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ABSTRACT

Vanadium (V), a heavy metal, has been reported to 
induce central nervous system toxicity leading to vari-
ous behavioural impairments. It is characterized by the 
production of reactive oxygen. The present study was 
designed to test the possibility of Grewia carpinifolia 
ethanolic extract in preventing behavioural alterations 
following acute vanadium toxicity in mice. Twenty five 
Swiss albino mice (25—27 g) were completely random-
ized into 5 groups (A—E) of 5 animals each. Group A re-
ceived distilled water and served as a control; group B, 
received vitamin E (500 mg.kg–1 b. w. every 72 hours), 
a  known antioxidant orally, along with a  daily dose of 
sodium metavanadate intraperitoneally (i. p.) for 7 days; 
group C and group D received Grewia carpinifolia leaf 
extract at 100 and 200 mg.kg–1 b.w orally respectively, 
along with the sodium metavanadate i. p.  for 7 days; 
while group E received sodium metavanadate i. p.  only 
for 7 days. The behavioural and motor functions were 
analysed by the open field, negative geotaxis, and hang-
ing wire tests; the daily body and brain weights were 

recorded. Grewia carpinifolia ethanolic extracts signifi-
cantly reduced the number of grooming, stretched at-
tend posture, and freezing time that were significantly 
increased in the vanadium only group and also enhanced 
the vestibular functions. In addition, the latent time 
spent on the hanging wire in groups simultaneously ad-
ministered with the extract and V compared favourably 
(P > 0.05) with the control groups but a decrease in latent 
time was observed in the V only group. The results sug-
gest that acute V toxicity results in various behavioural 
deficits and support a possible role of Grewia carpinifo-
lia as a protective agent against acute vanadium-toxicity 
with a better result at 200 mg.kg–1 b. w.

Key words: behaviour; Grewia carpinifolia; mice; va-
nadium

INTRODUCTION

Vanadium is a trace element that is widely distributed 
in nature. Power- and heat-producing industrial plants us-
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ing fossil fuels (petroleum, coal, oil) cause the most wide-
spread discharge of vanadium into the environment. The 
incidence of exposure to toxic levels of vanadium to in-
dustrial workers has been of increasing concern [21, 24]. 
Environmental exposure occurs via inhalation in the sur-
rounding area of metallurgical plants or through the con-
sumption of contaminated foods [4, 24, 25], and recently 
from massive oil burning, as seen in Arabian Gulf [6], the 
Niger-Delta region of Nigeria [20], and the Gulf of Mexico. 
The mangrove forest of the Niger-Delta of Nigeria, cover-
ing about 70 000 km2 of wetlands (the largest in Africa and 
the third largest in the world) with a population of about 
20 million has been the centre of constant exploration for 
oil by many international oil companies [44]. These explor-
atory activities often lead to gas flaring and oil spillage im-
pacting negatively on the aquatic and terrestrial habitats, as 
well as animal and human health [22].

Vanadium compounds have been reported to cause 
toxic effects by most routes of exposure in most species 
[14]. The disposition of vanadium in specific tissues may 
be involved in the pathogenesis of certain neurological 
disorders and cardiovascular diseases [46]. Its capacity to 
affect the activities of various other intracellular enzyme 
systems and modify physiological processes damaging cell 
membrane via the production of free radical has also been 
documented [6]. The central nervous system (CNS); rich 
in polyunsaturated fatty acid side chains, with high oxygen 
tension but poor in antioxidant capacity, is very vulnerable 
to free radical damage [1] by vanadium leading to: tremors, 
CNS depression and various behavioural alterations [44]. 
Several investigators have demonstrated that antioxidants 
such as α-tocopherol and ascorbic acid protect the brain 
against vanadium-induced (ree radical injury [13, 33]. 
Consequently, some medicinal plants have been reported 
to contain some phytochemicals, mostly polyphenols and 
flavonoids, which exhibit high antioxidant activity [16]. 
Furthermore, natural sources of antioxidants have been 
severally studied in a bid to discover potentially safer, effec-
tive, and cheaper antioxidants [5, 28, 36]. Therefore, there 
is a need for the study of plants that may offer some pro-
tection against the effects of vanadium in a country such 
as Nigeria which is known for oil spillage and gas flaring 
where about 61% of its citizen are impoverished and cannot 
readily afford conventional drugs [31]. 

Most species in the genus, Grewia have been reported 
to have antioxidant properties and are used in the treat-

ment of various disorders in man and other animals [17]. 
Triterpenoids, steroids, glycosides, flavones, lignans, phe-
nolics, alkaloids, lactones, anthocyanins, flavones, and or-
ganic acids have been isolated from various species of this 
genus [27, 34].

To this end, this study was designed to investigate the 
hypothesis that a  nutritional strategy like co-administra-
tion of ethanolic extract of G. carpinifolia leaves could ame-
liorate vanadium-induced neurotoxicity in mice.

MATERIALS AND METHODS

Experimental animals
Twenty five male mice weighing between 25—27 g 

were randomly divided into five groups (A—E) of five an-
imals per group. They were obtained and kept in the ex-
perimental animal house of the Department of Veterinary 
Physiology, Biochemistry and Pharmacology, University of 
Ibadan. The animals were 5 weeks old and housed under 
standard conditions of temperature, (25 ± 2 °C) and light, 
(approximately 12/12 h light-dark cycle), fed on standard 
diet (Animalcare® Feeds Ltd., Nigeria) with fresh water 
ad  libitum. The cages were cleaned of waste daily. All the 
animals were acclimatized to the laboratory conditions for 
two weeks before the commencement of the experiments. 
The study was approved by the Animal Care and Use Re-
search Ethics Committee, University of Ibadan (UI-ACU-
REC/App/2016/025).

Plant material and extraction
Fresh leaves of Grewia carpinifolia were collected from 

the Botanical Garden of the University of Ibadan. It was 
identified and authenticated at the Forestry Research Insti-
tute of Nigeria (FRIN) where herbarium specimen (vouch-
er number FHI 109693) was deposited. 

The plant sample (5 g) was homogenized in 80 % 
aqueous ethanol at room temperature and centrifuged at 
10,000 rpm for 15 min and the supernatant was preserved. 
The residue was re-extracted twice with 80 % ethanol and 
supernatants were pooled, put into evaporating dishes and 
evaporated to dryness at room temperature. 

Experimental design
The experiment to determine the ameliorative effect 

of Grewia carpinifolia on white laboratory mice following 
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acute vanadium intoxication was designed to span 8 days. 
Group A  received distilled water throughout the experi-
mental period and served as a control; group B, the stan-
dard group received vitamin E (500 mg.kg–1) every 72 h 
orally along with a  daily dose of sodium metavanadate 
(Sigma-Aldrich, St. Louis, USA) at 3 mg.kg–1 [29] intraperi-
toneally (i. p.) for 7 days consecutively; group C and group 
D received Grewia carpinifolia leaf extract at a single daily 
dose of 100 and 200 mg.kg–1 orally respectively, along with 
sodium metavanadate at 3 mg.kg–1 i. p. for 7 days consecu-
tively; and group E received only sodium metavanadate at 
3 mg.kg–1 i. p.  for 7 days consecutively. The present study 
was conducted in line with the European laws on the pro-
tection of animals (86/609/EEC). The protocols for the ex-
periments were approved by the institutional animal care 
and ethics committee.

Open field test
Locomotor and exploratory activities were measured 

by an open-field task box (Coulbourn Instruments L. L. C., 
PA, USA). Each animal was placed individually at the cen-
tre of the apparatus and observed for 5 minutes to record 
the movement time, length and number of line crossing 
and time spent (exploratory activity) at the centre of the 
open field box by TruScan software v 2.07 (Coulbourn In-
struments L. L. C., PA, USA) 

The following observations as previously described by 
B r o w n  et al., [10] were also recorded:

(A) Line crossing: number of times a  mouse crossed 
from one square to another with at least its two front paws.

(B) Rearing: number of times mouse stood on its hind 
legs.

(C) Grooming: sets of heterogeneous components com-
prising face washing, body licking, paw licking, head and 
body shaking, scratching and genital licking while stationary.

(D) Stretched attend posture: duration of time the mouse 
stood still with forward elongation of the head and shoul-
ders.

(E) Time spent at the centre, duration of time the mouse 
spent at the centre square.

(F) Freezing: duration with which the mouse was com-
pletely stationary.

The open field box was cleaned with methylated spir-
it before placing the subsequent animals in it in order to 
avoid possible bias effects due to odour clues left by a previ-
ous mouse.

Fore limb support (hanging wire) test
This test is based on the latency of a mouse to fall off 

a  metal wire upon exhaustion based on the method de-
scribed by  V a n   P u t t e n  et al. [45]. A 2 mm thick metal-
lic wire secured to two vertical stands was used. The wire 
was tightly attached to the frame to avoid vibration or un-
wanted displacement of the wire during the measurements. 
Each mouse was placed on the wire with its fore limb and 
monitored for a maximum period of 120 seconds. The pe-
riod of time it took the animal to stay on the wire before 
falling was taken and recorded [9, 11]. The animals that 
did not fall off the hanging wire during the test period of 
120 seconds were given a maximum score [30]. 

Negative geotaxis test
Each animal was placed in the middle of a  board, 

300 inclined to the surface plane, in a head-down position 
and the latency to turn and orient its position; to be facing 
up the slope, is recorded [8].

Two trials were performed for each mouse in both the 
hanging wire and negative geotaxis tests. The second trial 
was done 3 to 4 hours after the completion of the first trial; 
hence all mice were well rested before the second trial.

Body weight
Rats in all the groups were weighed daily throughout 

the experiment. 

Relative brain weight (RBW)
Rats were anesthetized with ketamine following which 

the frontal, parietal and temporal bones were gently re-
moved to expose the brain which was carefully removed, 
weighed and observed macroscopically [47]. The relative 
brain weight of each rat was calculated as follows: 

 Absolute organ weight (g)
RBW = 
 Body weight of rats on sacrifice day (g)

Statistical analysis
The results were analysed using the statistical package 

GraphPad prism version 5.01 (San Diego, USA). These data 
were subjected to one-way ANOVA and subsequently to 
the Bonferroni post-test to perform multiple comparisons 
in order to assess the statistical significance of differences 
between all possible pairs of groups. Repeated measures 
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on the same animals were analysed using the Wilcoxon 
matched-pair, signed-rank test [41]. Differences were re-
garded as statistically significant when P < 0.05.

RESULTS

Open field test
The mean values for observations of the Open field 

test in the experimental animals are presented (Table 1). 
A statistically significant (P < 0.05) decrease was observed 
in the number of line crossing in the group administered 
with 100 mg.kg–1 of the extract (group C) and the vanadi-
um group (E) when compared with the control and other 
test groups. There was also a significant increase (P < 0.05) 
in the number of rearing in the group administered with 
only vanadium (E); however, there was no difference in 
these parameters in the other test groups when compared 
with the control. The time spent at the centre of the open 
field after seven days co-administration of ethanolic extract 
of Grewia carpinifolia at 200 mg.kg–1 p.o. with vanadium 
(group D) was not significantly different from those of the 
control and the standard group administered with vitamin 
E; conversely a significant increase in time spent at the cen-
tre of the box was recorded in the vanadium only group (E) 
when compared with the other groups. 

Hanging wire test
The extract treated groups (C and D) spent more time 

on the hanging wire before falling off, although this was 
of no significant difference (P > 0.05) when compared to 
the control group; however, vanadium at 3 mg.kg–1 resulted 
in a statistically significant (P < 0.05) decrease in the time 
spent on the hanging wire test (Figure 1). Two trials were 
performed for each mouse. The second trial was done after 
all the animals had successfully completed the first trial; 
hence all mice were well rested before the second trial. 

Negative geotaxis test
The mean time for negative geotaxis of the vanadium 

only group (E) was statistically (P < 0.05) higher than those of 
the extract at tested doses and the standard drug (Figure 2). 

Body weight 
An increase in daily body was observed in all the groups 

from day 1 to day 5. There was a decrease in body weight 

in groups B−E on day 6, after which daily weight gain re-
sumed in groups B−D on day 7 and 8; however the daily 
body weight continued to decrease in group E after day 6.

Relative brain weight
There was no significant difference (P > 0.05) in the 

relative brain weight of the animal across all the groups 
(Table 2).

DISCUSSION

Vanadium (V) is a pro-oxidant and indirectly results in 
the production of free radicals leading to oxidative damage 
[6, 12] and the possible role of vanadium in behavioural 
changes has been studied [32]. Vanadium (V) crosses the 
blood brain barrier and possibly alters the biochemistry of 
the brain of treated animals [18]. The central nervous sys-
tem (CNS) myelin could be a preferential target of vanadi-
um mediated lipid peroxidation in rats and mice since the 
brain has a high metabolic activity as well as a high concen-
tration of myelin [26]. This may consequently increase the 
susceptibility of the nervous tissue to peroxidative damage 
[15, 39] by V which causes behavioural alterations.

Behavioural studies can be used in risk assessment fol-
lowing neurotoxicity as it represent the net output of the 
sensory, motor and cognitive functions occurring in the 
nervous system [33]. 

The Open field test is one of the most commonly used 
tests in animal behavioural studies [40]. In the present 
study, the number of rearing and grooming was signifi-
cantly increased after vanadium exposure in the Open field 
test which may indicate an increase in anxiety in the vana-
dium only treated when compared to the control animals as 
well as the extract treated groups. The locomotion was also 
reduced in the vanadium treated group as indicated by an 
increase in time spent at the centre of the open field maze, 
as well as a reduction in the number of new square cross-
ing. The extract at 200 mg.kg–1 conversely had values com-
parable with the control and standard group; this may be 
linked to the ability of the extract at this dosage to reduce 
or eliminate anxiety-like behaviours in vanadium exposed 
mice. 

Stretched attend posture (SAP) is an essential compo-
nent of risk-assessment defensive behaviour in rodents 
[7]. The mice exposed to vanadium in this study, unlike 
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Table 1. The mean values for observations of the Open field test 
(mean ± SD)

Observation
Group A
(Control)

Group B
(V + vit. E)

Group C
(V + G. carpinifolia 

at 100 mg.kg–1)

Group D
(V + G. carpinifolia at 

200 mg.kg–1)

Group E
(V only)

Line crossing 55.64 ± 27.29 59.00 ± 2.53 24.00 ± 16.15* 59.00 ± 5.93 18.60 ± 4.67*

Rearing 17.67 ± 13.50 13.00 ± 1.41 3.25 ± 1.89* 10.00 ± 1.82 73.25 ± 7.23*

Grooming 
[sec]

21.33 ± 11.85 16.00 ± 11.31 12.00 ± 4.69 21.65 ± 4.72 14.40 ± 7.33

Stretched attend posture 
[sec]

34.36 ± 4.09 38.60 ± 5.02 36.0 8± 7.32 35.21 ± 2.58 62.09 ± 10.36*

Time spent at the centre 
[sec]

2.54 ± 0.03 2.86 ± 0.83 3.81 ± 0.51 3.00 ± 0.12 22.64 ± 10.40*

Freezing 
[sec]

110.08 ± 9.06 103 ± 7.43 98.21 ± 7.65 112 ± 14.56 135 ± 13.48

SD — standard deviation; number of animals in the group n = 5
* —statistically different from the control at P < 0.05

Fig. 1. Time spent on the hanging wire
* — statistically different from the control at P < 0.05
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Table 2. Mean values for relative brain weight

Group
Relative 

Brain Weight (× 10–2)

A 5.34 ± 0.17

B 5.02 ± 0.21

C 5.20 ± 0.22

D 5.45 ± 0.10

E 5.14 ± 0.23

Fig. 2. Mean values for negative geotaxis of experimental animals

Fig. 3. Mean values for daily body weight

the control and test groups, recorded a significant increase 
in stretched attend posture. This increase in stretched at-
tend posture (SAP) may suggest anxiety of the mice, which 
has been indicated to result in low motivation to explore 
novelty which makes an animal take the stretch-attend 
posture. This is in concordance with results obtained by 
M u s t a p h a [29], S o a z o  and  G a r c i a [42] following va-
nadium intoxication. Furthermore, this hesitance by the 
vanadium treated group to move may be attributed to va-
nadium-induced muscular weakness [32]. In general, ob-
servations in the open field test were similar in the G. car-
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pinifolia extract treated and control groups in this study. 
Although,  P f a u  and  S k o g  [35] had documented that the 
genus Grewia possess some anxiolytic activity, the mecha-
nism by which the extract of G. carpinifolia reduced anxiety 
is still not certain.

In this study, muscular strength was found to be signifi-
cantly decreased after vanadium treatment as observed in 
the hanging wire test. This finding highlights the fact that 
heavy metals have been implicated in muscles and joints 
pain [3] and further supports that V  intoxication results 
in muscular weakness [32]. The present study may point 
to the fact that high levels of vanadium may interfere with 
motor functions leading to decreased motor activities, 
as well as grip strength in mice. However, the findings of 
this study also showed that concurrent administration of 
G.  carpinifolia extract to V exposed animals proved ben-
eficial as the animals performed better on the hanging wire 
test, as evidenced by an increase in the suspension time. 
The hanging wire test can be used to assess global sub-acute 
muscle function and coordination over time in mice [23] 
and the ability of the mice to produce sustained tension 
in the limb musculature. Thus, G. carpinifolia extract may 
have ameliorative effect on muscular weakness caused by 
V intoxication by improved muscle function and coordina-
tion in mice. 

The negative geotaxis is a reflex test which reflects ves-
tibular function, motor development and activity [2]. Va-
nadium has been reported to induce vestibular damage 
[29], and generally, mice with vestibular dysfunction be-
come disoriented and unable to generally explore a novel 
setting [37]. This could explain the increased time in the 
negative geotaxis shown by the mice given vanadium only. 
Nevertheless, the similarities in the lower latent time of the 
extract treated group at 200 mg.kg–1 and those of the con-
trol and standard group, further supports the neuroprotec-
tive activity of the plant extract at this dosage. This result of 
the negative geotaxis further substantiates the findings in 
the Open field test. 

In this study, the daily body weights of the vanadium 
only exposed mice decreased continuously after the sixth 
day following the vanadium administration. The ob-
served insignificant decrease (when compared with other 
test groups and control) in daily body weight observed in 
the present study is in consonance with the findings by 
G a r c i a  et al., [14, 15] in acute vanadium toxicity in rats. 
Vanadium toxicity have been previously reported to induce 

anorexia [19] leading to the reduction in daily body weights 
which becomes significant following chronic exposure as 
reported by  S á n c h e z   et al. [38] and  T o d o r i c h  et  al. 
[43]. The insignificant difference in relative brain weight in 
this study is in line with that observed by  G a r c i a   et al., 
[14] but contrary to that of  A l t a m i r a n o  et al. [4] who 
had described a significant decrease in brain weight follow-
ing vanadium toxicity, the variance in these results may be 
ascribed to the fact that six [6] weeks old mice were used in 
this study, while in their studies the mice were exposed at 
post-natal day one [1]. It seems that vanadium has more ef-
fect on brain weight when exposed to neonates undergoing 
a high degree of cellular proliferation.

Grewia carpinifolia extract contains numerous phyto-
chemical constituents including: tannins, phlobatinins, 
saponin, flavonoids, terpenoids, cardiac glycosides, cou-
marin, alkaloids and anthraquinone [17]. Many of these 
compounds have proven their potential as antioxidants in 
various oxidative stress models as scavengers of free radi-
cals as reported in prior studies [36]. The observed benefi-
cial effects of G. carpinifolia extract in vanadium-induced 
changes in behaviour may thus be attributed to these diver-
sified chemical components.

CONCLUSIONS

This study has shown that G. carpinifolia extract ad-
ministered in combination with vanadium ameliorates 
vanadium induced behavioural impairments. The extract 
showed better protective activity at 200 mg.kg–1. Therefore, 
the plant should be given more emphasis as a candidate in 
developing a modern drug to minimise vanadium induced 
toxicity. Further study is on-going to isolate and character-
ize the bioactive principle(s) of the extract with the aim of 
determining its exact mechanism of action.
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