the animals were
sacrificed under ether anesthesia and blood was collected in
EDTA bottle for hematological analysis. Another set of blood
was collected in EDTA free sample bottle, and the blood was
allowed to cloth and centrifuge at 3000 rpm for 10 min. The
serum was extracted and stored in the refrigerator (− 4 °c) be-
fore been used for biochemical studies (Bashir et al. 2015b).

Evaluation of hematology and biochemical
parameters

Assay kits for aspartate aminotransferase (AST), alkaline
phosphatase (ALP), alanine aminotransferase (ALT), and urea
were products of Randox Laboratories, Co-Antrim, UK. All
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other kits used were product of Agape Diagnostic. The serum
activities of ALT, AST, and ALP were determined using stan-
dard procedures (Reitman and Frankel 1957; Wright et al.
1972). The concentrations of serum urea and creatinine were
determined using standard procedures (Veniamin and
Varkirtzi 1970; Bartels and Bohmer 1972), while the concen-
trations of sodium, potassium, and chloride ions were deter-
mined as described by Tietz (1995).

The hematological components including hemoglobin
(Hb), packed cell volume (PCV), red blood cells (RBC), white
blood cells (WBC), and platelet count (PLT) were determined
using the automated hematologic analyzer SYSMEXKX21, a
product of SYSMEX Corporation, Japan employing the
methods described by Dacie and Lewis (1991).

Data analysis

Data analysis was performed using one-way analysis of vari-
ance (ANOVA) followed by Duncan multiple range test
(DMRT). Data were expressed as mean ± SEM of triplicate
determinations. Significance was considered at p < 0.05.

Results

Phytochemical compositions of Maytenus
senegalensis

Crude methanol root bark extract of Maytenus senegalensis
contains alkaloids, flavonoids, phenols, tannins, glucosides,

terpenes, saponins, and anthraquinones. However, steroid
was not detected (Table 1).

Antimalarial, anti-inflammatory, and analgesic effect

Treatment with the crude methanol root extract of the
Maytenus senegalensis showed a significant reduction in
parasitemia, with 58.88% and 58.49% inhibition of
parasitemia at 400 and 800 mg/kg bw, respectively
(Table 2). Crude methanol root extract of M. senegalensis at
400 and 800 mg/kg bw showed a dose-dependent reduction of
paw edema induced by egg albumin. The extract exhibited
51.92% and 54.66% inhibition of paw edema, compared to
inhibition of 70.96 recorded for acetyl salicylic acid (Table 3).
The higher dose of the extract demonstrated the highest and
significant (p < 0.05) nociceptive inhibition of thermal stimu-
lus (Table 4).

Toxicity study

No mortality was recorded in any of the experimental animals
during the phase I (10, 100, 1000mg/kg bw of the extract) and
phase II (1600, 2900, and 5000mg/kg bw of the extract) study
(Table 5). The LD50 is thus set to be > 5000 mg/kg bw. In sub-
chronic toxicity study, all extract doses tested (p < 0.05) sig-
nificantly increased the serum concentration of alkaline phos-
phatase (ALP), urea, and creatinine when compared with the
control rats. The extract did not cause any significant
(P > 0.05) alteration to the concentration of alanine transami-
nases (ALT), aspartate transaminases (AST), sodium

Table 1 Phytochemical
composition of
Maytenus senegalensis
root extract

Phytochemicals Results

Alkaloids +

Flavonoids +

Phenols +

Tannins +

Glycosides +

Terpenes +

Steroids −
Saponins +

Anthraquinones +

Table 2 Antiplasmodial activity
of crude methanol root extract of
M. senegalensis

Treatment Dose (mg/kg bw) Average parasitemia Inhibition (%)

M. senegalensis 400 21.33 ± 1.64 58.88

M. senegalensis 800 21.53 ± 2.66 58.49

CQR 5 13.13 ± 4.26 74.69

NS 2.0 ml/kg bw 51.87 ± 10.27 –

Values are mean ± SEM of five determinations

NS normal saline, CQR chloroquine

Table 3 Anti-inflammatory activity of crude methanol root extract of
M. senegalensis against egg albumin-induced paw edema

Treatment Dose (mg/kg bw) Mean paw edema Inhibition (%)

M. senegalensis 400 3.51 ± 0.35 b 51.92

M. senegalensis 800 3.31 ± 0.27 b 54.66

Acetyl salicylic 150 2.12 ± 0.16 a 70.96

Acid

Control 2.0 ml/kg bw 7.30 ± 0.60 c –

Values are mean ± SEM of five determinations. Values along the same
column with different lowercase letters are significantly different
(p < 0.05)
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potassium, and chloride in the serum of rats when compared
with their reference values (Table 6).

The WBC count in group of rat administered 400 and
800 mg/kg bw extract was significantly (p < 0.05) higher
when compared with the control. Platelet count was sig-
nificantly (p < 0.05) higher in rats dosed 800 mg/kg bw
when compared with the control. However, no signifi-
cant difference exist in PCV, RBC, and HGB among the
groups of rats treated with 200, 400, and 800 mg/kg bw
of M. senegalensis root extract when compared with the con-
trol group (Table 7).

Discussion

Phytochemical constituents are an integral part of medicinal
plants and are responsible for their numerous bioactivities.
The phytochemical screening of M. senegalensis showed the
presence of alkaloids, flavonoids, phenols, tannins, glyco-
sides, terpenes, saponins, and anthraquinones. This
agrees with the previous studies that reported the pres-
ence of alkaloids, flavonoids, tannins, and phenols in
Maytenus senegalensis (Amom and Vershima 2013).
The presence of terpenoids, saponins, flavonoids, alka-
loids, and tannins indicates that the plant extract might
possess some medicinal qualities such as antimalarial, an-
ti-inflammatory, analgesic, anti-diabetic, and anti-
cholesterolemia effect (Aquino et al. 2001). However, the ab-
sence of steroids in M. senegalensis agrees with the previous

study that reported that not all phytochemicals are present in
medicinal plants and those present differs with their extraction
solvent (Lawal et al. 2014).

The traditional use of M. senegalensis for the treatment of
malaria could be attributed to the presence of certain phyto-
chemicals that constitute the bioactive principles in the plant.
Some of the secondary metabolites detected in this study have
been implicated in anti-plasmodium activities. Preliminary
antiplasmodial activities of the extract show that Maytenus
senegalensis produce significant reduction in the degree of
P. bergei load. This shows that the plant possesses antimalarial
activity; this is in agreement with the work done by Malebo
et al. (2015), who reported a 71% inhibition of parasitemia in
mice treated with crude ethanolic extract ofM. senegalensis. It
has been established that crude extracts from plants tend to be
better at inhibiting parasite multiplication (plasmodistatic)
rather than being destructive to the parasite (plasmodicidal),
as unpurified bioactive principles require initial conversions
which time lag allows for parasite proliferation (Jigam et al.
2011, 2012). The anti-plasmodium activity of Maytenus
senegalensis could be attributed to the presence of alkaloids,
flavonoids, and terpenes, all of which are contained in this
plant. The anti-oxidant flavonoid and phenolic compounds
have been shown to exert anti-plasmodium activity by
counteracting the plasmodium parasite-induced oxidative
damage (Lawal et al. 2016, 2017).

The crude extract ofM. senegalensis was found to possess
a significant anti-inflammatory activity; this is in conformity
with the findings of other researchers which indicated crude

Table 4 Analgesic effects of the methanol root extract ofM. senegalensis in the hot plate (Thermal stimuli) test

Time (s)

0 min 15 min 30 min 45 min 60 min

400 mg/kg bw extract 3.20 ± 0.12 a 4.20 ± 0.46 b 4.60 ± 0.27 bc 6.40 ± 0.22 b 7.50 ± 0.30 b

800 mg/kg bw extract 3.17 ± 1.57 a 6.10 ± 0.49 ab 6.40 ± 0.45 b 7.20 ± 0.64 b 9.70 ± 0.90 ab

150 mg/kg bw ASA 3.60 ± 0.21 a 7.00 ± 0.75 a 7.30 ± 0.58 a 9.60 ± 1.56 a 11.60 ± 1.21 a

2.0 ml/kg bw NS 3.00 ± 0.90 a 2.90 ± 0.21 c 3.00 ± 0.39 c 2.70 ± 0.33 c 2.30 ± 0.49 c

Values are mean ± SEM of three determinations. Values along the same column with different superscript letters are significantly different (p < 0.05)

ASA acetyl salicylic acid, NS normal saline

Table 5 LD50 of crude extract of
M. senegalensis Doses (mg/kg bw) Mortality observation

Phase 1 10 0/3 Animals were calm, no observable physical changes

100 0/3

1000 0/3

Phase 2 1600 0/3

2900 0/3 Weakness

5000 0/3 Weakness, erythremia which disappear before 24 h

Normal saline (control) 2.0 ml/kg bw 0/3 Animals were calm, no observable physical changes
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M. senegalensis as having 51% inhibition of paw edema in
carrageenan-induced paw edema in rats (Sosa et al. 2007). In
this study, significant increase was observed in pain threshold
of animals treated with the crude methanolic extract of
M. senegalensis. The extract of M. senegalensis root signifi-
cantly delayed the reaction time of thermally induced pain.
This model is selective for centrally acting analgesics and
indicates narcotic involvement (Mohiuddin et al. 2018) with
opioid receptors, suggesting that is a centrally acting analge-
sic. The observed effect is in conformity with the previous
studies carried out on M. senegalensis (Murjanatu et al.
2015; Sosa et al. 2007).

The absence of death in the acute toxicity test for crude
extract of M. senegalensis even at dose 5000 mg/kg bw sug-
gests that the extract may be safe for treatment. This finding is
in agreement with work done by Murjanatu et al. (2015), on
the methanolic leaf extract ofM. senegalensis, where no mor-
tality or toxic effect was observed up until 5000 mg/kg bw of
extract.

It has been established that oral ingestion of medicinal
plants or drugs can alter the normal values of hematological
indices (Lawal et al. 2015b). As such, the hematopoietic sys-
tem is an important index of physiological and pathological
status in man and animal. In the present study, administration
of methanolic extract ofM. senegalensis at various doses sig-
nificantly increased (p < 0.05) white blood cell count (WBC).

WBC and its differentials are known for their defensive role
against foreign body and infectious agents through the pro-
duction, transportation, and distribution of antibodies in im-
mune response (Berinyuy et al. 2015). The significantly in-
creasedWBC counts observed in the extract treated rats reflect
leucopoetin-release and possible immune-modulatory effects
of the extract. It has been reported that plants with immune-
modulatory effects enhanced the production of more WBC in
order to overcome the stress induced by the plant (Lawal et al.
2015c). This will increase the animal’s ability of generating
antibodies in the process of phagocytosis which have high
degree of resistance to diseases and enhance adaptability to
local environmental and disease prevalent conditions (Borsuk
et al. 2011).

Packed cell volume (PCV), red blood cell counts (RBC),
and hemoglobin all compared well with values of the control
rats at all doses of the methanolic extract of M. senegalensis
tested. This is an indication that the extract did not cause
destruction of existing RBC and also did not inhibit or stimu-
late the erythropoietin release in the kidney, which is the hu-
moral regulator of RBC production (Shittu et al. 2015).
Hemoglobin and RBC are very essential in transferring respi-
ratory gases (Nwaka et al. 2015). This finding also indicates
that the oxygen-carrying capacity of the blood and the amount
of oxygen delivered to the tissues was not compromised by
extract ofM. senegalensis. There was no significant difference

Table 6 Biochemical parameters
in serum of rats administered
methanol root extract ofM.
senegalensis

Control 200 mg/kg bw 400 mg/kg bw 800 mg/kg bw

ALT (U/L) 23.00 ± 2.58 a 21.99 ± 1.98 a 20.87 ± 2.48 a 20.17 ± 2.32 a

AST (U/L) 87.92 ± 7.78 a 81.78 ± 4.89 a 80.87 ± 2.09 a 80.30 ± 2.69 a

ALP (U/L) 76.18 ± 10.85 a 139.64 ± 4.74 b 152.92 ± 23.84 b 167.17 ± 2.17 b

Creatinine (mmol/L) 1.68 ± 0.81 a 2.01 ± 0.56 b 2.05 ± 0.19 b 2.25 ± 0.17 b

Urea (mmol/L) 6.50 ± 0.78 a 7.16 ± 0.78 b 7.30 ± 1.74 b 6.90 ± 0.71 b

Na+ (mEq/L) 144.88 ± 3.35 a 139.78 ± 2.56 a 149.30 ± 2.15 a 146.58 ± 1.82 a

Cl− (mmol/L) 110.49 ± 3.43 a 108.98 ± 3.21 a 118.68 ± 2.90 a 112.21 ± 7.86 a

K+ (mEq/L) 12.57 ± 0.38 a 11.89 ± 0.78 a 11.20 ± 0.49 a 10.80 ± 0.90 a

Values are mean ± SEM of five determinations. Values along the same column with different superscripts are
significantly different (p < 0.05)

Table 7 Hematological
parameters in rats administered
methanol root extract ofM.
senegalensis

Control 200 mg/kg bw 400 mg/kg bw 800 mg/kg bw

PCV (%) 40.50 ± 0.29 a 40.66 ± 0.83 a 43.50 ± 0.86 a 40.50 ± 0.86 a

RBC (× 109/L) 7.65 ± 0.08 a 7.67 ± 0.56 a 7.85 ± 0.08 a 7.80 ± 0.73 a

PLT (× 109/L) 682.50 ± 38.9 a 645.83 ± 34.48 a 657.50 ± 65.52 a 777.50 ± 46.47 b

WBC (× 109/L) 6.25 ± 0.43 a 6.13 ± 0.32 a 7.10 ± 0.52 b 8.35 ± 0.43 b

HB (g/dl) 12.50 ± 0.15 a 12.32 ± 0.49 a 12.75 ± 0.31 a 12.27 ± 0.16 a

Values are mean ± SEM of five determinations. Values along the same column with different superscripts are
significantly different (p < 0.05)

PCV packed cell volume, HB hemoglobin, RBC red blood cells, WBC white blood cells, PLT platelet count
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in platelet count of test animals and the control group. Platelets
are fragments of large bone marrow cells that function to aid
blood clotting and also initiate the repair of walls of blood
vessels (Barrett and Ganong 2012).

Evaluation of serum biochemical indices in animals
has become the most valuable tools for assessing the
integrity and functionality of organs as well as risk as-
sessment, pathological condition, and general health sta-
tus of the body (Yusuf et al. 2018b). AST and ALT are
biomarkers of hepatic integrity and to a certain level
can be used to assess the extent of hepatocellular dam-
age. In this study, serum ALT and AST activity was not
significantly altered in test animals when compared with those
in the control group. This is an indication that the integrity of
liver has not been compromised.

Previous studies have used the levels of activities of serum
alkaline phosphatases as an indicator of the integrity of plasma
membrane (Lawal et al. 2016; Shittu et al. 2017). The ob-
served significant increase from the control values in the ac-
tivities of ALP suggests that the integrity and function-
ality of endoplasmic reticulum and plasma membrane
might have been comprised. This increase ALP activi-
ties could be a threat to cells that are dependent on a
variety of phosphate group for their vital process, e.g.,
synthesis of major membrane phospholipids (phosphati-
dylethanolamine and phosphatidylcholine) since there
may be over production of the phosphate group which
consequently affect membrane fluidity and altered the perme-
ability of the epithelial cells (Yakubu et al. 2015).

The levels of electrolytes, creatinine, and urea play impor-
tant roles in determining the synthetic and excretory roles of
the kidney (Ikanone et al. 2017). The significant increase in
serum urea and creatinine following the administration of the
extract may be due to the increased protein catabolism or may
be an indication of renal impairment, especially with regard to
the glomerular filtration rate which directly affects the rate of
clearance of waste substance by the kidney. The extract might
have either interfered with creatinine metabolism leading
to increased synthesis, or the tissue might have compro-
mised all or part of its functional capacity of tubular
excretion (Zilva et al. 1991). Increases in serum urea
levels as observed might be the effect of nephrotoxicity
of M. senegalensis extract which is also indicative of
impaired kidney function (Badole and Kotwal 2015).
Ikanone et al. (2017) stated that renal failure leads to
retention of creatinine and other non-protein nitrogenous
constituents of the blood which may be responsible for
the increases observed with the test groups in this study.
The non-significant effects in the level of Na+, K−, and Cl−

concentrations following administrations of M. senegalensis
extract at all doses tested suggest that normal functioning of
liver and kidney tubules as regards to these electrolytes was
preserved.

Conclusion

The methanol crude extract of M. senegalensis root bark ex-
hibits promising antimalarial, anti-inflammatory, and analge-
sic activity. The extract alters some functional integrity of the
kidney, and thus caution should be exercised when using the
extract for the above pharmacological activities or other oral
remedy.
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