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Abstract Newbouldia laevis (P. Beauv) is a medicinal plant traditionally used to treat various diseases across African
countries. In Nigeria the leaves of the plant are used in the treatment of convulsions, diabetes, and different bacterial
infections. In this study, the acute and sub-chronic toxicity profiles of the ethanolic extract of the leaves of N. laevis were
evaluated. The effects of the extract on water intake and food consumption change in body weight, hematological and blood
biochemical parameters like aminotransferases, creatinine and urea as well as histology of liver and kidney were assessed for
morphological changes and inflammatory cells. The median lethal dose (LDsg) ofthe extract was calculated to be 5400 mg/kg
in albino mice. In the sub-chronic toxicity study, all the biochemical and hematological parameters assessed in the treated
albino rats were not significantly different fromthe control except the platelet count that was significantly high at high doses.
Likewise, examination of liver and kidney sections did not show any morphological changes and inflammatory cells
infiltrations. The results of this study suggest that the ethanolic leaf extract of Newbouldia laevis has low toxicity profile
regarding hematological, blood biochemical and histological parameters.

Keywords Newbouldia laevis, Toxicity, Histopathology, Medicinal Plants

phases of drug development from medicinal plants to avoid
1. Introduction toxicity tragedies after such drugs might have been approved
for therapeutic purposes. One way to determine the toxicity
One of the basic goals of researchers in their effort to  hrofile of herbal preparations is to assess their effects on
discover new drugs is to develop new products with high hematological and biochemical parameters [4]. Newbouldia
therapeutic efficacy and low toxicity profile. To accomplish 7,46 (P. Beauv) is a medicinal plant that belongs to
this, more attention has been given to medicinal plants in the  Bjononjaceae family. It is native to tropical A frica and grows
recent years. This is because medicinal plants present arich  f0m Guinea Savannah to dense forests. It is found in Nigeria,
source of compounds that possess different therapeutic Senegal, Cameroon, Gabon, Angola and some other African
effects. However, most medicinal plants are yet to be countries [5]. Its common names are ‘African Border Tree’
thoroughly evaluated for their toxicity profiles. It is 4,4 ‘Fertility Tree’. In Nigeria, it is known by different
generally believed that medicinal plants and their products indigenous names such as ‘Aduruku’ (Hausa), ‘Ogirisi’
are safer than their synthetic equivalents. While in some (Igbo) and ‘Akoko’ (Yoruba). It is used by African
instances this may be true, a blanket assumption that (p4itional healers to treat various ailments like diabetes,
medicinal plants are free of toxic effects is not correct in itS  heymatism and toothache. In Nigeria, herbalists use
entirety. The fact that medicinal plants are of natural origin  gecoction of the bark to treat epilepsy and convulsions in
does not guarantee for their safety [1]. children. The leaves are soaked in ethanol for the treatment
Some medicinal plants that were once considered  ofdiabetes and sickle cell disease. Different parts of the plant
non-toxic have been reported to be hepatotoxic while some  haye also been reported to possess antimicrobial properties
have been reported to be responsible for renal impairment [2, [6, 7]. In spite of the widespread use of the leaves of
3]. Therefore proper and detailed toxicological assessment  pnewhouldia laevis as herbal remedy, reports on proper
should form a critical component of both early and late  (yxicologicalevaluation of the plant are lacking. In this study,
. ) we evaluated the acute and sub-chronic toxicity profiles of
Corresponding author: . . . .
tymkol@yahoo.co.uk (O.T. Kolawole) the ethanolic extract of the leaves of Newbouldia laevis using
Published online at http/journal.sapub.org/ ajmms hematological, blood biochemical and histological
Copyright © 2013 Scientific & Academic Publishing. All Rights Reserved parameters in albino mice and rats.
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2. Methodology

2.1. Preparation of Plant Extract

Leaves of Newbouldia laevis were collected from the
premises of College of Health Sciences, Ladoke Akintola
University of Technology, Mercyland, Osogbo Campus,
Nigeria. The leaves were identified and authenticated by a
taxonomist in Forest Research Institute of Nigeria (FRIN)
and a voucher specimen was deposited in the herbarium of
the institute (voucher specimen no: FHI 107753).

The leaves were thoroughly washed with distilled water to
remove soil and other debris that may contaminate the plant
sample. The washed sample was then air-dried under shade
in the laboratory for 5 days and the dry plant sample was
pulverized using an electric grinding machine. The resultant
powdersamp le weighing 500 g was then extracted with 80 %
ethanolat 70°C by continuous hot percolation using aSo xh-
let apparatus. The extraction was carried out for 24 h and the
resulting ethanolic extract was concentrated at 40C in a
rotary evaporator. The solid sample obtained weighed 47.5 g
(vield = 9.5%). The crude ethanolic extract was kept in
air-tight containerand stored in a refrigeratorat 4 °C until the
time ofuse.

2.2. Experimental Animals

Albino mice of both sexes weighing 25- 30 g and Wistar rats
of both sexes weighing 180- 200g were obtained from the
Animal Holding Unit of the Department of Pharmacology
and Therapeutics, Ladoke Akintola University ofTechnolo-
gy (LAUTECH), Nigeria. All experimental procedures were
conducted in accordance with National Institute of Health
Guide for the Care and Use of Laboratory Animals [8] as
well as Ethical Guidelines for the Use of Laboratory Animals
in LAUTECH, Ogbomoso, Nigeria. The animals were
housed in polypropylene cages inside a well-ventilated room.
A maximum of six animals of the same sex were kept in one
cage. The animals were maintained under standard labora-
tory conditions of temperature (22 + 2°C), relative humidity
(55-65%) and 12 hour light/dark cycle. During the whole
experimental period, animals were fed with a standard
balanced commercial pellet diet (Ladokun Feeds Ltd. Ibadan,
Nigeria) and potable tap water ad libitum. The animals were
allowed to acclimatize for 2 weeks before the experiment.

2.3. Acute Toxicity Study

Acute toxicity was studied in mice using the method of
Lorke [9]. After overnight fasting, mice of either sex were
randomly divided into 5 groups of 10 animals each. Five
doses were chosen such that the smallest dose caused no
death while the highest caused 100% mortality. Each of the
five doses ofthe extract was administered by oral gavage to
different group of mice. They were then allowed free access
to food and clean water and observed for the first 2 hours
and then at 6™, 12" and 24™ hour for any toxic symptoms.
The parameters observed were grooming, mood, hyperacti-
vity, sedation, loss of righting reflex, respiratory rate and

convulsions. After 24 hours, the number of mice that died
was counted in each group and percentage of mortality was
calculated. The percentage mortality at each dose level was
then converted to probit. The probit values were plotted
against log-doses and then the dose corresponding to probit
5 (ie., 50%) was determined as the LDsq of the extract.
Biostat 2007 5.1.4.0 (AnalystSoft) was used for the analysis.

2.4. Sub-chronic Toxicity Study

2.4.1. Experimental Design

Fourgroups (A, B, C,and D) of six rats each were used for
the study. Groups B, Cand D were, respectively, administer
ed 150, 300 or 500 mg/kg body weight of the ethanolic
extract orally by gastric gavage once daily forconsecutive 28
days. The doses were chosen based on effective therapeutic
doses of ethanolic extract of the leaves of N. laevis in rats as
reported earlier [10]. Group A which served as the control
was treated with normal saline (0.9% NaCl solution). Before
the initiation of dosing, the rats were left for 7 days to accli-
matize to laboratory conditions. All animals were monitored
for any deviations in normal behavior, fecal discharge,
movements and mortality on a daily basis during the 28-day
period of study. In addition, daily food intake of each group
of rats was also monitored. The body weight (in gram) of
each rat was recorded on day O and at weekly intervals
throughout the course of the study and the average body
weight for the groups was calculated. On day 28, the animals
received the last treatment dose. Sixhours later, each animal
was anaesthetized with intraperitoneal injection of sodium
pentobarbitone (40mg/kg body weight) and blood samples
were collected by cardiac puncture into EDTA anticoagula-
ted and non anti-coagulated tubes. The liver, kidney, heart,
lung, spleen, brain, testes and uterus were excised off the
body into separate bottles. The heparinized blood was used
for hematological studies while the blood in non anticoagu-
lated tubes was centrifuged at 1500 rpm for 10 min and the
sera collected into clean, dry tubes for biochemical analysis.

2.4.2. Food and Water Consumption

The amount of food and water consumption was evaluated
daily as known amount of food and water was given to each
animal in each cage. After 24 h, the remaining food and
water was taken fromthe cage and measured. To find out the
food and water consumption, remaining amount of food and
water was deducted from the total amount. Food intake was
calculated as g/100g body weight/day. Water intake was
calculated as ml/100g body weight/day.

2.4.3. Body Weight and Relative Organ Weight

Body weight of the rats was measured every week for the
four weeks of the experiment.

Liver, kidney, heart, lung, spleen, brain, testes and uterus
were collected, mopped with filter paper and weighed to
determine the relative organ weight. The relative organ wei-
ght was calculated and expressed as g/100 g body weight
using the following formula:
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Relative organ weight =

Absolute organ weight (g)

- - x100%
Body weight on sacrifice day (g)

2.4.4. Hematological Analysis

Within ninety minutes after blood collection, the samples
were subjected to hematological analysis on Sysmex
XE-2100 (Sysmex Corporation, USA), a fully automated
analyzer. The following hematological parameters were
determined: red blood cell count (RBC), white blood cell
count (WBC), hemoglobin (HB), packed cell volume (PCV),
mean cell volume (MCV), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration (MCH
C), platelet count, lymphocytes, monocytes, neutrophils,
basophils and eosinophils.

2.4.5. Biochemical Analysis

Serum aspartate aminotransferase (AST) and alanine amino
transferase (ALT) activities were estimated by the method of
Reitman and Frankel [11] using test kit (BioVision Inc.
USA). Alkaline phosphatase activity was estimated by the
method of Kind and King [12] using ALP test kit (Bio Vision
Inc. USA). Serumcreatinine was estimated by a commercial
kit (Vitro Scient Co.) based on modified kinetic Jaffe
reaction [13], while serum urea was estimated by a method
based on modified Urease-Berthelot method [14] using
commercial kit (Randox Laboratories Ltd, UK). Total
bilirubin was estimated by an assay based on the method of
Malloy and Evelyn [15]. Total protein and serum albumin
were estimated by the method of Tietz,[ 16] and globulin was
calculated by subtracting albumin from total protein value.

2.4.6. Histopathological Examination
The method described by Aliyu et al. [17] was followed.

After blood collection, the liver and kidney were carefully
dissected fromthe abdominal region. They were preserved in
buffered formalin for 72 hr and then sliced into a thickness of
2.5mm. The tissues were dehydrated with alcohol of graded
concentrations. They were further embedded in paraffin wax
and cast into blocks. Sections of the tissues were then cut on
a microtome to S5pum. These sections were later spread onto a
slide and allowed to dry. The slides were subsequently
stained in hematoxylin- eosin and examined under a light
microscope for morphological changes and infiltration of
inflammatory cells. Photomicrographs of the samples were
taken and interpreted.

2.5. Statistical Analysis

Data obtained from the experiments are expressed as mean +
standard error of mean (SEM). The data were subjected to
one-way analysis of variance (ANOVA) and Student’s -
Newman-Keultest to determine the statistical significance of
differences between groups. Differences were considered to
be significant when P < 0.05. GraphPad Prism version 5.0
for windows was used for these statistical analyses
(GraphPad software, San Diego California USA).

3. Results

With the administration of up to 1000 mg/kg of the extract,
mortality was not recorded and no adverse effects were
observed in the animals. When the dose was further
increased, behavioural changes such as reduced motor
activity, sedation and unresponsiveness to auditory stimuli
and light touch were observed. Mortality was also recorded
and LDsy was calculated to be 5400 mg/kg from the
dose-response curve (Figure 1).
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Figure 1. Plot for the calculation of LDsg of N. laevis leaf extract
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Figure 2. Photomicrograph ofthe liver of rats treated with the extract of M.
laevis (magnification x200). (A) Normal control; (B) 150 mg/kg; (C) 300
mg/kg; (D) 500 mg/kg

All the rats used for the sub-chronic toxicity study
appeared normal before, during and after the treatment.
Mortality was not observed at any of the dose levels used in
this study. A significant (P < 0.05) reduction in water intake
was observed in the first and second week of study following
the administration of the extract (Table 1). Water intake then
increased to a level that was not significantly different from
the control in the third and fourth week of the study. When
compared with the control in the corresponding week, food
consumption was significantly decreased (P < 0.05) in the

71

groups treated with 300 and 500 mg/kg of the extract in the
first week of the experiment. This was followed by an
increase in food consumption throughout the remaining three
weeks of the study (Table 2).

Examination of liver (Figure 2) and kidney (Figure 3)
sections of untreated and extract-treated rats showed no
histological abnormalities. Hepatic lobular architecture was
normal and infiltration of inflammatory cells was notobser-
ved in any of the experimental groups.

Figure 3. Photomicrograph of the kidney of rats treated with the extract of
N. laevis (magnificationx 200). (A) Normalcontrol; (B) 150 mg/kg; (C) 300
mg/kg; (D) 500 mg/kg

Table 1. Effect of N. luevis leaf extract on water intake in normal rats (ml/day) (Expressed as mI/100g body weight/day)

Dose (mg/kg) Week 1 Week 2 Week 3 Week 4

Control 118.54 £6.31 12724 £5.52 119.71 £8.03 12430 £5.74
150 101.04 +£5.54% 12432 £4.13 11237 +6.81 119.55 £6.34
300 98.74 £6.22* 110.11 +£4.63* 114.84 £5.60 128.64 £4.42
500 94.02 +£5.72* 107.50 +6.42* 11794 +4.63 126.72 £6.52

Values are mean + SEM (n = 6); *P < 0.05 compared with the control

Table 2. Effect of N. laevis leaf extract on food consumption in normal rats (g/day) (Expressed as g/l 00g body weight/day)

Dose (mg/kg) Week 1 Week 2 Week 3 Week 4
Control 86.12 £5.73 88.74 £9.32 92.64 £10.22 95.42 +8.51
150 82.40 £5.33 85.62 £7.14 89.44 +6.55 93.86 £10.85
300 68.03 +4.50* 83.81 £5.72 94.92 +£6.93 91.51 £6.25
500 62.84 +3.34* 93.64 £5.80 90.71 £5.73 97.63 +£5.74

Values represent mean + SEM (n = 6); *P < 0.05 compared with the control

Table 3. Effect of N. laevis leaf extract treatment on average body weight changes in normal rats (g)

Dose (mg/kg) Week 0 Week 1 Week 2 Week 3 Week 4
Control 17845 +8.42 182.52 £9.05 190.33 £9.51 196.62 £10.12 204.79 +8.53
150 18225 £8.72 177.58 +7.94 194.82 +8.17 197.56 +£9.83 198.94 +10.28
300 17550 +7.68 16144 +8.67* 182.54 £9.03 18828 +10.11 197.88 +9.42
500 189.78 £9.28 167.63 £8.03* 187.20 £10.16 189.10 +7.57 196.75 +8.48

Values represent mean + SEM (n = 6); *P < 0.05 compared with control
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Significant decrease (P < 0.05) in body weight was observed
in the group treated with 300 and 500 mg/kg body weight of
the extract in the 1% week of the experiment. The weight
subsequently picked up but there was no significant
difference compared with the control during the remaining
period of the study (Table 3).

No significant change was observed in the relative weight
of all the organs except the spleen where a significant (P <
0.05) increase was recorded in the groups treated with 300
and 500 mg/kg of the extract (Table 4).

Significant increase (P < 0.05) in the platelet count which
was not dose dependent was observed in the groups treated
with 300 and 500 mg/kg of the extract. Allother hematolo-
gical parameters were insignificantly different from the
control although there were slight increase in the levels of
RBC, WBC, HB and PCV (Table 5). The extract caused a
slight dose-dependent increase in the level of alanine ami-
notransferase (ALT) and aspartate aminotransferase (AST)
but the increase was not significant with the administered
doses. Likewise, all other biochemical indices were not
significantly different from the control (Table 6).

Table 4. Effectof N luevis leaf extract treatment on relative organ weights in normal rats (g/100 g body weight)

Control 150 mg/kg 300 mg/kg 500 mg/kg
Liver 345+003 351001 349+003 354+£002
Heart 039+0.02 041+0.02 041+001 038+0.03
Lung 0.67+0.03 0.63+0.01 0.71+0.03 0.69+0.02
Spleen 039+0.04 035+0.02 0.67+0.02* 080+£0.01*
Brain 0.79+0.03 0.74+0.03 0.82+0.02 0.77£0.04
Kidney 0.63+0.05 0.69+0.02 0.66+0.04 0.74+0.02
Testes 1.73+0.05 1.82+0.03 194+0.03 196 +0.04
Uterus 045+0.04 051+0.06 048+003 0.53+0.05

Values represent mean + SEM (n = 6); *P < 0.05 compared with the control

Table 5. Effect of N. laevis leaf extract treatment on hematological parameters in normal rats

Treatment groups and Dose (mg/kg)
Parameter Control 150 300 500
RBC (x10 ?/L) 827+047 8.64+0.71 8.83+057 975+0.19
PCV (%) 41.68 £4.73 39.86 +3.40 40.34 £2.84 41.52 £3.64
HB (g/dL) 16.66 +1.73 16.94 £2.02 17.15 £ 1.61 17.83 £2.91
WBC (x10°/L) 14.38 £2.23 14.76 £3.14 16.51 £3.22 17.24 £2 50
MCV (fl) 62.32 £5.28 62.57 £4.42 61.94 £5.20 62.49 £4.05
MCH (pg) 17.39 £2.85 19.03 £2.40 18.62 £2.92 18.95 £1.73
MCHC (g/dL) 31.68 £3.26 32.05 £2.87 30.71 £3.81 32.46 £2.50
Platelet (x10°/L) 22630 =842 229.87 £10.72 27623 £9.60* 258.55 £9.43*
Lymphocytes (%) 57.78 +£5.63 55.42 £3.63 59.05 +4.41 57.57 £6.26
Monocytes(%) 032+0.15 026+0.11 046+0.10 037+0,13
Neutrophils (%) 38.50 £3.62 39.14 £4.71 37.86 +£3.33 38.50 +£4.09
Eosinophils (%) 220+0.04 242+0.02 326001 223+0.02
Basophils (%) 096+0.05 0.64+0.02 0.58+ 0.06 040+0.03

Values are expressed as mean = SEM (n = 6); *P < 0.05 compared with the control

Table 6. Effect of N. [aevis leaf extract on blood biochemical parameters in normal rats

Treated groups
(mgkg)
Parameters Control 150 300 500

AST (IUL) 133.83 £6.75 13326 £5.50 13874 £6.04 14133 £8.64
ALT (IU/L) 65.20 +4.91 64.77 £5.02 67.61 £3.85 68.47 £5.40
ALP (IUL) 14625 £7.65 150.84 £9.53 148.08 £720 152.54 £7.83
Creatinine (mg/dL) 0.63+0.09 0574011 059007 066+0.14
Urea (mg/dL) 31.5+574 20.82 £3.62 30.73 £5.25 31.86 £3.64

Total protein (mg/dL) 7434126 8.05+0.79 7924104 883+141

Albumin (mg/dL) 5144084 567+121 532+071 595063
Globulin (mg/dL) 2294165 238140 260+131 288+147
Total bilirubin 171+030 1.83+0.54 167+022 192+0.16

(mg/dL)

Values represents mean + SEM (n = 6)
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4. Discussion

Traditionally, herbal products are considered non-toxic
and have been used by general public and traditional healers
worldwide to treat various ailments. However, the fact that
an herbal preparation is of natural origin does not necessarily
make it safe. The active ingredients of plant extracts are
chemicals like those of synthetic or purified drugs. In low
amounts, they may be ineffective, while in the right amounts,
they may prove beneficial. When large quantities are used
and for a prolonged period, plant extracts may be injurious to
health. They have the potential to cause serious toxic
effects[2]. Therefore in this study, the acute and sub-chronic
toxicity studies of the ethanolic extract of the leaves of
Newbouldia laevis were carried out. These toxicity studies in
animals are usually necessary for any drug intended for
human consumption. The information obtained from such
studies could be used to estimate the therapeutic index of
drugs. These studies are also useful in selecting doses for
chronic toxicity studies and providing preliminary identific-
ation of target organs of toxicity [18].

In the acute toxicity study, adverse reactions such as
sedation, reduced motor activity, unresponsiveness to light
touch and auditory stimuli were observed only when the dose
of'the extract was increased above 1000 mg/kg body weight
(results not shown). The LD50 (dose of the extract that
caused 50 % mortality in the animals) was calculated from
the dose-response curve as 5400 mg/kg. This suggests that
the extract was non-toxic according to a toxicity
classification [19]. The toxic effects observed at very high
doses was likely caused by the chemical constituents of the
leaves of N. laevis such as tannins, saponins, terpenes and
flavonoids [10].

In the sub-chronic toxicity study, there was no mortality or
any toxic manifestations observed at any of the doses
selected throughout the study period. Changes in body and
organ weight are valuable indicators for predicting the
toxicity of a compound or plant extract [20, 21]. The
significant reduction in body weight of the animals observed
after one week of treatment with the extract could be normal
physiological and adaptational responses media- ted by
the extract through suppression of appetite [22]. These
probably explain the observed reduction in food and water
intake during the first week of toxicity study. However the
weight subsequently increased suggesting that the extract did
not exert adverse effects on the treated animals. The absence
of significant changes in the organs except the spleenseems
to suggest that ingestion of the extract did not induce organ
damage in the treated animals. The observed significant
increase in spleen weight could be due to a rise in the activity
of'the hematopoietic system caused by the ethanolic extract.
Histopathological examination of the liver and kidney in
treated and untreated rats indicates that the extract is
non-toxic at the doses and for the period of 28 days it was
administered. Neither morphological changes norinflamma-
tory cells were observed in the tissues during histopatholo
gical assessment of liver and kidney samples at all the test

doses.

Estimation of blood parameters is crucial in evaluating the
toxicity of drugs as changes in hematological system in
animal studies have a high predictive value for human [23].
Allblood parameters estimated in the treated rats, except the
platelets did not show significant difference compared with
the control group. However it should be noted that the levels
oferythrocytes (RBC), leucocytes (WBC), hemoglobin (HB)
and packed cell (PCV) slightly increased. The slight increase
in these parameters and the significant increase observed in
platelets may be due to stimulatory effect of the extract on
the production of hematopoietic regulatory elements such as
thrombopoietin, erythropoietin and colony — stimulating
factors by the stromal cells and macrophages in the bone
marrow [24]. The slight increase in WBC may also be due to
the normal immunological reaction of the animals to foreign
substances.

There was no significant difference in the levels ofaspar-
tate aminotransferase (AST), alanine aminotransferase (ALT)
and alkaline phosphatase (ALP) between extract-treated and
control groups. ALT is a cytoplasmic enzyme found in very
high concentration in the liver [5]. An increase in the serum
level ofthis specific enzy me indicates hepatocellular damage.
Although AST is less specific than ALT as a marker of liver
damage, elevation in the serum levels of the two enzymes is
an indicator of tissue damage and altered membraneperme
ability [25] while alkaline phosphatase is a marker
ofobstructive jaundice and intrahepatic cholestasis [26].
Administration of the extract did not cause any significant
changes in the levels of these enzymes. This again indicates
that the extract is not toxic to rats at the doses administered.

In conclusion, the present study suggests that the ethanolic
extract of Newbouldia laevis has low toxicity profile
regarding hematological, blood biochemical and histological
parameters in albino rats.
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