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ABSTRACT
Background and Objectives: Medicinal plants have become popular in the search ofa cure for
various hepatopathies with a considerable number of herbal products being used for the
management of liver ailments. However, most, including Hura crepitans (HC), have not been
_____________________________________________________________________________________________________
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toxicologically evaluated. The present study was aimed at determining the phytoconstituents of HC,
their antioxidant potentials and safety in animals.
Place and Duration: The study was performed at the Department of Biochemistry and
Biotechnology, KNUST, Kumasi and subacute toxicity studies lasted for 14 days.
Materials and Methods: Hydroethanolic extracts and fractions of the leaves and stem back of HC
were assessed for their phytochemical constituent,DPPH and FRAP scavenging activities and total
phenolic and total flavonoid content. The acute and sub acute oral toxicity of the hydroethanolic
stem back of HCin animals was evaluated using standard methods to establish the LD50, effect on
weight, haematological and biochemical parameters.Phytochemical characterization was achieved
using standard methods.
Results: The study showed that HC contained tannins, saponins, flavonoids, coumarins,
glycosides, and triterpenoids. The hydroethanolic extract of the stem bark (EES) showed the
greatest antioxidant potential. The LD50 estimate of the hydroethanolic extract of stem back was
greater than 5000 mg/kg body weight/oral route, while the doses used in this study up to 1000
mg/kg body weight/oral route was safe. The extract generally did not cause any significant
decrease in the weight of animals nor were there significant differences in relative organ weights in
treated animals compared to the normal group. Haematology, liver function, kidney function, and
serum electrolyte parameters were within the normal ranges in treated animals when compared to
the control group.
Conclusion: The results showed that oral administration of hydroethanolic extract of Hura
crepitansin animals up to 1000 mg/kg body weight is considered safe as it causes no significant
derangement in clinical and haemato-biochemical parameters measured.

Keywords: Hura crepitans; toxicity; phytochemicals; antioxidants; LD50.
forests. It is fondly planted in the cities and
villages for its shade. In Nigeria, it is known as
“aroyin” by the Ijesa people. It is known as
“abrokoyin” by the Akan-Fante people of Ghana,
and popularly called “okafɔodidi” by most
Ghanaian folks. The tree has sharp spiny stem
bark which makes it also to be called “monkey
no-climb”. A detailed review of the plant has
previously been published [16].It has been used
as purgative, emetic, antimicrobial, antiinflammatory and hepatoprotective agents. It has
also been used in the treatment of mucous
diarrhoea in both dogs and humans [17]. Studies
on this plant include the bactericidal properties
and phytochemical screening [18,19] with a
dearth of information on the toxicity of this tree in
man and animals. The emergence of novel
antibiotics is a very lengthy and pricy process
and the success rate for clinical authorization is
very low [20].

1. INTRODUCTION
Medicinal plants have been the driving force of
traditional herbal medicine amongst rural
dwellers in most parts of Africa [1-4] where the
cost of conventional treatment with the use of
therapeutic agents is not within the reach of the
populace [5]. In this poor resource setting, the
aqueous and ethanolic decoctions of some
medicinal plant parts is often used for cure and
management of various ailments including
hepatopathies. Some of the medicinal plants
reported by various workers include Byrsocarpus
coccineus (Connaraceae) leaf decoction [6],
aqueous extract of Artemisia absinthium L. [7],
aqueous extracts of root tubers of Daucoscarota
L. [8], methanolic extract of Helminthostachys
zeylanica L. (Hook rhizomes) [9], aqueous root
extracts of Rhoicissus tridentata L. [10], ethanolic
extracts of Ziziphus mauritiana Lam. Leaves [11],
Adansonia digitata (baobab) fruit pulp [12],
extracts of the seed of Apium graveolens L. [13],
leaf extract of Cassia occidentalis [14], Alchornea
cordifolia (Schum and Thonn) leaf extract [15]
and several others.

With the presence of diverse ingredients
(phytochemicals), medicinal plants do not
customarily aim at a particular ailment, but as a
source of a holistic array of chemicals focusing
on the entire health of an individual. For this
reason, fewer side effects are reported as
compared to conventional drugs and hence they
are thought to be safe and as effective as
conventional
drugs.
However,
some
allelochemicals,
pathogens,
agrochemical

In Ghana and other parts of West Africa, one of
the most useful medicinal plantsis Hura crepitans
L. (family Euphorbiaceae). Also called the
sandbox tree, the plant is native of tropical
America, and widely dispersed in tropical rain
2
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residues, phytotoxins, fungal toxins, and heavy
metals present, pose several health threats when
consumed [21,22].This, therefore, raises a
concern of safety, hence the need for thorough
chemical evaluation of safety and efficacy of
natural products. Usually, toxicants are classified
based on their chemical nature, mode of action,
or class (exposure class and use class). The
exposure classifies toxicants as occurring in
food, air, water, or soil and by use drugs are
classified as drugs of abuse, therapeutic drugs,
agriculture chemicals, food additives, pesticides,
plant toxins (phytotoxins), and cosmetics [23].

taxonomist (Dr. D. H. Sam, Department of
Pharmacognosy, KNUST, Kumasi, Ghana) as
that of H. crepitans. The voucher specimens
were deposited at the herbarium of the
department
(KNUST/HM1/2017/SB001
and
KNUST/HM1/2017/L003).The stem bark sheaths
and the leaves were cut into small pieces,
thoroughly washed under tap water and air dried
for three weeks under room temperature. They
were then ground separately into powdered
forms with a laboratory grinding mill. Collected
powdered samples were stored in air- and waterproof containers protected from direct sunlight
and heat until required for extraction.

Acute toxicity testing permits the 50% lethal dose
(LD50) of the investigational product to be
determined. The LD50 was used as an indicator
of acute toxicity previously. The determination of
the LD50 involves large numbers of animals, and
the mortality ratio is high. Because of these
limitations, modified methods were developed:
the fixed dose procedure (FDP), the acute toxic
category (ATC) method, and the up-and-down
(UDP) method [24].Currently the following
chemical labelling and classification of acute
systemic toxicity based on oral LD50 values are
recommended by the Organisation of Economic
Co-operation and Development (OECD, Paris,
France): very toxic, ≤5 mg/kg; toxic, >5≤50
mg/kg; harmful, >50≤500 mg/kg; and no label,
>500≤2000 mg/kg [25].Most used medicinal
plants are however considered safe based on the
long duration of usage. However, the subacute
and chronic toxicity profiles of these medicinal
plants are useful in certifying medicinal products
and making them more attractive for general use.

2.2 Extraction of the Hydroethanolic and
Aqueous Extracts of Stem Back and
Leaves
A 1kg amount of plant material (stem bark
andleaf) was extracted five times by percolation
using 5 L of 50% of hydroethanolic solution
(50:50 v/v ethanol: water). Resulting extracts
were pulled together and concentrated using a
rotary evaporator (Buchi R205, Switzerland) at
60∘C under pressure. The extract was freezedried (Labconco, England) to obtain the
powdered form of crude extracts. The aqueous
extracts were prepared by decoction by boiling
100 g in 1 L distilled water. The decoctions were
filtered, allowed to cool and freeze-dried. The
crude extract was transferred into zip locks and
stored in a fridge till used. The crude extracts
were designated as Aqueous extract of stem
bark (AES),aqueous extract of leaves (AEL),
hydroethanolic extract stem bark (EES) and
hydroethanolic extract of leaves (EEL). All
experiments were conducted in the laboratories
of the Department of Biochemistry and
Biotechnology and Central Laboratory, Kwame
Nkrumah University of Science and Technology,
Kumasi Ghana.

The present study was therefore designed to
determine the phytoconstituents(hydroethanolic
and aqueous leaves and stem back extracts) of
Ghanaian cultivar of H. crepitans, the antioxidant
potentials, acute and subacute oral toxicity of the
hydroethanolic stem back extract in male and
female animals in terms of clinical presentation,
LD50
determination,
effect
on
weight,
haematological and biochemical parameters to
support its continued use in traditional medicines.

2.3 Sequential Fractionation of
Extract (EES)

Crude

Hydroethanolic extract of stem back (EES) was
subjected to sequential fractionation with organic
solvents in order of increasing polarity as
follows:petroleum ether, ethyl acetate, methanol,
ethanol.Twenty (20) grams of extract was
weighed into a separating funnel and 200 mL of
the solvent was added and shaken vigorously for
proper extraction for 48 hours. The residue was
taken out, dried to evaporate the solvent, and
then extracted with the subsequent more polar
solvent. The final residue after the various polar

2. MATERIALS AND METHODS
2.1 Sample Collection and Preparation
Stem bark sheaths and leaves of Hura crepitans
were harvested from the forest of Ahodwo,
Kumasi in the Ashanti region of Ghana in the
months of October 2017. The stem bark which
had spines and the leaves were identified by a
3
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solvent extractions was designated as the
hydroethanolic fraction (HEE). The crude and
four fractions (petroleum ether, ethyl acetate,
methanolic and hydroethanolic) so obtained were
freeze-dried (Labconco, England).

added to 2 mL of 2% Na2CO3. After 2 minutes,
50% Folin-Ciocalteau reagent (100 μl) was
added to the mixture, which was then left for 30
minutes. Absorbance was measured at 750 nm
using Gallic acid as standard.

2.4 Preliminary Phytochemical Screening

Estimation of Total Flavonoid Content (TFC):
TFC was estimated on the aqueous and
hydroethanolicextracts of stem back by the
aluminium chloride colorimetric method, using
Gallic acid (10-100 mg/L) as a standard. The
principle of this technique is the formation of
complexes between AlCl3 and the keto or
hydroxyl groups of flavones, flavonols, and
flavonoids [30]. Briefly, 500 μL of the 1:20 diluted
and filtered extract (at an original concentration
of 100 mg/mL in methanol) was mixed with 1.5
mL of 95% methanol, 100 μl of 10% aluminium
chloride (AlCl3), 100 μl of 1 M potassium acetate
and 2.8 mL of distilled water. The mixture was
incubated at room temperature for 40 minutes
and the absorbance was measured at 415 nm.
The total flavonoid content was expressed as
Gallic acid equivalents mg /g dry weight.

Phytochemical tests were carried out for the
plant crude extracts. The crude extracts were
screened for the presence or absence of
secondary metabolites which include tannins,
alkaloids, phenolic compounds, saponins,
terpenoids using standard procedures with minor
modifications where necessary [26].

2.5 In vitro Antioxidant Activity
The plant extracts and fractions were examined
to determine their antioxidant activities using the
following assays; DPPH, FRAP, total phenolic
content (TPC) and flavonoid content (FC).
1, 1-Diphenyl-2-Picrylhydrazyl (DPPH) assay:
The effect of the H. crepitans extracts and
fractions on DPPH radical were estimated by
standard method [27]. The extract concentration
ranged from 50-500 μg in 4 mL of distilled water.
The absorbance of the resulting solution was
measured spectrophotometrically at 517 nm
against standard Gallic acid (50 μg). The radical
scavenging activity (RSA) was calculated as the
percentage of DPPHdiscoloration.
%

=

−

2.6 FTIR Analysis
The infrared spectra of the hydroethanolic stem
bark extract was recorded to confirm the
functional groups present using the Shimadzu
(8400S) Fourier Transform- Infrared (FTIR) with
KBr pellets. The functional groups present were
determined by comparing spectra with standard
IR tables.

× 100

2.7 Toxicity
Assessment
of
the
Hydroethanolic Extract of Stem (EES)

Ferric Reducing Antioxidant Power (FRAP)
assay: The ferric reducing activities of aqueous
and hydroethanolicextracts of stem back were
estimated spectrophotometrically following the
procedure of Benzie and Strain [28] which is
based on the reduction of Fe3+ TPTZ complex
2+
(colourless complex) to Fe tripyridyltriazine
(blue coloured complex) formed by the action of
electron donating antioxidants at low pH. The
absorbance was measured at 593 nm was
recorded against a reagent blank and Trolox.

The toxicity assessment was performed on the
hydroethanolic stem back extract since it had the
highest antioxidant activity and to support its use
in other biological assessments. The toxicity
assessment was based on methods previously
described by Arthur et al. [31]. Sprague Dawley
rats (160-230 g) and ICR mice (22-28 g) obtained
from the animal facility of the University of Ghana
Medical School, Korle Bu, Ghana, were used for
the study. They were, kept at the animal holding
facility of the Department of Biochemistry and
Biotechnology, KNUST, Kumasi. The animals
were kept in aluminium cages bedded with wood
shavings and at a uniform temperature of 22–25
◦
C, 12 h light dark cycle. Animals had free access
to feed (Mash, AGRICARE, Kumasi, Ghana) and
freshly prepared distilled water ad libitum prior to
commencement of study to acclimatize to

Determination of Total Phenolic Content
(TPC):
TPC
of
aqueous
and
hydroethanolicextracts of stem back was
determined using a standard method based on
Folin–Ciocalteu test [29]. 0.1 g of the extract was
dissolved in 5 mL of 0.3% HCl in methanol/water
(60:40, v/v). The resulting solution (100 μl) was

4
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laboratory conditions. The animals were given
colour codes on their tails using permanent
markers for easy identification. All animal studies
were performed according to the guidelines of the
Committee for the Purpose of Control and
Supervision of Experiment on Animals (CPCSEA,
New Delhi, India) and Guide for Care and Use of
Laboratory Animals(Washington, U.S.) [32]. All
animals were humanely treated and supervised by
a Veterinarian on the research team.

monitored daily and any abnormalities recorded.
The rats were anaesthetized and sacrificed on
the fifteenth day following an overnight fast.
Blood was collected by cardiac puncture.1.5 ml
of blood was collected in a vial containing 2.5 μg
of EDTA for haematological assay and 2.5 ml of
the blood into plain vacutainer tubes. The blood
was centrifuged at 1500 g for 10 min and serum
was collected and stored at – 70°C until needed
for biochemical assays.

2.8 Acute Toxicity in Mice

Effect of extract on organ weights in Rats:
Liver, kidney, heart, stomach, spleen, lung,
testes (male), and uterus (female) were excised
and washed in buffered saline solution, blotted
dry on tissue paper, observed grossly, and
weighed to obtain the Absolute Organ Weight
(AOW). The Relative OrganWeight (ROW) of
each organ was calculated using the following
formula.

Healthy 10 mice (male and female) weighing 2228 g were divided and housed by sex in groups
of 5 per cage for 7 days before the start of the
experiment. All animals had free access to water
and food except for a 12-hour fasting period
before oral administration of H. crepitans
hydroethanolic extract (EES). EESwas dissolved
in distilled water and administered by gavage at
a fixed dose of 5000 mg/kg using OECD fixed
dose method [24]. The general behaviour of mice
was observed continuously for one hour (1 h)
after the treatment and then intermittently for 4h,
and thereafter over a period of 24h and then
continued for 7 days for any signs of toxicity and
deaths, and the latency of death [26].

=

Treatment groups and collection of samples:
EES at 100, 250, 500 and 1000 mg/kg p.o. were
administered to 50 Sprague-Dawley rats, male
and female (180-220 g) in 5 groups, each of 5
rats per group, daily for 14 consecutive days.
Group A served as the control in either sex. The
control received 1ml of distilled water daily.
Group B, C, D, and E were treated with the
extract (100,250,500 and 1000 mg/kg p.o.)
respectively daily. The extracts were prepared to
deliversuch that not more than 1 ml were given
orally.

Effect of treatment on haematological
parameters
of
Rats:
Haematological
parameters including red blood cells (RBC),
white blood cells (WBC), haematocrit (HCT),
platelets (PLT), mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH),
and
Mean
corpuscular
haemoglobin
concentration (MCHC) were determined by an
automatic analyzer (Sysmex XT-2000lCELL-DYN
1700, Abbot Diagnostics Division, Abbot
Laboratories, Abbot Park, Illinois, USA).

Animals were weighed on the first day (D0) and,
thereafter, at the end of every four days using a
mass balance. The percentage change in the
bodyweight was calculated using the formula;
ℎ =

ℎ

−

ℎ
ℎ

× 100

Effect of treatment on Serum Biochemistry:
Levels of alanine aminotransferase (ALT),
gamma-glutamyl transferase (GGT), lactate
dehydrogenase (LDH) as well as determination
of total bilirubin (T-BIL), direct bilirubin (D-BIL),
indirect bilirubin (I-BIL), blood urea nitrogen
(BUN) and creatinine were performed using
Selectra E (Vital Scientific, Japan) automated
analyserand reagents from ELITECH (France).

2.9 Subacute Study in Rats

% ℎ

ℎ

2.10 Statistical Analyses

× 100

All numerical data were presented as mean ±
SEM and examined with a test of one-way
analysis of variance using GraphPad Prism for
Windows version 7.04 (GraphPad Software, San
Diego, CA, USA).Significant differences between
pairs of groups were calculated with the Tukey’s
Multiple Comparison Test at the significance of p
< 0.05.

Where, Weightn is the weight on D4, D8, D12,
and D14 and Weighto is the weight on the first
day (D0).
Animals were monitored closely for signs of
toxicity. Appearance and behaviour pattern were
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3. RESULTS

3.3 FT-IR Spectra of the EES

3.1 Phytoconstituents of HC

FT-IR
spectra
(%
transmittance
over
wavenumber) of H. crepitansEES are as shown
in Fig. 1 and Table 4. The extract was rich in
phenols, carboxylic acid groups, and other
compounds.

Table 1 shows the phytoconstituents of the crude
hydroethanolic extracts of HC. The presence (+)
or absence (-) of phytochemical constituents of
HC showed that alkaloids and sterols were
absent.
Tannins,
saponins,
flavonoids,
coumarins, glycosides, and triterpenoids were
constituents of HC.

3.4 Acute Toxicity
The acute toxicity study suggests that the lethal
dose is above 5000 mg/kg body weight,
administered. Observation of the animals over 24
hours showed that the dose did not lead to
mortality nor did it change the behavioural
pattern of the mice when compared to their
normal group.

3.2 In vitro Antioxidant Activity of Crude
Extracts and Fractions
Table 2 shows the DPPH scavenging activities of
crude extracts (EES and EEL) and fractions of
hydroethanolic stem back extract. The crude
hydroethanolic extract of stem showed the
highest scavenging activity with the petroleum
ether fraction of the leaf being the least.

3.5 Subacute Toxicity
The subacute toxicity study showed that the
lethal dose is above the highest dose of 1000
mg/kg body weight. Observation of the animals
over 24 hours showed that the doses ranging
from 100 mg to 1000 mg/kg body weight did not
lead to mortality nor did it change the behavioural
pattern of the rats when compared to the normal
group in both male and female rats.

Table 3 shows the Total Phenolic Content (TPC),
Total Flavonoid Content (TFC) and FRAP activity
of the crude stem back extracts of
HC.Hydroethanolic extract of stem showed the
highest phenolic and flavonoid content while the
aqueous extract had a better FRAP activity.

Table 1. Phytoconstituents of crude extract of stem bark and leaf of HC
Test
Tannins
Saponin glycoside
Flavonoids
Coumarins
Alkaloids
Glycosides
Triterpenoids
Plant sterols

Crude stem
++
+
+
+
++
+
-

Crude leaf
+
+
++
+
+
++
-

Table 2. IC50value (mg/ml) of DPPH radical (DPPH*) Scavenging abilities of extract of HC
Sample
Crude Aqueous
Crude Hydroethanolic
Methanolic fraction
Ethyl Acetate fraction
Petroleum Ether fraction
Hydroethanolic fraction

Stem
b
0.22±0.03
0.17±0.03a
0.46±0.09e
d
0.35±0.06
0.45±0.07e
0.29±0.03c

Leaf
b
0.35±0.03
0.19±0.05a
0.43±0.07c
d
0.60±0.04
0.91±0.09f
0.77±0.02e

Values represent the means of triplicate experiments. Values with the same superscript along the column are not
significantly different (p<0.05)
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Table 3. Total Phenol Content (TPC), Total Flavonoid Content (TFC) and Ferric Reducing
Antioxidant Property (FRAP) of crude extracts
Extracts
AES
EES

TPC
24.92 ±1.09a
b
31.19±3.53

TFC
8.92±2.01a
b
15.39±3.22

FRAP
31.46±4.10a
b
44.15±2.34

Values (mgGAE/g) represent the means of triplicate experiments. Values with the same superscript along
the column are not significantly different p<
p<0.05

Fig. 1. FT-IR
IR spectra of hydroethanolic extract of H crepitans stem back
Table 4. Functional groups present in hydroethanolic extract of H. crepitans stem back
-1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17

Wave Number (cm )
551.66
605.67
669.32
758.05
871.85
923.93
1047.38
1215.19
1359.86
1392.65
1444.73
1516.1
1614.47
1712.85
2360.95
2937.68
3396.76

Y (%T)
82.04
80.96
79.46
81.91
86.72
85.42
57.77
57.62
54.05
53.98
59.23
69.57
46.2
55.91
73.59
57.33
40.03

Bond
C-Br
C-Br
-C≡C-H: C-H
C-Cl stretch
N–H wag
O–H bond
C–N stretch
C–N stretch
C–H rock
Unknown
C–C stretch (in–ring)
Unknown
N–H bend
Unknown
Unknown
C–H stretch
O-H stretch

Effect of treatment on body weight: The effect
of treatment on percent change in body weight of
male and female rats is shown in Fig.
Fig 2. There
was an increase in body weight in normal and
treatment groups in both male and female except

Assignments
Alkyl halide
Alkyl halide
Alkynes
Alkyl halides
1°, 2° amines
carboxylic acids
aliphatic amines
aliphatic amines
nitro compounds
Unknown
Aromatics
Unknown
1° amines
Unknown
Unknown
Alkanes
Alcohols, phenols

for the period between D8 and D12 when all the
treatment groups except the 100mg/kg
decreased in weight. However, in the females,
fema
even the normal rats decreased in weight during
the D8 to D12 period. The normal group had the

7
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greatest increases in weight followed by the 100
mg group in males and 1000 mg/kg group in
females.

triterpenoids.
The
presence
of
these
phytochemicals asserts to the many applications
of H. crepitans in traditional medicine. Tannins
contain phenolics and carboxylic acids [29].
Tannin-rich plants are used in the healing of
several diseases while saponins are known to
have hypolipidemic and anti-cancer activities.
Flavonoids are important polyphenols and
severalfindings support their efficacy as free
radical scavengers [33]. Coumarins are known to
be useful in defence against pathogens,
regulates oxidative stress and hormonal action
[34]. Glycosides are bitter principles which are
used as astringents, as anti-protozoan and also
to
reduce
thyroxine
and
metabolism.
Triterpenoids are known to have antiinflammatory, insecticidal, sedative, and cytotoxic
activities [35]. These phytoconstituents are
expected to produce a synergy of therapeutic
effects [36]. Hura crepitansphytoconstituents
were supported by the FTIR spectra that indicate
the various functional groups.

Effect of treatment on Relative organ weight:
Table 5 shows the effect of treatment on relative
organ weight in rats. There were no significant
differences in the relative organ weights of the
rats except in the testes of rats at 500 mg/kg
b.wt.
Effect on haematological parameters: There
were no significant differences between the
control and treated rats with most haematological
parameters except for the white blood cell count
(WBC) which showed decreases in all treated
male rats, whereas there were increases in WBC
for female rats at higher doses of administration
(Table 6).
Effect
of
treatment
on
biochemical
parameters: Displayed in Table 7 are the effects
of treatment on some biochemical markers to
detect the state of some organs. There was a
significant increase in the GGT levels in both
male and female rats administered 500 mg/kg
and above. Urea levels were significantly
reduced in female animals in all treated groups.
Most biochemical data were unaffected by
extract treatment at all doses.

The percentage DPPH scavenging activities is a
basis for evaluating the free radical scavenging
potentials of the different extracts. This study
showed EES as having the greatest free radical
scavenging potential (as shown by the low IC50
value) and hence the greatest antioxidant
capacity amongst the crude extract and fractions.
The TPC, TFC and FRAP values (Table 3)
further confirm these observations.Plant-derived
polyphenols are potent antioxidants [37,38],
having the potentials of inhibiting carcinogenesis
[39].

4. DISCUSSION
Preliminary phytochemical screening showed
that
Hura
crepitans
contained
tannins,
saponins, flavonoids, coumarins, glycosides, and

Fig. 2. Effect of treatment on percent change in body weight of male and femaleanimals
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Table 5. The effect of treatment on relative organ weights in male and female animals

Liver(%)
Lungs(%)
Kidney(%)
Stomach(%)
Heart(%)
Spleen(%)
Testes/Uterus(%)

Normal
Male
Female
2.53±0.64 3.46±0.17
0.71±0.03 0.63±0.03
0.83±0.03 0.74±0.04
0.50±0.13 0.69±0.01
0.33±0.01 0.34±0.01
0.18±0.01 0.17±0.02
1.19±0.11 0.31±0.03

100 mg
Male
Female
2.93±0.09
2.83±0.13
0.62±0.10
0.65±0.03
0.73±0.02
0.76±0.03
0.70±0.04
0.68±0.02
0.31±0.01
0.31±0.02
0.22±0.01
0.21±0.02
1.21±0.03
0.31±0.04

250 mg
Male
Female
2.31±0.58
2.93±0.09
0.63±0.05
0.70±0.12
0.80±0.04
0.79±0.06
0.61±0.03
0.68±0.08
0.34±0.01
0.34±0.01
0.22±0.01
0.21±0.01
1.21±0.06
0.24±0.02

500 mg
Male
Female
2.84±0.05
3.32±0.11
0.73±0.04
0.68±0.05
0.74±0.01
0.73±0.03
0.60±0.02
0.71±0.03
0.32±0.01
0.34±0.02
0.23±0.02
0.26±0.02
1.02±0.07*
0.28±0.04

Values are expressed as mean ± SEM (n=5) * values significant at P<0.05

9

1000
Male
2.67±0.04
0.72±0.06
0.71±0.02
0.61±0.04
0.31±0.01
0.21±0.01
1.12±0.02

mg
Female
3.25±0.10
0.60±0.05
0.76±0.01
0.67±0.03
0.36±0.02
0.22±0.01
0.26±0.03
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Table 6. Effect of treatment on haematological parameters of male rats

Male
3
WBCx10 /µL
6
RBCx10 /µL
HGB gL
HCT%
MCV fL
MCH pg
MCHCg/dL
LYM%
NEUT%
RDW-SD fL
RDW-CV %
PDW fL
MPV fL
P-LCR %
PCT %
PLT /L
Female
3
WBCx10 /µL
6
RBCx10 /µL
HGB gL
HCT%
MCV fL
MCH pg
MCHCg/dL
LYM%
NEUT%
RDW-SD fL
RDW-CV %
PDW fL
MPV fL
P-LCR %
PCT %
PLT/L

Normal

100 mg

11.96±0.91
7.98±0.08
13.38±0.04
47.82±1.34
59.86±1.15
16.74±0.36
28.00±0.13
69.30±2.52
29.44±2.34
32.40±1.12
13.74±1.12
8.82±0.21
7.56±0.08
9.08±0.54
0.78±0.08
1026.20±109.21

9.02±0.64
8.06±0.08
13.60±0.11
49.36±0.42
61.22±0.57
16.88±0.14
28,00±0.13
75.28±1.53
24.72±1.53
33.34±1.09
13.56±0.49
8.64±0.28
7.42±0.15
7.60±0.87
0.67±0.03
897.40±37.80

8.60±1.04
7.21±0.21
12.74±0.34
43.58±1.01
60.52±0.45
17.70±0.55
29.28±0.74
67.98±0.94
31.06±1,00
30.40±0.37
12.14±0.27
8.64±0.29
7.36±0.14
7.52±0.92
0.66±0.03
899.60±51.38

250 mg
a

8.18±0.20
7.80±0.29
13.70±0.33
48.20±1.65
61.86±0.52
17.58±0.25
28.48±0.44
64.16±1.73
35.84±1.73
34.44±1.73
14.38±1.27
8.30±0.13
7.16±0.07
6.58±0.48
0.82±0,08
1146.20±105.46

500 mg
a

1000 mg
a

a

7.36±0.28
8.00±0.13
13.64±0.15
48.30±0.54
60.42±0.79
17.06±0.18
28.24±0.11
72.12±2.30
27.88±2.30
31.12±0.72
12.50±0.08
8.62±0.17
7.36±0.13
7.28±0.58
0.69±0.03
943.40±59.60

8.12±1.21
7.90±0.19
13.70±0.31
48.10±1.41
60.86±0.75
17.34±0.25
28.52±0.46
68.24±1.98
31.76±1.98
31.90±0.87
12.80±0.35
8.50±0.19
7.30±0.15
7.72±0.89
0.64±0.05
881±65.82

7.90±0.80
7.90±0.15
13.98±0.23
48.06±0.97
60.90±1.12
17.74±0.29
29.10±0.33
70.46±3.05
29.54±3.05
31.88±1.65
12.76±0.55
8.54±0.17
7.38±0.11
7.72±0.89
0.84±0.04
1135.40±53.46

8.20±2.13
7.26±0.10
13.10±0.15
45.30±0.91
62.40±1.04
18.03±0.03
28.93±0.45
69.43±4.40
30.57±4.40
32.30±0.21
12.70±0.35
8.93±0.58
7.57±0.35
9.24±2.14
0.68±0.06
909.67±116.66

11.85±2.26
6.98±0.12
12.65±0.33
43.13±0.44
61.88±1.28
18.15±0.62
29.33±0.49
62.80±3.32
37.20±3.32
32.13±0.67
12.83±0.56
9.13±0.51
7.60±0.32
9.25±1.84
0.62±0.09
823±131.94

a

a

11.60±0.90
7.19±0.12
12.98±0.17
43.63±0.56
60.70±0.63
18.08±0.27
29.75±0.20
64.05±3.25
35.95±3.25
30.63±0.86
12.08±0.43
8.45±0.21
7.30±0.15
7.23±0.75
0.89±0.05
1210.75±58.83

Values are expressed as mean ±SEM (n=5).Superscript a significant at P<0.05-0.001 compared with Normal
group

Toxicity testing remains paramount as it is the
only scientific basis for validating the safety
of
plant-based
preparations
in
the
traditional treatment of diseases. It has also
been
recommended
that
all-natural
products used in therapeutics be subjected to
safety tests by the same methods for new
scientific drugs [40,41]. In the acute toxicity
conducted, the LD50 ≥ 5 g/kg b.wt., thus
suggesting the safety of EES for acute conditions
[24]. The subacute toxicity study gave useful
interpretable data on safe dosage level p.o.,
targeted organ toxicity and possible deleterious
effects on the experimental animals. In this study
effect of EES was evaluated at the doses of 100,
250, 500 and 1000 mg/kg b.wt. in rats for 14
days.

Weight loss in treated animals is an index of
toxicity [42,43]. Generally, there were gains in
weights in treated animals as they were fed and
given water ad libitum showing that the extract
was not toxic at the different doses of
administration. Weight loss is known to occur
when
animals
lose
appetite
following
disturbances in the carbohydrate, protein or fat
metabolism as a result of the administration of
toxic material [44]. In addition, the relative organ
weights did not show any significant differences
compared to untreated animals, further
suggesting that the extract was not toxic at the
different administered doses.
Haematological parameters (Table 6) in treated
animals were also not significantly different from
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Table 7. Effect of treatment on biochemical parameters

Male
ALT (U/L)
GGT (U/L)
Creatinine (mmol/L)
Urea (mmol/L)
Potassium (mmol/L)
Sodium (mmol/L)
Chloride (mmol/l)
TCHOL.(mmol/l)
HDL-C (mmol/l)
LDL-C (mmol/l)
TRIG.(mmol/l)
FBG (mmol/l)
LDH (U/l)
Female
ALT (U/l)
GGT (U/l)
Creatinine (mmol/l)
Urea (mmol/l)
Potassium (mmol/l)
Sodium (mmol/l)
Chloride (mmol/l)
TCHOL.(mmol/l)
HDL-C(mmol/l)
LDL-C (mmol/l)
TRIG.(mmol/l)
FBG (mmol/l)
LDH (U/l)

Normal

100 mg

250 mg

500 mg

1000 mg

80.4±5.75
2.3±0.62
304.8±39.26
6.08±0.65
6.81±0.56
139.95±0.39
101.93±0.95
1.53±0.01
0.53±0.04
0.69±9.10
0.66±0.12
2.67±0.35
3607.67±290.57

78.46±2.69
3.25±0.49
331.5±27.73
5.38±0.21
6.60±0.10
140.18±0.31
103.23±0.67
1.47±0.04
0.64±0.07
0.58±0.10
0.55±0.08
2.69±0.14
3008.40±62.31

78.98±4.97
3.73±0.25
336.54±26.61
5.86±0.24
6.75±0.17
140.36±0.38
102.56±0.41
1.48±0-07
0.57±0.04
0.69±0.07
0.48±0.04
2.94±0.19
3177.10±164.33

72.78±4.50
a
5.96±0.89
307.2±26.14
6.72±0.15
6.70±0.08
139.74±0.75
102.16±0,52
1.42±0.07
0.53±0.04
0.67±0.05
0.49±0.06
2.74±0.22
2872.12±104.20

74.86±4.68
a
5.2±0.68
319.36±24.47
6.48±0.38
6.83±0.05
140.04±0.49
102.96±0.60
1.40±0.05
0.59±0.04
0.61±0.04
0.44±0.05
2.72±0.13
2592.52±176.10

82.74±5.13
2.14±0.17
336.72±35.15
9.86±0.55
7.00±0.21
140.42±0.31
103.54±0.53
1.87±0.14
0.73±0.05
0.75±0.17
0.87±0.07
3.37±0.32
3493.84±452.46

72.42±5.33
3.25±0.49
340.56±41.17
a
7.75±0.78
6.84±0.11
138.98±0.39
101.88±0.48
1.66±0.06
0.66±0.05
0.64±0.06
0.80±0.06
3.19±0.17
3261.84±93.39

74.33±4.85
3.73±0.25
317.93±60.57
a
7.39±0.65
6.83±0.15
139.03±0.22
101.63±0.34
1.70±0.14
0.66±0.05
0.78±0.08
0.58±0.03
3.14±0.29
3143.23±156.25

76.77±4.94
a
5.96±0.89
311.48±40.19
7.98±0.45
6.80±0.08
137.85±0.90
100.83±1.18
1.58±0.08
0.67±0.06
0.61±0.10
0.64±0.12
2.90±0.28
3568.45±279.61

64.13±4.90
a
5.2±0.68
397.28±22.68
a
7.53±0.68
6.55±0.08
139.13±1.03
102.28±0.88
1.52±0.07a
0.60±0.04
0.54±0.09
1.10±0.23
3.36±0.09
2979.53±295.40

Values are expressed as mean ± SEM (n=5). Superscript a significant at P<0.05-0.001 compared with Normal group
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those of the controls establishing further that the
extract at the different doses was non-toxic in
animals. This is significant because the expected
range of haematological parameters can be
altered by the ingestion of toxic substances [45].
Haematological indices are therefore useful in
monitoring toxicity in animals [46]. At higher
doses of treatment (500 mg/kg and 1,000 mg/ kg
body weight), the female animals displayed
significant increases in white blood cell counts.
Increases in WBC is a marker of stress and a
defence mechanism against inflammatory
dispositions [47]. It is probable that it is a
situation of an adaptive response. These results
generally further confirm that the ethanolic
extract of Hura crepitans stem bark (EES) has no
toxic effects on the treated animals.

by the oral route. Elevated LDH is a factor for
monitoring the treatment of cancer. In situations
of tumours, LDH is released due to several
cytokine activities and damage to cell membrane
[51]. There were no elevated cases of LDH in the
present study, thus ruling out the unusual
proliferation of cells and also cell membrane
damage in treated animals.

5. CONCLUSION
The study on EES has shown that it has
phytoconstituents with therapeutic effects. The
lethal dose, LD50, is estimated to be above 5000
mg/kg body weight. Based on biochemical
parameters from the present study, the
hydroethanolic extract of the stem bark of Hura
crepitans (EES) is safe at the orally administered
doses. It has also been demonstrated that the
extract would not lead to liver or kidney
dysfunction. Decreases in the WBCs in male rats
may, however, be an adaptive response for male
rats and this trend may have been reversed with
an increase in the duration of the subacute study.
Thus H. crepitans is safe for use in
managing different diseases reported in
ethnopharmacology.

The kidney plays an important role in removing
toxic wastes from the body. The liver plays a vital
role in the metabolism of foreign compounds,
carbohydrates, fats, and proteins. It, therefore,
means that both the liver and kidney are
susceptible to drug-induced damage. This
coupled with the continuous and global increase
in liver and kidney diseases has made it
expedient to check the safety of the
administration of various plant extracts as it
relates
to
these
two
organs.
Some
xenobioticscan give rise to liver and kidney
damages [48]. There were no significant
differences in the ALT levels in treated animals
compared to the control indicating that the
extract is not injurious to the liver and therefore
not toxic to the rats [49]. There were also
significant differences in the levels of the GGT in
the treated rats and the control at higher doses
which suggest the need for caution in the
administration of the extract, especially at higher
doses. ALT is a better parameter for assessing
liver injury and the absence of significant
changes at all dosessuggests that extractmay
not be hepatotoxic.High levels of serum
creatinine and urea is an indication of kidney
dysfunction, while lowered levels of creatinine
and urea indicate normal functioning of the
kidneys [50]. The non-significant differences in
creatinine and urea levels in treated animals and
controls suggest the safety of the extract. Also,
the non-significant differences in electrolyte
levels is a strong pointer to probable nondeleterious effects exerted on the kidneys by the
treatments.
Non-significant
changes
in
cholesterol, triglycerides, FBG, compared to
controls indicate that carbohydrate and lipid
metabolisms have not been disturbed and this
further confirms that the plant extract is not toxic

SIGNIFICANCE STATEMENT
This study discovered the ethanolic extract of
Hura crepitans had no deleterious effect on
appetite and energy metabolism, organ weight,
haematology and function of the liver, kidney,
lipids and glucose homeostasis. This buttresses
the safety of the plant and supports it continued
used in traditional medical practices.

DATA AVAILABILITY
Supporting data for the findings of this study are
available upon request from the corresponding
author.

CONSENT
It is not applicable.

ETHICAL APPROVAL
Animal Ethic committee approval has been
collected and preserved by the author(s).

COMPETING INTERESTS
Authors have
interests exist.
12

declared

that

no

competing

Owojuyigbe et al.; EJMP, 31(8): 1-16, 2020; Article no.EJMP.55947

10.

REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

9.

Sofowora A. Medicinal plants and
traditional medicine in Africa.Ibadan,
Nigeria: Spectrum Books Ltd; 1993.
Roberts H. ACCRA: A Way forward for
mental health care in Ghana?” Lancet.
2001;357(9271):1859.
DOI: 10.1016/S0140-6736(00)05020-0
WHO.General
guidelines
for
methodologies on research and evaluation
of traditional medicine. Geneva: World
Health Organisation; 2000.
Available:https://apps.who.int/medicinedoc
s/en/d/Jwhozip42e/
Okigbo RN, Mmeka EC. An appraisal of
phytomedicine in Africa. KMITLScience
and Technology Journal. 2006;6(2):8394.
Available:http://www.thaiscience.info/Journ
als/Article/KLST/10424477.pdf
Cameron A, Ewen M,Ross-Degnan D,Ball
D,LaingR.Medicine prices, availability, and
affordability in 36 developing and middleincome countries: A Secondary Analysis.
Geneva: The World Health Organisation;
2008.
DOI: 10.1016/S0140-6736(08)61762-6
Akindele AJ, Ezenwanebe KO, Anunobi
CC, Adeyemi OO. Hepatoprotective and in
vivo antioxidant effects of Byrsocarpus
coccineus
Schum
and
Thonn.
(Connaraceae). J. Ethnopharmacol. 2010;
129(1):46-52.
DOI: 10.1016/j.jep.2010.02.024
Amat N, Upur H, Blažeković B. In vivo
hepatoprotective activity of the aqueous
extract of Artemisia absinthium L. against
chemically and immunologically induced
liver injuries in mice. J. Ethnopharmacol.
2010;131(2):478-484.
DOI: 10.1016/j.jep.2010.07.023
Bishayee A, Sarkar A, Chatterjee
M.Hepatoprotective activity of carrot
(Daucus carota L.) against carbon
tetrachloride intoxication in mouse liver. J.
Ethnopharmacol.1995;47(2):69-74.
[PMID: 7500638]
Suja S, Latha P, Pushpangadan P,
Rajasekharan
S.
Evaluation
of
hepatoprotective
effects
of
Helminthostachys zeylanica (L.) Hook
against carbon tetrachloride-induced liver
damage in Wistar rats. J. Ethnopharmacol.
2004;92(1):61-66.
DOI: 10.1016/j.jep.2004.01.019

11.

12.

13.

14.

15.

16.

17.

13

Opoku A, Ndlovu I, Terblanche S,
Hutchings A. In vivo hepatoprotective
effects of Rhoicissus tridentata subsp.
cuneifolia, a traditional Zulu medicinal
plant, against CCl4-induced acute liver
injury in rats. S. Afr. J. Bot. 2007;73(3):
372-377.
Available:https://doi.org/10.1016/j.sajb.200
7.02.193
Dahiru D, William E, Nadro M. Protective
effect of Ziziphus mauritiana leaf extract on
carbon
tetrachloride-induced
liver
injury.Afr. J. Biotechnol. 2005;4(10):11771179.
Available:https://www.ajol.info/index.php/aj
b/article/view/71266
Adewusi E, Afolayan A. A review of natural
products with hepatoprotective activity.J
Med. Plant Res. 2010;4(13):1318-1334.
DOI: 10.5897/JMPR09.472
Singh A, Handa SS. Hepatoprotective
activity of Apium graveolens and
Hygrophila auriculata against paracetamol
and thioacetamide intoxication in rats. J
Ethnopharmacol. 1995;49(3):119-126.
[PMID: 8824736]
Jafri M, Subhani MJ, Javed K, Singh
S.Hepatoprotective activity of leaves of
Cassia occidentalis against paracetamol
and ethyl alcohol intoxication in rats. J
Ethnopharmacol. 1999;66(3):355-361.
[PMID: 10473185]
Olaleye M, Adegboye O, Akindahunsi A.
Alchornea cordifolia extract protects wistar
albino rats against acetaminophen-induced
liver
damage.
Afr.
J.
Biotechnol.
2006;5(24):2439-2445.
Available:https://www.ajol.info/index.php/aj
b/article/view/56042
Owojuyigbe OS, Firempong CK, Larbie C,
Komlaga G, Emikpe BO. Hepatoprotective
Potential of Hura crepitans L.: A Review of
Ethnomedical,
Phytochemical
and
Pharmacological Studies. Journal of
Complementary and Alternative Medical
Research. 2020;9(2):1-10.
Available:https://doi.org/10.9734/jocamr/20
20/v9i230136
Jernigan KA. Barking up the same tree: A
comparison of ethnomedicine and canine
ethnoveterinary medicine among the
Aguaruna. J. Ethnobiol. Ethnomed. 2009;
5:33.

Owojuyigbe et al.; EJMP, 31(8): 1-16, 2020; Article no.EJMP.55947

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

Available:https://doi.org/10.1186/17464269-5-33
Burkill HM. The useful plants of west
tropical Africa, 1-3: Royal Botanic
Gardens, Kew; 1995.
Oderinde RA, Ajayi I, Adewuyi A.
Preliminary Toxicological Evaluation and
Effect of the Seed oil of Hura crepitans and
Blighia unijugata Bak on the lipid profile of
rat. EJEAFChe. 2009;8(3):209-217.
Available:http://www.globalsciencebooks.in
fo/Online/GSBOnline/images/2010/FOOD_
4(1)/FOOD_4(1)68-71o.pdf
Gajdács M, Albericio F. Antibiotic
resistance: From the bench to patients.
Antibiotics. 2019;8(3):129.
Available:https://doi.org/10.3390/antibiotics
8030129
Efferth T, Kaina B. Toxicities by herbal
medicines with emphasis to traditional
Chinese medicine. Curr Drug Metab. 2011;
12(10):989-996.
DOI: 10.2174/138920011798062328
Gajdács M. The concept of an ideal
antibiotic: implications for drug design
molecules. 2019;24(5):892.
Available:https://doi.org/10.3390/molecules
24050892
Gregory Cope W. Exposure classes,
toxicants in air, water, soil, domestic and
occupational settings. In: Hodgson E,
editor. A textbook of modern toxicology.
3rd Ed. New Jersey: John Wiley and Sons,
Inc; 2004.
Organisation for economic co-operation
and development. OECD guideline for
testing of chemicals: acute oral toxicity –
acute toxic class method. in environmental
health and safety monograph series on
testing and assessment. 243:1-2, OECD
Publishing, Paris, France; 2001.
Available:https://ntp.niehs.nih.gov/iccvam/s
uppdocs/feddocs/oecd/oecd_gl423.pdf
Walum E. Acute Oral Toxicity. Environ.
Health Perspect.1998;106(2):497–502.
Twaij HA, Kery A, Al-Khazraji NK. Some
pharmacological,
toxicological
and
phytochemical investigations on Centaurea
phyllocephala.
JE
thnopharmacol.
1983;9(2-3):299-314.
[PMID: 6677820]
Kedare SB, Singh RP, Genesis and
development of DPPH method of

28.

29.

30.

31.

32.

33.

34.

14

antioxidant assay. J Food Sci Technol.
2011;48(4):412–422.
DOI: 10.1007/s13197-011-0251-1
Benzie IFF, Davaki M. The ferric
reducing/antioxidant power (FRAP) assay
for non‐enzymatic antioxidant capacity:
Concepts, procedures, limitations and
applications. In Apak R, Capanoglu E,
Shahidi F. (eds) Measurement of
Antioxidant Activity & Capacity: Recent
Trends and Applications; 2018.
DOI:https://doi.org/10.1002/978111913538
8.ch5
Yen GC, Lai HH, Chou HY. Nitric oxide
scavenging and antioxidant effects of
Urariacrinita root. Food Chem. 2001;74:
471-478.
DOI:https://doi.org/10.1016/S03088146(01)00165-0
Chang CC, Yang MH, Wen HM, Chern.
JC. Estimation of total flavonoid content in
Propolis
by
two
complementary
colorimetric methods. J Food Drug Ana.
2002;10:178-182.
Available:https://www.fda.gov.tw/en/publis
hjfdalistContent.aspx?id=27
Arthur FKN, Woode E, Terlabi EO, Larbie
C. Evaluation of acute and subchronic
toxicity of Annona muricata Linn. aqueous
extract in animals. European Journal of
Experimental Biology. 2011;1(4):115-124.
Available:http://www.imedpub.com/articles/
evaluation-of-acute-and-subchronictoxicity-of-iannona-muricatailinn-aqueousextract-in-animals.pdf
National Research Council. Guide for care
and use of laboratory animal. national
academic press, Washington, USA, 8th
Edition; 2001.
Available:https://grants.nih.gov/grants/olaw
/guide-for-the-care-and-use-of-laboratoryanimals.pdf
Kar
A.
Pharmaocgnosy
and
Pharmacobiotechnology
(Revisedexpanded second edition). New age
international limited publishers New Delhi.
2007;332-600.
Leal LKAM, Ferreira AAG, Bezzera GA,
Matos FJA, Viana GSB. Anticonceptive,
anti-inflammatory
and
bronchodilator
activities of Brazilian medicinal plants
containing coumarin: A comparative study.
J Ethnopharmacol. 2000;70(20):151-159.
[PMID: 10771205]

Owojuyigbe et al.; EJMP, 31(8): 1-16, 2020; Article no.EJMP.55947

35.

36.

37.

38.

39.

40.

41.

42.

43.

Martinez MJA, Lazaro RM, del Olmo LMB,
Benito PB.Anti-infectious activity in the
Anthemideae tribe. Studies in Natural
Products Chemistry. 2008;35:445-516.
DOI:https://doi.org/10.1016/S15725995(08)80012-9
Milugo TK, Omosa LK, Ochanda JO,
Owuor BO, Wamunyokoli FA, Oyugi JO,
Ochieng JW. Antagonistic effect of
alkaloids and saponins on bioactivity in the
quinine tree (Rauvolfia caffra sond.):
Further evidence to support biotechnology
in
traditional
medicinal
plants.BMC
Complement Altern Med. 2013;26(13):285.
DOI: 10.1186/1472-6882-13-285
Rice-Evans C, Miller N, Paganga G.
Antioxidant
properties
of
phenolic
compounds. Trends in Plant Sci. 1997;
2(4):152-159.
DOI:https://doi.org/10.1016/S13601385(97)01018-2
Jayasri M, Mathew L, Radha A. A report on
the antioxidant activity of leaves and
rhizomes of Costuspictus D. Don. Int J
Integr Biol. 2009;5(1):20-26.
Available:http://ijib.classicrus.com/IJIB/Arc
h/2009/1204.pdf
Liu
RH.
Potential
synergy
of
phytochemicals in cancer prevention:
Mechanism of action. J Nutr. 2004;
134(12):3479S-3485S.
DOI: 10.1093/jn/134.12.3479S
Agbedahunsi JM, Fakoya FA, Adesanya
SA. Studies on the anti-inflammatory and
toxic effects of the stem bark of Khaya
ivorensis
(Meliaceae)
on
rats.
Phytomedicine. 2004;11(6):504-508.
DOI: 10.1016/j.phymed.2003.07.009
Witaicenis A, Roldao EF, Seito LN, Rocha
NP, Di Stasi LC. Pharmacological and
toxicological studies of Drimys angustifolia
Miers (Winteraceae).J Ethnopharmacol.
2007;111(3):541-546.
DOI: 10.1016/j.jep.2006.12.025
Raza M, Al-Shabanah O, El-Hadiyah T, AlMajed A. Effect of prolonged vigabatrin
treatment
on
hematological
and
biochemical parameters in plasma, liver
and kidney of Swiss albino mice. Scientia
Pharmaceutica. 2002;70:135-145.
Available:https://www.mdpi.com/22180532/70/2/135/pdf
Teo S, Stirling D, Thomas S, Hoberman A,
Kiorpes A, Khetani V. A 90-day oral

44.

45.

46.

47.

48.

49.

50.

15

gavage toxicity study of d-methylphenidate
and d, l-methylphenidate in Sprague–
Dawley rats. Toxicology. 2002;179(3):183196.
[PMID: 12270592]
Michael B, Yano B, Sellers RS, Perry R,
Morton D, Roome N, Johnson JK, Schafer
K, Pitsch S. Evaluation of organ weights
for rodent and non-rodent toxicity studies:
A review of regulatory guidelines and a
survey of current practices. Toxicol. Pathol.
2007;35(5):742-750.
DOI: 10.1080/01926230701595292
Ajagbonna O, Onifade K, Suleiman U.
Haematological and biochemical changes
in rats given water extract of Calotropis
procera. Sokoto J. Vet. Sci. 1999;1(1):3642.
Available:http://oer.udusok.edu.ng:8080/x
mlui/bitstream/handle/123456789/312/Hae
matological%20and%20Biochemical%20c
hanges%20in%20Rats%20Given%20wate
r%20extract%20of%20Calotropis%20proc
era.pdf?sequence=1&isAllowed=y
Etim NN, Williams ME, Akpabio U, Offiong
EEA. Haematological Parameters and
Factors Affecting Their Values. Agricultural
Science. 2014;2(1):37-47.
DOI:https://doi.org/10.12735/as.v2i1p37
Ashafa A, Yakubu M, Grierson D,
AfolayanA.Effects of aqueous extract from
the leaves of Chrysocoma ciliata L. on
some biochemical parameters of Wistar
rats. Afr. J. Biotechnol. 2009;8(8):14251430.
Available:https://www.academicjournals.or
g/app/.../article1379944187_Ashafa%20et
%20al.pdf
Yamamotoya T, Nakatsu Y, Matsunaga Y,
Fukushima T, Yamazaki H, Kaneko S,
Fujishiro M, Kikuchi T, Kushiyama A,
Tokunaga F, Asano T, Sakoda H.Reduced
SHARPIN and LUBAC formation may
contribute to CCl4-or acetaminopheninduced liver cirrhosis in mice. Int. J. Mol.
Sci. 2017;18(2):326.
DOI:10.3390/ijms18020326
Brautbar N, Williams J. Industrial solvents
and liver toxicity: Risk assessment, risk
factors and mechanisms.Int. J. Hyg.
Environ. Health. 2002;205(6):479-491.
DOI: 10.1078/1438-4639-00175
Whelton A, Watson A, Rock R.Nitrogen
metabolites and renal function. Tietz

Owojuyigbe et al.; EJMP, 31(8): 1-16, 2020; Article no.EJMP.55947

Textbook of Clinical Chemistry, 2nd Ed.
among patients with acute leukemia and
Burtis CA, Ashwood ER, eds. Philadelphia:
other neoplastic proliferative disorders.
WB Saunders Company. 1994;1513-1575.
Am. J. Med. 1966;40(4):528.
51. Field M, Block JB, Levin R, Rall DP.
Available:https://doi.org/10.1016/0002Significance of blood lactate elevations
9343(66)90117-3
_________________________________________________________________________________
© 2020 Owojuyigbe et al.This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/55947

16

