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Abstract

Background: Azadirachta indica, Khaya senegalensis, Anogeissus leiocarpus and Tamarindus indica are important
ethnomedicinal plants used for health mitigation since the history of mankind. They are used discretionarily in
folkloric medicine on the premise that they are natural products devoid of synthetic preservatives. However, nature
endows plants with metabolites for warding off potential attacks from animals and the environment. Some of these
metabolites are responsible for toxicity of some plants. Furthermore, drug-induced liver injuries and nephrotoxicity
are the leading causes of pharmaceutical attrition of promising drug candidates in clinical trials. Thus, we aimed to
evaluate the safety of four ethnomedicinal plants in short-, medium- and long-term usage.

Methods: Rats dosed once with 5000 mg/kg extracts of each of these plants served as acute study (AS) while rats
dosed daily with 2000 mg/kg for 2, 12 and 14 weeks served as sub-acute (SAS), sub-chronic (SCS) and chronic (CS)
studies, respectively. Rats administered distilled water served as the negative control (NC).

Results: A. leiocarpus and T. indica significantly reduced percentage weight gain in the SCS compared to the NC. A.
leiocarpus significantly (P< 0.05) increased transaminases and alkaline phosphatase in the AS only; and total protein
(TP) in the AS, SAS, SCS and CS compared to the NC. K. senegalensis significantly (P< 0.05) increased alanine
aminotransferase but significantly (P< 0.05) decreased TP in the AS only compared to the NC. However, A. indica
and T. indica significantly (P< 0.05) increased globulin and aspartate transaminase in the CS only. Whereas A.
leiocarpus and K. senegalensis significantly (P< 0.05) increased urea and creatinine in the AS than SAS, SCS and CS;
Na+ and K+ were significantly higher in the SCS and CS studies compared to the NC. The histological lesions seen
ranged from cellular degeneration, congestion, fibrosis to necrosis.

Conclusion: Thus, nonlethal, reversible toxic insults occur in short-term usage (AS); while, insidious lethal toxic
effects occur in medium-term (SAS) and long-term usage (SCS and CS). The ability of these plant to maintain
adequate hematological parameters, bodyweight and absence of mortality may explain free usage of preparations
made from these plants in folkloric medicine.
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Background
Ethnomedicinal plants have been widely used in humans
and animals as therapeutic remedies for the treatment,
mitigation and prevention of diseases in traditional
medicine for centuries in both developed and developing
countries. The general perception is that medicinal
plants are natural products devoid of synthetic preserva-
tives and therefore, safe for discretional uses. Over 85%
of disease conditions of humans and animals, ranging
from bacterial infections to cancer and immunological
disorders are treated with either natural products or
compounds derived from natural products [1]. Natural
medicines are fast becoming mainstay primary health-
care alternatives worldwide, with approximately 50% of
the USA population using natural medicines for the
treatment and prevention of ill-health conditions [2].
About 70% of therapeutic compounds in use today or
currently in clinical trials are obtained directly from
natural products or synthesized from natural products
[1]. This has led to the codification of the natural envir-
onment as a rich source of unique biodiversity for
pharmaceutical lead-compound identification and drug
discovery [3]. The drug discovery process is complicated
and interwoven, requiring not only information about
pharmacodynamics and pharmacokinetic parameters of
the compound but also, more importantly, its safety [4].
Drug-induced liver injury and nephrotoxicity are the

leading causes of pharmaceutical withdrawals of promis-
ing drug candidates in clinical trials [5, 6]. Whereas,
aminotransferases and to a lesser extent, alkaline phos-
phatase, sorbitol dehydrogenase, glutamate dehydrogen-
ase, gamma-glutamyltransferase, total bilirubin, total bile
acids, and 5′-nucleotidase are the commonly evaluated
biomarkers in drug safety assessment of hepatotoxicity;
blood urea nitrogen, serum creatinine, sodium and phos-
phorous are the common endpoint indicators used to
evaluate renal function [7]. Therefore, assessment of at
least four serum parameters, involving a minimum of
two for each of the hepatocellular and hepatobiliary
serum biomarkers has been recommended for a safety
study of xenobiotics [8]. The high susceptibility of
kidneys to xenobiotics may not be unconnected with a
copious volume of circulating blood (about 25% of car-
diac output), which contains compounds (xenobiotics)
or their metabolites delivered to the kidneys for filtra-
tion. Furthermore, the sole responsibility of nephrons in
the processes of urine formation aggravates the concen-
tration of toxicants contained in the blood in renal tubu-
lar fluid [5]. Although efforts are ongoing to identify
specific urinary biomarkers to study the effects of poten-
tial drug candidate on kidneys and to monitor renal
function with some successes being made, Food and
Drug Administration of the United States of America
still recommends the use of blood urea nitrogen and

serum creatinine in rats as reliable indicators of toxic in-
sult to the kidneys [9].
Azadirachta indica A. Juss. (Maliaceae), Anogeissus

leiocarpus (DC.) Guill. & Perr. (Combretaceae), Khaya
senegalensis (Desv.) A. Juss. (Maliaceae), and Tamarin-
dus indica L. (Fabaceae) are important medicinal plants
with wide ethnomedicinal and scientifically validated
applications. T. indica is used to treat constipation, ab-
dominal pain, wounds, diarrhoea and dysentery, fibril
conditions and malaria [10] A. leiocarpus is used to treat
tuberculosis, cough, toothache and dental caries, intes-
tinal parasites, fungal infection, wound, malaria, diabetes
and viral infections [11]. Similarly, K. senegalensis is
reported to be effective against intestinal parasites,
bacterial infections, diabetes, helminthosis, cancer and
trypanosomiasis [12]. The ethnopharmacological appli-
cations of A. inidca include management of tuberculosis,
malaria, cancer, diarrhoea, gastric ulcer, wound and fun-
gal infection [13]. While medicinal plants are generally
regarded as safe medicines with a wide margin of safety,
nature has endowed them with metabolites to ward off
potential attacks from animals and the environment.
These metabolites are responsible for the pigmentation,
fragrance and toxicity of some of these plants [14].
Recently, we reported the potential antitrypanosomal
effects of stem-bark extracts of A. leiocarpus and K.
senegalensis [15]. It is, therefore, necessary to study their
safety margins. Thus, we aim to investigate A. indica, K.
senegalensis, A. leiocarpus and T. indica for safety in
short- (acute), medium- (sub-acute) and long- (sub-
chronic and chronic) term uses in rat.

Materials and methods
Chemical and reagents
The chemicals used were analytical grade and include:
methanol 99.8%, hexane 96.0% and ethyl acetate 99.5%.
With the exception of anisaldehyde sulphuric acid which
was a general purpose reagent, all other reagents used
were laboratory reagents and include: galcia acetic acid,
sulphuric acid, acetic acid, chloroform, bismuth subni-
trate, distilled water, potassium iodide, alcoholic potas-
sium hydroxide 20%, alcoholic aluminium chloride 2%
and alcoholic ferric chloride 2%.

Plant collection and identification
The leaves of Azadirachta indica and Tamarindus
indica; and stem-barks of Anogeissus leiocarpus, and
Khaya senegalensis were collected in Area BZ of the
main campus of Ahmadu Bello University (ABU), Zaria
(11°9′48.21048″N 7°38′5.91828″E). The plants were
identified at the Herbarium, Department of Botany,
Faculty of Life Science, ABU, Zaria by Namadi Sunusi
and the voucher number of each plant was obtained as
follow: A. indica- 900,151, T. indica- 602, A. leiocarpus-
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1738 and K. senegalensis- 900,181. The collected plant
parts were separately dried in the laboratory to a con-
stant weight.

Plant extraction
Five hundred gram of each of the pulverized plants was
extracted with 2.5 L of absolute methanol using Soxhlet
apparatus. Each distilled extract was concentrated to
dryness in vacuo using a rotary evaporator. The dried
extracts were kept in labeled containers and stored at
room temperature in the laboratory until required. The
percentage yield of each extract was calculated.

Preliminary phytochemical screening of the extracts
Phytochemical screening of each extract for the presence
of phenolic compounds, alkaloids, anthraquinones and
steroids and triterpenes was done on thin-layer chroma-
tography plates (TLC)- silica gel 60 TLC254 plate (Merck
KGaA, Germany). The plates were sprayed with ferric
chloride, Dragendoff’s, Bontragers and Liebermann-
Burchard reagents for phenols, alkaloids, anthraquinones
and steroids and triterpenes, respectively.

Experimental animals
The Wistar rats used for the study were obtained from
the Animal Room of the Department of Veterinary
Pharmacology and Toxicology, A.B.U., Zaria. Outbred
rats were used for the study. The rats were fed rat chow
and water was provided ad libitum. The animals were
kept in clean iron cages at room temperature through-
out the study. The bedding was changed twice weekly
throughout the duration of the experiment. Permission
for the use of rats was given by the Ethical Committee
on Animal Use and Care, Ahmadu Bello University,
Zaria (reference number: ABUCAUC/2019/005) and the
rats were handled according to its guideline, in line with
international best practices for animal experimentation.

Determination of median lethal dose (LD50)
Limit dose of 5000 mg/kg [16] was used to determine
the LD50 of each extract.

Acute, sub-acute, sub-chronic and chronic toxicities
studies
Acute, sub-acute, sub-chronic and chronic toxicity stud-
ies [17] of the crude methanol extract of each plant were
carried out. Twelve nulliparous rats were divided into
four groups of 3 rats each. Single oral administration of
5000 mg/kg of the extract of A. leiocarpus was used for
acute study (AS) while daily administration of 2000 mg/
kg of the same extract for 2, 12 and 14 weeks was used
for sub-acute study (SAS), sub-chronic study (SCS) and
chronic study (CS), respectively. Rats in group IV were
administered distilled water (negative control, NC). The

same procedure was replicated for A. indica, K. senega-
lensis, and T. indica. All the rats were observed closely
for any sign of toxicity within first 6 h of administration
and twice daily: morning (7:00 am) and evening (7:00
pm). A thorough physical examination was carried out
at the end of each experiment. Thereafter, the rats were
euthanized by jugular venesection. Three milliliters of
blood was collected from each rat into a plain sample
bottle, allowed to stand on the laboratory bench in an
inclined position for 15 min and then centrifuged at
3000 ×g for 10 min. The resulting serum was transferred
into an appropriately labeled Eppendorf tube for serum
biochemical evaluations. One milliliter of blood was also
collected from each rat into an EDTA bottle for
haematology.

Percentage bodyweight changes and organosomatic index
(OSI) of liver and kidneys
The percentage bodyweight change of each rat was ob-
tained by dividing the bodyweight of each rat at the end
of the experiment with the bodyweight at the beginning
of the experiment and multiplied by 100%. While OSI of
liver and kidney of each rat was obtained by dividing the
weight of the organ with the weight of that rat at the
end of the experiment.

Haematological parameters
Packed cell volume was determined with hematocrit
centrifugation at 3000 ×g for 15 min, total and differen-
tial white blood cells were determined by mechanical ex-
pansion, optical magnification and supravital cell
staining [18].

Liver function test
Serum levels of transaminases, alkaline phosphatase,
total protein, albumin and globulin were determined
with AGAPPE® assay kits (Switzerland) according to the
manufacturer’s instructions.

Kidney function test
Serum levels of urea, creatinine, Na+ and K+ were deter-
mined with AGAPPE® kits (Switzerland) according to
the manufacturer’s instructions.

Histology liver and kidney
After euthanasia, the rats were placed on dorsal recum-
bency and a midline incision was made on the ventral
aspect starting from the base of the neck down to the
umbilicus. The liver and the kidneys were carefully exte-
riorized and cut off and immediately fixed in Bouin’s so-
lution. Each sample was dehydrated through a graded
series of ethanol and embedded in paraffin. Paraffin sec-
tions of the sample were sliced into 5 mm thickness and
mounted onto coated slides. Before staining, sections
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were dewaxed in xylene and rehydrated through a de-
creasing series of ethanol. The sections were stained
with hematoxylin and eosin.

Statistical analysis
Values obtained were expressed as mean ± standard
error of the mean (±SEM), and subjected to two-way
analysis of variance followed by Bonferoni post-test for
multiple comparisons of the groups. Graph Pad Prism
version 5.0 was used. Values of P < 0.05 were considered
statistically significant.

Results
Percentage yields of the extracts
The crude methanol extracts of the four plants yielded
17.98 g (Khaya senegalensis), 18.90 g (Anogeissus leiocar-
pus), 34.23 g (Azadirachta indica) and 31. 54 g (Tamar-
indus indica).

Preliminary phytochemical screening
Thin-layered chromatographic screening of the crude
methanol extracts of the four plants showed that all the
plants contain alkaloids, phenols and steroids and triter-
penes. In addition, K. senegalensis also contains
anthraquinones.

Acute toxicity study
None of the rats administered extracts of A. leiocarpus,
A. indica and T. indica showed any apparent sign of tox-
icity at the limit dose of 5000mg/kg evaluated. However,
two rats in the K. senegalensis-treated group showed
mild lethargy and depression within 24 h of administra-
tion but recovered thereafter and showed no morbidity
or mortality throughout the 14-day observation period.

Physical examination
Generally, no severe physical changes were observed in
the rats. However, depression, lethargy, rough and hair
coat were observed in the rats administered K. senega-
lensis and A. leiocarpus at 5000mg/kg within 24 h of the
administration. Similar signs were observed in the rats
administered extract of A. leiocarpus at 2000mg/kg dur-
ing the SA, SC and C studies. However, the animals re-
covered thereafter.

Percentage bodyweight (PBW) changes and liver and
kidney organosomatic index (OSI)
Sub-chronic administration of A. leiocarpus and T.
indica significantly (P< 0.001) decreased the percentage
weight of rats compared to rats in the NC group
(Table 1). Generally, there was no significant increase or
decrease in the OSI of liver and kidneys in all the rats
treated with extracts of the four plants (Tables 2 and 3).

Liver function test
Results of toxicological studies on liver function test are
shown in Table 4. Single administration of 5000 mg/kg
of A. leiocarpus significantly (P< 0.05) increased the
values of ALP, aspartate aminotransferase (AST) and
ALT when compared to the NC. Similarly, A. leiocarpus
significantly (P< 0.05) increased total protein (TP) in the
AS compared to the NC. Paradoxically, administration
of A. leiocarpus in AS produced significantly (P< 0.05)
higher values of ALP and AST than SAS, SCS and CS.
A. indica and T. indica produced significantly (P< 0.05)
higher values of globulin and AST in the CS only com-
pared to the NC. The two plants did not produce any
statistically significant changes in all other parameters
evaluated. K. senegalensis produced significantly (P<
0.05) higher values of ALT in the AS, SAS, SCS and CS
compared to the NC. Similarly, K. senegalensis produced
significantly (P< 0.05) higher values of ALP in the AS,
SCS and CS compared to SAS and the NC. Surprisingly,
the values of ALT and ALP are significantly (P< 0.05)
lower in the AS and SCS than in the CS. AST showed
significantly higher value in the CS only compared to
the SAS and the NC. TP is significantly (P< 0.05) lower
in the AS than the NC, which is also lower (P> 0.05) in
the SAS, SCS and CS groups compared to the NC.

Effect of treatments on kidney function test
Administration of A. leiocarpus significantly (P< 0.05) in-
creased urea and non-significantly increased K+ (P>
0.05) compared to the NC (Table 5). Surprisingly, ad-
ministration of A. leiocarpus in AS produced signifi-
cantly (P< 0.05) higher values of urea and creatinine
than in the SAS, SCS and CS. Administration of 2000
mg/kg of A. leiocarpus for 14 weeks in the SCS and CS
produced significantly higher Na+ and K+ compared to

Table 1 Effect of short, medium and long term oral administration of extracts of four ethnomedicinal plants in rats on percentage
body weight change

Type of toxicity study Anogeissus leiocarpus Azadirachta indica Tamarindus indica Khaya senegalensis Distilled water

Acute 141.5±6.64 160.6±11.88 149.7±9.53 143.5±5.19 105.7±16.34

Sub-acute 4.35±0.46 4.91±0.30 3.82±0.84 4.63±0.37 4.60±0.80

Sub-chronic 14.34±1.25a** 15.84±1.05 14.04±2.06a** 16.20±1.41 19.08±0.70b

Chronic 18.95±1.39 18.12±1.05 19.16±1.13 19.48±0.52 21.32±0.87b

Keys: * = 0.05; ** = 0.001. Different superscripts indicate significant difference
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the NC; while AS and SAS yielded significantly (P< 0.05)
lower Na+ and K+, respectively. The results of adminis-
tration of K. senegalensis show that urea and creatinine
had significantly (P< 0.05) higher values in the AS, SAS,
SCS and CS compared to the NC. SAS produced signifi-
cantly (P< 0.05) lower urea compared to the SCS and CS
values. Na+ is significantly higher only in the CS than
the NC. SAS showed significantly (P< 0.05) lower Na+

than in the CS. K. senegalensis produced significantly
(P< 0.05) higher values of K+ at in the SCS and CS com-
pared to the AS, SAS and NC.

Effects of treatment on haematological parameters
Prolonged administration of K. senegalensis for 12 weeks
significantly (P< 0.05) increased haemoglobin concentra-
tion compared to the NC (Table 6). Other parameters
did not produce significant (P< 0.05) increase or de-
crease in the values compared to the NC.

Histology
Liver
Administration of extracts of A. leiocarpus and K. sene-
galensis at 5000mg/kg for AS produced degenerative
changes in the hepatocytes (Fig. 1: VI). SAS of T. indica
also showed degenerative changes in the hepatocytes.
Whereas congested occluded sinusoids (Fig. 1: IV) and
cellular infiltration (Fig. 1: V); and congestion of central
vein (Fig. 1: III) were seen in hepatocytes of rats treated
with K. senegalensis and A. leiocarpus, respectively, in
the SAS; prolonged administration of the two plants in
the SCS and CS produced foci necrosis (Fig. 1: VIII) and
congestion and necrosis (Fig. 1: VII), respectively. While
congestion was seen in the hepatocytes of rats adminis-
tered extract of T. indica at 2000mg/kg in the CS (Fig.

1: III), no any histological changes indicative of patho-
logical changes was seen in the hepatocytes of rats ad-
ministered A. indica (Fig. 1: II).

Kidney
While the nephrons of rats administered extract of A.
leiocarpus in the AS and SAS showed congested blood
vessel (Fig. 2: III), SCS and CS groups showed necrosis
(Fig. 2: IV). Congestion, necrosis and mononuclear cell
infiltrations (Fig. 2: V) were seen in the nephrons of rats
treated with extracts of K. senegalensis (SCS and CS
only). Vacuolation (Fig. 2: II) was seen in the nephron of
rats administered extract of A. indica in the SCS only.

Discussion
The apparent lack of morbidity and absence of mortality
in the determination of median lethal dose (LD50) of the
four plants show that their LD50 is exceeds 5000mg/kg.
According to Lorke [19] and Tauheed et al [20], a chem-
ical or drug candidate with an LD50 of 5000 mg/kg or
greater is acutely safe and can be used for therapeutic
purposes. The apparent safety level recorded in the
present study underscores non-safety dose optimisation
usage of medicinal plants in folkloric medicine. This
agrees with the finding of Tauheed et al [20], who ob-
served that the use of a wide range of doses of decoction
and infusion of medicinal plants in traditional medicine
could be due to their wide margin of safety.
Bodyweight changes and organo-somatic index (OSI)

have been used to predict the toxic effects of exogenous
compounds [21]. Because of the importance of the liver
and kidneys in drug metabolism and excretion, ratio-
metric differences of these organs were compared with
the bodyweights of treated rats. The significantly lower

Table 2 Organosomatic index of liver of rats subjected to short, medium and long term oral administration of extracts of four
ethnomedicinal plants

Type of toxicity study AL AI TI KS DW

Acute 2.876±0.100 2.489±0.328 2.835±0.493 3.053±0.481 3.923±0.584

Sub-acute 3.241±0.235 3.756±0.343 3.285±0.528 3.686±0.250 3.247±0.584

Sub-chronic 3.661±0.492 2.913±0.329 3.226±0.575 3.337±0.210 3.294±0.584

Chronic 3.370±0.217 2.848±0.344 3.088±0.256 2.890±0.413 3.227±0.584

AL Anogeissus leiocarpus, AI Azadirachta indica, TI Tamarindus indica, KS Khaya senegalensis, DW Distilled water

Table 3 Effects of short, medium and long term oral administration of extracts of four ethnomedicinal plants in rats on kidney
organosomatic index

Type of toxicity study AL AI TI KS DW

Acute 0.351±0.024 0.263±0.037 0.338±0.038 0.363±0.034 0.446±0.035

Sub-acute 0.335±0.041 0.356±0.031 0.309±0.029 0.402±0.0177 0.369±0.035

Sub-chronic 0.386±0.022 0.314±0.022 0.351±0.054 0.433±0.024 0.375±0.035

Chronic 0.401±0.037 0.261±0.043 0.382±0.035 0.361±0.027 0.367±0.035

AL Anogeissus leiocarpus, AI Azadirachta indica, TI Tamarindus indica, KS, Khaya senegalensis, DW Distilled water
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Table 4 Liver function test of rats subjected to short, medium and long term oral administration of extracts of four ethnomedicinal
plants

Group Type of toxicity study ALT (U/I) AST (U/I) ALP (U/I) TP (g/dL) Albumin (g/dL) Globulin (g/dL)

Anogeissus leiocarpus Acute 52.57±1.38a 69.69±2.56a 157.8±3.25a 7.58±0.15a 4.18±0.12 4.03±0.21

Sub-acute 41.36±1.53b 53.01±5.36b 126.6±3.50b 10.17±0.45b 4.71±0.39 4.06±0.09

Sub-chronic 43.85±2.08 48.74±1.20b 127.1±3.30b 9.83±0.30b 6.82±0.15 4.36±0.12

Chronic 43.72±3.34 50.69±0.86b 125.7±5.21b 9.7±0.43b 4.55±0.14 4.23±0.43

Azadirachta indica Acute 43.27±2.68 54.97±5.17 128.2±3.85 10.28±0.14 5.37±0.09 4.64±0.22

Sub-acute 40.8±4.63 50.18±4.28 125.2±6.19 9.89±0.30 4.87±0.08 3.96±0.18b

Sub-chronic 40.94±3.48 49.33±1.84 128.4±1.98 9.84±0.44 5.29±0.1 4.41±0.19

Chronic 42.04±4.01 55.78±4.28 125.7±4.90 9.89±0.25 5.09±0.22 5.02±0.22a

Tamarindus indica Acute 40.1±2.93 50.73±1.3.82 123.94±5.43 8.66±0.26 4.84±0.14 4.36±0.21

Sub-acute 42.31±3.74 47.51±4.90 129.11±5.10 9.93±0.41 5.91±0.12 4.82±0.25

Sub-chronic 46.97±7.09 56.9±3.83 126.9±1.95 10.91±0.27 6.01±0.45 5.41±0.41

Chronic 37.94±4.11 61.22±5.71a 130±3.74 10.33±0.35 5.77±0.35 5.05±0.27

Khaya senegalensis Acute 57.87±3.38a,x 55.66±4.24 152.9±3.52a,x 7.57±0.14a 3.94±0.24 3.96±0.14

Sub-acute 54.95±3.35a,x 49.81±3.82b 125±5.55b 8.36±0.23 4.12±0.37 4.29±0.26

Sub-chronic 64.06±2.39a 57.01±4.54 156.6±4.14a,x 8.03±0.45 4.02±0.20 3.56±0.30a

Chronic 70.25±2.84a,y 68.64±1.57a 191.7±2.99a,y 8.06±0.27 4.4±0.49 4.2±0.12

Distilled water 39.53±2.73b 49.31±3.79b 126.3±2.42b 10.06±0.19b 5.25±0.14 4.72±0.17

a and b = significant difference between each group and control (distilled water) group; while x and y = significant different within each group

Table 5 Effects of prolonged oral administration of extracts of four ethnomedicinal plants in rats on kidney function assay

Group Type of toxicity study Urea (mmol/L) Creatinine Na+ (mmol/L) K+ (mmol/L)

Anogeissus leiocarpus Acute 5±0.23a 22.43±0.59a,x 135.2±0.60 4.47±0.09x

Sub-acute 4.27±0.19b,x 13.71±0.15b,x 133.7±0.52x 4.66±0.10x

Sub-chronic 5.29±0.22a,y 56.76±0.63a,y 136.9±0.28a,y 5.167±0.15a

Chronic 5.71±0.10a,y 57.11±0.65a,y 137±0.18a,y 5.367±0.22a,y

Azadirachta indica Acute 3.94±0.32 14.61±0.21 134.9±0.07 4.34±0.13

Sub-acute 4.04±0.18 14.24±0.41 134.8±0.43 4.407±0.31

Sub-chronic 4.03±0.26 14.37±0.25 134.7±0.15 4.349±0.13

Chronic 3.99±0.23 14.14±0.54 134.8±0.28 4.347±0.1

Tamarindus indica Acute 3.88±0.20 15.47±0.85 139.11±0.42 4.22±0.15

Sub-acute 3.62±0.27 13.68±0.42 136.49±0.15 5.07±0.20

Sub-chronic 4.09±0.21 14.91±0.33 136.14±0.27 4.96±0.06

Chronic 4.45±0.33 14.23±0.35 133.75±0.35 4.64±0.21

Khaya senegalensis Acute 4.65±0.10a 15.32±0.07a 135.3±0.24 4.7±0.07x

Sub-acute 4.37±0.12a,x 15.18±0.16a 134.9±0.52x 4.72±0.18x

Sub-chronic 4.63±0.05a,y 15.55±0.13a 135.9±0.09 5.52±0.12a,y

Chronic 4.74±0.06a,y 15.58±0.09a 136.3±0.17a,y 5.89±0.12a,y

Distilled water 3.93±0.05b 14.17±0.22b 134.8±0.24b 4.29±0.16b

a and b = significant difference between each group and control (distilled water) group; while x and y = significant different within each group
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Table 6 Effects of prolonged oral administration of extracts of four ethnomedicinal in rats on blood parameters

Type of toxicity study AL AI TI KS DW

Packed cell volume (%)

Acute 41.67±2.03 39.00±5.51 33.33±2.60 44.33±3.48 41.67±4.41

Sub-acute 40.67±0.33 37.33±2.40 39.67±3.38 44.67±7.13 40.67±3.71

Sub-chronic 31.00±0.208 41.33±2.91 40.00±1.00 47.67±6.84 38.67±2.40

Chronic 32.00±0.346 39.67±2.03 40.67±1.76 40.67±1.76 39.33±2.91

Haemoglobin

Acute 13.67±0.88 13.10±1.73 12.10±0.59 14.53±1.35 13.37±1.77

Sub-acute 13.03±0.26 12.53±0.87 13.53±0.79 13.10±2.62 11.07±0.52

Sub-chronic 10.33±0.88 13.10±1.10 12.40±1.20 16.10±2.05a* 11.43±0.98b

Chronic 9.33±0.67 11.10±0.59 12.10±0.67 11.67±0.33 11.97±1.00

Total red blood cell count (× 109 L)

Acute 7.23±0.15 7.93±0.58 7.17±0.44 7.60±0.57 7.37±0.71

Sub-acute 7.43±0.28 6.63±0.86 7.37±0.35 7.60±0.90 7.80±0.42b

Sub-chronic 7.60±0.40 7.20±0.57 6.93±0.07 8.50±0.75 7.60±0.50

Chronic 7.23±0.50 8.40±0.64 7.60±0.50 9.07±1.02 8.10±0.78

Total white blood cell count

Acute 10.53±1.01 13.03±0.55 7.40±0.92 11.60±0.87 9.23±1.42

Sub-acute 9.60±0.70 7.37±1.17 10.43±0.64 9.97±1.76 10.40±0.72

Sub-chronic 7.13±2.23 6.97±2.12 7.63±2.06 7.57±1.72 4.97±0.67b

Chronic 5.97±1.60 8.20±1.67 6.57±2.23 8.33±1.29 10.17±1.77

Neutrophil (%)

Acute 19.67±1.20 29.00±2.65 34.33±2.96 26.00±7.02 33.00±3.51

Sub-acute 23.00±1.73 38.00±3.79 30.33±2.03 26.33±4.26 33.67±3.18

Sub-chronic 30.67±2.33 29.33±3.28 18.33±2.91 38.00±4.73 32.33±1.20

Chronic 31.00±1.00 39.00±0.00 36.00±3.79 22.00±2.08 33.67±2.91

Lymphocyte (%)

Acute 66.67±6.57 67.67±4.26 55.67±4.06 65.00±5.57 53.67±5.90

Sub-acute 65.67±4.26 52.00±4.73 48.67±8.74 53.00±6.56 49.33±5.93

Sub-chronic 55.33±6.77 52.67±4.63 70.33±9.53 58.67±4.60 55.67±6.67

Chronic 60.33±5.93 60.33±0.33 59.33±5.78 54.67±3.18 62.00±1.53

Monocyte (%)

Acute 6.00±1.15 2.00±1.15 5.33±1.20 2.33±0.33 5.67±1.86

Sub-acute 5.33±3.53 0.00±0.00 1.33±1.33 5.33±1.33 2.00±1.15

Sub-chronic 2.33±1.86 7.33±2.40 4.00±2.00 1.33±0.88 5.00±2.08

Chronic 5.33±2.19 0.33±0.33 3.33±2.33 6.67±0.67 3.67±2.19

Eosinophil (%)

Acute 0.33±0.33 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00

Sub-acute 1.33±1.33 2.00±2.00 0.00±0.00 0.67±0.67 0.00±0.00

Sub-chronic 0.00±0.00 2.33±1.20 0.33±0.33 1.00±0.58 0.00±0.00

Chronic 1.33±1.33 1.67±1.20 0.00±0.00 2.33±2.33 0.00±0.00

Band neutrophil (%)

Acute 0.33±0.33 0.67±0.67 1.00±0.58 0.67±0.67 1.00±0.58

Sub-acute 0.33±0.33 0.33±0.33 0.67±0.67 4.67±3.71 1.00±0.58

Sub-chronic 1.33±1.33 0.67±.33 0.00±0.00 1.00±0.58 0.33±0.33
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Table 6 Effects of prolonged oral administration of extracts of four ethnomedicinal in rats on blood parameters (Continued)

Type of toxicity study AL AI TI KS DW

Chronic 0.67±0.67 0.33±0.33 1.33±1.33 1.33±0.33 0.67±0.67

AL Anogeissus leiocarpus, AI Azadirachta indica, TI Tamarindus indica, KS Khaya senegalensis, DW Distilled water. Superscripts: a and b indicate significant difference;
P < 0.05* and P< 0.001**

Fig. 1 Histological sections of liver showing varying degrees of pathologies. I: rats administered distilled water showing normal hepatocytes. II:
hepatocytes of rats treated with extracts of Azadirachta indica showing no pathology. III: congested central vein (CCV); IV: congestion and
occluded sinusoids (arrow heads), with no communications with the central vein (CV); V: congestion and mononuclear cell infiltration (arrows); VI:
degenerative hepatocyte; VII: congestion (C) and necrosis at 12 and 6 O’clock (N) and VIII: foci necrosis (N)
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weight gain observed in the rats treated with T. indica
may not be due to obvious physiological perturbation
since the plant demonstrated protective rather than toxic
effects in all the parameters evaluated. The ability of
some medicinal plants to decrease weight gain has been
used to manage obesity [22]. Although clinical and
histological findings from the present study showed
varying degrees of toxicity, wet OSI of liver and kidneys
did not reveal significant changes. Our results agree with
the earlier results of Onu et al. [23] who reported non-
significant change in the OSI of kidney and heart of rats
subjected to sub-chronic administration of K. senegalen-
sis and Tantulo and Fotedar [24] who demonstrated no
difference in OSI of black tiger prawn juveniles. It fol-
lows that significant changes in OSI may occur following
extensive insult to the body. OSI may, therefore, not be
a sensitive parameter for toxicological studies and its in-
terpretation should be made with caution.

A. leiocarpus and K. senegalensis significantly increased
serum levels of ALT, AST and ALP at various time in-
tervals, thus, indicating toxic insults to the liver. Unlike
AST and ALP which are found in high proportion in
other organs and tissues of the body (eg, skeletal muscle,
heart, liver, kidney, pancreas and erythrocyte), ALT is
predominantly found in the cytosol of hepatocytes and is
the most sensitive biomarker of hepatocellular injury
used for the assessment of functional integrity of the
liver or otherwise toxic insult to the liver [7]. Higher
values of aminotransferases (ALT and AST) recorded in
our study may indicate hepatocellular injury, while
higher values of ALP show hepatobiliary injury. Leakage
of transaminases to the extracellular compartment oc-
curs following damage to the liver which is rapidly de-
tected in the serum. Whereas elevated values of ALT
may be seen in enzyme induction in rats [25] and
muscle injury, elevated AST often occurs following

Fig. 2 Kidney histology of the experimental rats. I: rats administered distilled water showing normal kidney histology; II: vacuolar degenerations
(V); III: congested blood vessel (BV); IV: necrosis (N); V: congestion (C), necrosis (N) and mononuclear cell infiltration (arrows); VI: congested
glomerulus (CG)
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damage to other organs/tissues. However, the magnitude
of ALT elevation is often greater than AST when both
enzymes are elevated due to liver damage. This has been
attributed to the longer half-life of ALT and the binding
of a sizable proportion of AST to mitochondria [26].
ALP is the most widely used biomarker of hepatobiliary
injury in common preclinical species. Serum ALP levels
increase when the patency of the bile duct is reduced
and is used in a nonclinical and clinical marker of chole-
static liver injury [25, 27]. The Aminotransferases play a
critical role in amino acid metabolism by retaining
amino groups during amino acid degradation for subse-
quent synthesis of new amino acids [28]. The signifi-
cantly higher values of the transaminases, especially in
the A. leiocarpus-treated group may explain the lower
weight gain recorded in this group. High values of ami-
notransferases in the serum mean that the enzymes are
being lost, which negatively affects amino acid synthesis,
and, thus promotes muscle wastage and consequently,
lowers bodyweight gain. Whereas K. senegalensis signifi-
cantly decreased TP in the acute study only, A. leiocar-
pus produced a significant reduction in TP in the AS,
SAS, SCS and CS. Thus, it may be inferred that A. leio-
carpus exhibited a sustained depressant effect on the
liver and produces prolonged inhibition of protein syn-
thesis. Low protein levels have been shown to be due to
extensive liver damage [29].
The concomitant increase in the levels of urea, cre-

atinine, Na+ and K+ at various levels of treatment with
the plants could be attributable to renal impairment,
leading to the inability of the kidneys to regulate the
amount of these substances that are excreted from the
body. Although even a marked increase in serum urea
may not point towards primary renal dysfunction since
increased urea excretion is a sequel to increased protein
metabolism, a marginal increase in serum creatinine has
been reported to have a grave long-term consequence
on the survival of the patient [30]. Creatinine is a late in-
dicator of acute renal injury [31] and has been used as
one of the primary indicators of acute kidney injury [32].
The plants used in the present study are not haemo-

toxic since they maintained normal blood parameters in
all the studies. The ability of the tested plant extracts to
maintain adequate haematological parameters may ac-
count for their apparent wide margin of safety and thus,
maybe the reason why preparations made from these
plants, and perhaps other medicinal plants, are used
freely.
Histological examination of tissues and organs is used

to corroborate physical and clinical findings and aids de-
finitive diagnosis. The observed histopathological lesions,
ranging from nonlethal changes (eg, degeneration, con-
gestion) to lethal changes (eg, necrosis) indicate some
levels of toxic insults to the chief metabolizing and

detoxifying (liver) and excretory (kidneys) organs in the
body. Whereas degenerative changes often indicate non-
lethal injuries to cells, necrosis indicates terminal, lethal
injury to cells [33]. Our findings showed that acute stud-
ies produced predominantly degenerative changes in the
hepatocytes. This implies that acute studies are associ-
ated with mild, reversible damage to the liver in the
form of cellular degeneration, which corroborates our
clinical findings. We reported significantly higher values
of aminotransferases, particularly, ALT; a liver-specific
enzyme. Clinical and histopathological findings in this
study further revealed salient insult to the liver which is
often missed during routine acute toxicity study in the
determination of median lethal dose. In routine LD50 de-
termination, animals are dosed once and observed for
14-day before they are sacrificed for clinical and histo-
logical examinations. Indeed, mild insults like the transi-
ent elevation of aminotransferases in the serum and
congestion and degenerative changes in the histological
section might have resolved during the 2-week observa-
tion period and no obvious lesions may be seen on day
14. Nonetheless, routine LD50 determination is still use-
ful since only a fraction of the LD50 is used for thera-
peutic evaluation. This is the reason why several authors
have reported earlier that compounds with LD50 of
5000 mg/kg is acutely safe [19, 20, 34] and the recom-
mendation by the WHO that such compounds can be
used for therapeutic studies [35]. Furthermore, we ob-
served that intermediate and prolonged administrations
for 2 and 12–14 weeks, respectively, are associated with
lethal cellular injuries in the form of necrosis and
fibrosis.
Only K. senegalensis showed a nephrotoxic effect. It is

possible that K. senegalensis is concentrated in the renal
tubules and thus provokes a cellular response in the
form of congestion, cellular infiltration and necrosis.

Conclusion
We conclude that Anogeissus leiocarpus, Khaya senega-
lensis, Azadirachta indica and Tamarindus indica (and
perhaps, other medicinal plants) are not devoid of toxic
effects, especially when large doses are used. The
obvious lack of morbidity and mortality does not rule
out pathology but because rats are not immediately
sacrificed (eg, keeping animals for 14 days) after admin-
istration (single dose in the case of acute toxicity study)
or last administration (for continuous dosing in the case
of long-term studies) of plant extract(s) or pharmaceut-
ical agents, the transient rise in the traditional bio-
markers of liver (transaminases and other enzymes) and
kidney function tests are reversible and might have
resolved before the animals were sacrificed. Single large
dose administration in short-term use produces greater
reversible toxic effects on important organs of
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metabolism and excretion than one-quarter of the same
dose used over a prolonged period of medium- (4 weeks)
and long-term (12–14 weeks) uses. The ability of these
plant extracts to maintain adequate hematological pa-
rameters, bodyweight and absence of mortality may be
responsible for free usage of preparations made from
these plants in folkloric medicine. Finally, the study
showed that A. leiocarpuss and K. senegalensis are more
toxic than A. india and T. indica.
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