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ABSTRACT

Ni oxide nanoparticles (NiO NPs) are extensively used in industries dealing with welding, electroplating
and in production of alloys but despite of their large scale uses, it is expected that they might have lot
more drawbacks than their bulky counter parts. Present investigation was aimed to document the effect
of two different doses of NiO NPs on behavior of albino mice in a sex specific manner. Five weeks old
albino mice (N = 48) of both sex were intraperitoneally injected with either low dose (20 mg) or high
dose (50mg/ ml saline/ Kg body weight) of NiO NPs (average particle size 43 nm) for 14 days. Control
groups were treated with saline solution. A series of behavioral tests were conducted in all subjects. Both
low and high dose of NiO NPs treated male mice, during rota rod test, spent significantly less time on
rotating rod than controls. Male mice treated with both doses of NiO NPs performed more stretch attend
reflex than control. Female mice injected with high dose of NiO NPs had significantly reduced mobile and
immobile episodes during open field test than mice exposed to low dose and control group. High dose of
NiO NPs treated females had reduced line crossing, stretch attend reflex, number of approaches to familiar
and novel objects than low dose NiO NPs and saline treated female mice. No change in body weight was
observed when this parameter was compared between NiO NPs and saline injected albino mice of both
sexes. In conclusion, we are reporting that NiO NPs can affect the muscular activity, object recognition
capacity and exploratory behaviour of albino mice. The effects were more pronounced at higher dose and
in female mice.
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INTRODUCTION

Ni (Ni) is considered as non essential metal for human
and mammals but as we are exposed to variety
of Ni containing materials, adulterants and pollutants
consequently Ni levels are continuously rising in food
and water that we consume. For example, Ni steel alloy
is common part of our cookware and they may release Ni
into food. Fuel’s (containing Ni) consumption is a major
source to deposit Ni in our atmosphere (Haber ez al.,2017).
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Ni can be directly inhaled along with tobacco smoke and
it can get enter in body when our skin comes in contact
with shampoos, jewelry, detergents and coins containing
Ni in their composition (Cao et al., 2019). Ni is known to
interact with cellular membranes as well as it can bind to
proteins and DNA in a cell affecting their central dogma
and gene expression profile. It can be deposited to all levels
of organization in an organism and known to be toxic and
carcinogenic (Song et al., 2017).

Nanoparticles have enabled many analyses and
therapies that were not possible before (Murthy, 2007). This
is due to the fact that nanoparticles which have changed
electrical conductivity, hardness, chemical reactivity and
biological activity have higher biochemical activity (Ren
et al., 2009). Same is true for nano NiO that are used in
bulks as photo-catalyst, electrocatalyst, in energy devices
and in gas sensors due to their semiconductor nature
(Zaitseva et al., 2016; Cao et al., 2019). A couple of in
vitro studies have already reported that NiO NPs are e
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toxic for mammalian cells (Siddiqui ef al., 2012; Ahamed
et al., 2013) but in vivo studies were lacking for NiO NPs.
We hypothesized that people working in industries where
NiO NPs are used as raw material and the end users of
these products are seriously exposed to hazards of these
materials. Hence, the current investigation was aimed to
report the effect of variable doses of NiO NPs (20 and
50 mg/ Kg body weight) on neuromuscular function,
exploratory behavior and on object recognition capability
of albino mice in a sex specific manner.

MATERIALS AND METHODS

Experimental animals and design

Albino mice (five weeks old; C57BL/6 strain)
were used during this study. Animal housing and colony
maintenance conditions were same as reported in Hussain
et al. (2020). NiO NPs were also generated by hydro
thermal method as described previously by Hussain ez al.
(2020).

Mice were kept in rodent cages individually during
the experiments and on the basis of specific treatment, they
were divided into three groups, each of 16, consisted of
equal number of male and female. Group I was injected
intraperitoneally with 20mg/ ml saline/ Kg body weight
of NiO NPs for 14 days. Group 2 was intraperitoneally
injected 50mg/ ml saline/ Kg body weight of NiO NPs
for 14 days. Group 3 was intraperitoneally injected with
saline solution for 14 days and acted as control. Injection
of specific dose was done once per day for all treatments.
On daily basis, body weight of each animal was recorded
before intraperitoneal injections.

Behavioral testing

On 11™ till 14" day of experiments, a battery of
behavioral tests were performed in all experimental
treatments: rota rod test on day 11, open field test on
day 12, light dark box test on day 13 and novel object
recognition test on day 14 were performed.

Rota rod test

A locally manufactured rota rod test apparatus was
used to compare balance and neuromuscular coordination
between three experimental treatments. Apparatus
contained a rotating drum that accelerates uniformly with
40 rpm. Each animal first received three training trials
after that they faced three experimental trials. Maximum
duration to test a mouse was 2 min. Average time spent
by each mouse on rotating drum was recorded following
Allahyar et al. (2016).

Open field test
Open field test was used to report the exploratory

behavior of mice under variable dose exposure. Maximum
duration of this test was 10 min in which each mouse was
observed in an area 40 cm wide x 40 cm long with 70 cm
high walls. Parameters like time in corners, time in centre,
mobile episodes, immobile episodes, rotations, anti-
clockwise rotations and clockwise rotations and stretch
attend reflex were recorded for each mouse following
Igbal et al. (2017).

Light and dark box test

Light and dark box test is used to study exploratory
behavior in rodents. The structure of light/dark box is same
as we have previously described in Akram et al. (2020).
For each mouse, time spent in each (light or dark) chamber,
rearing, stretch attend reflex, defecation, urination and the
number of transitions between the light and dark chambers
were recorded. The maximum test duration was 5 min.

Novel object recognition test

Object recognition capability of albino mice was
tested following exposure to NiO NPs. Apparatus consists
of a rectangular chamber (40 cm length x 30 cm height x
35 ¢cm width) with two sample objects (A and B). Both
objects were placed in the opposite corners of the arena. A
line was drawn in the center of the floor of apparatus (at 20
cm length) to divide it into two halves. During first trial,
each mouse placed in center was allowed to explore two
sample objects (A and B) for 5 min. In trial two, the location
of objects was unchanged but objects A was replaced by a
novel object. Each mouse explored the arena for 5 min.
Parameters like line cross, stretch attend reflex, number of
approaches to object A, B or novel object, time with A,
B or novel object, rearing, urination and defecation were
recorded for each animal following Khosa ef al. (2020).

Statistical analysis

Data is presented as MeantSEM. Data was analyzed
by using Minitab (version 17, Pennsylvania). P < 0.05 was
set as significance level. One-way analysis of variance
(ANOVA) was applied to compare the performance of
conducted behavioral test between the three experimental
treatments followed by Tukey’s post-hoc test.

RESULTS

Body weight

One-way analysis of variance test results revealed
that during present study, exposure to variable doses of
NiO NPs did not affect the body weight on all studied time
point in both sex (Fig. 1).

Rota rod test
One-way ANOVA results revealed that male mice
injected with both doses of NiO NPs stayed on the
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rotating rod for significantly less time than saline injected
male albino mice (P= 0.03) (Fig. 2A). One-way ANOVA
indicated that rota rod test performance did not vary
significantly (P= 0.6) when compared between female
mice treated with low and high dose of NiO NPs and saline
water treated control group (Fig. 2B).

Fig. 1. Comparison of change in body weight between
(A) male and (B) female mice intraperitoneally injected
for 14 days either with 20 mg or 50 mg/ml saline/ Kg
body weight of NiO NPs or with saline solution. Data
is expressed as mean + standard error of mean. P values
represent the outcome of two samples t-test calculated
between a specific NiO NPs treatment and saline group for
each treatment day.

Open field test

One-way ANOVA results revealed that studied open
field test parameters remained unaffected (P > 0.05) when
compared between the three experimental treatments of
male mice (Table I). One-way ANOVA results revealed that
frequency of mobile (P=0.006) and immobile episodes (P=
0.007) was significantly different when compared between
low, high dose NiO NPs and saline treated female mice.
Analysis of Tukey’s post hoc test indicated that female
mice exposed to high dose of NiO NPs had significantly
reduced mobile and immobile episodes than control group
and female mice injected with low dose of NiO NPs (Table

0.

Light and dark box test

One-way ANOVA results demonstrated that the only
parameter that varied significantly during light dark box
between NiO NPs treated and untreated male mice was
stretch attend reflex (P = 0.01). Post hoc Tukey’s test
result indicated that saline treated control had significantly
reduced stretch attend reflex than both NiO NPs treated
male mice (Table I). While one-way ANOVA results
indicated that none of the studied parameters during light and
dark box tests reached the statistical significance (P > 0.05)
when compared between NiO NPs and saline treated female
mice (Table I).

Fig. 2. Effect of 20 mg or 50 mg/ml saline/ Kg body
weight of NiO NPs on rota rod test performance between
(A) male and (B) female mice injected intraperitoneally
for 14 days. Data is expressed as mean + standard error
of mean. P values represent the outcome of two samples
t-test calculated between a specific NiO NPs treatment and
saline group for studied parameter.

Novel object recognition test

One way analysis of variance analysis indicated
that time spends with object A during trial I was the only
parameter that was significantly different when compared
between NiO NPs and saline treated male mice during
novel object recognition test. Post hoc Tukey’s test results
revealed that male mice injected with 20 mg of NiO NPs
remained with object A for more time than high dose
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Table 1. Effect of low (20 mg/ ml of solvent / Kg of body weight) and high dose (50 mg/ ml of solvent / Kg of body
weight) of NiO NPs on various studied parameters of open field test, light dark box test of albino mice. All values
are expressed as mean =+ standard error of mean. P values represent the results of one way ANOVA followed by post

hoc Tukey’s test calculated for each studied parameter.

Parameters Male mice Female mice

Saline treated NiO NPs treatments (5) P Saline treated NiO NPs treatments (9) P value

& mice Low dose  High dose  Value ¢ mice Low dose  High dose

(n=8) (n=8) (n=8) (n=8) (n=8) (n=8)
Open field test
Time in corner (sec) 5553+14, 5445+12, 5558+12, 08 538.1+11, 5244+19, 569.4+83, 0.08
Center (sec) 448+ 14 555+12, 443+12, 0.8 62.1+11, 75.6+19, 30.6+83, 0.08
Mobile episode 138316, 139.8+17, 1284x7.7, 0.8 1598+6.5, 148.9+10, 110.8+13, 0.006**
Immobile episode 137.8+16, 139.1+£19, 1275+75, 0.8 159.5£6.4 149.4+£10, 111.5+13 , 0.007**
Clockwise rotation 21.1+£25, 245+£25, 20.1+46, 0.6 29.7+2.4 176 £33 209+4.38 0.07
Anticlockwise rotation ~ 18.5+3.2 21.5+19, 213+46, 08 30.9+3.2 225+5.0 23.1+48 0.3
Light dark box test
Line cross 5711, 71+£12, 86+1.1, 04 18.6+2.1, 174+14,  145+3.1, 04
Transition frequency 14118, 16213, 165+1.1, 02 9.1+1.2, 72£09, 55+13, 0.1
Rearing frequency 11.7£23 104+16, 174+37, 02 125+21, 91+£1.0, 91+17, 02
Stretch attend frequency 30.9+3.9,  47.9+5.1, 469+4.1, 0.01** 459+40, 468+42 51.1+9.1, 08
Time in light (sec) 142.5+24, 1489+22, 1509+14, 09 1683+17, 172.5+20, 161.6+£26, 0.9

Dark (sec) 156.3+23 , 151.1+£22, 149.1+14, 09 131.8+17, 127.5+20, 1384+26, 0.9

Defecation 3.1£09, 27+£08, 1.1+06, 0.1 1.6+0.4, 1.5£0.7, 21+06, 06

P> 0.05 = Non-significant; P < 0.01 = Significant (**)

NiO NPs and saline treated male controls. All other studied
parameters during novel object recognition test, trial I and
II, remained unaffected (P > 0.05) for male mice (Table II).

One way ANOVA results indicated that for male
mice, performance of novel object test trial one remained
unaffected (P > 0.05) when compared between NiO NPs
treated and untreated female mice (Table II). One way
ANOVA results for novel object trial II revealed that line
cross (P =0.03), stretch attend reflex (P = 0.005), number
of approaches to novel object (P = 0.01) and number of
approachesto object B (P=0.04) were significantly different
significantly when these parameters were compared
between all three female experimental treatments. Tukey’s
post hoc test analysis indicated that female mice injected
with 50 mg/Kg body weight of NiO NPs had reduced line
crossing, stretch attend reflex, number of approaches with
familiar and novel objects as compared to low dose NiO
NPs and saline treated female mice (Table II). One way
ANOVA analysis revealed that stretch attend reflex (P=
0.05) during trial 1, line cross (P= 0.03), stretch attend
reflex (P= 0.005), number of approach to novel object
(P=0.01), number of approach to familiar object (B) (P=
0.04) during novel object recognition test trial two were

the parameters that were found significantly different upon
comparison between three experimental treatments of
female mice (Table II). Tukey’s test results revealed that
female mice treated with 50 mg/ml saline/Kg body weight
of NiO NPs had significantly decreased stretch attend reflex
(P=0.005), line crossing (P= 0.03), number of approaches to
novel object (A) (P=0.01) and number of approaches towards
familiar object (B) (P = 0.03) during second trial of novel
object recognition test (Table II).

DISCUSSION

NPs are known to cross physiological barriers and
to enter in blood vascular system from where they can
be transported to almost all organs and tissues disturbing
their normal functioning (Oberdorster et al., 2005). For Ni
toxicity, two factors are critical; first how it is applied to an
organism and second how much the applied Ni compound
is soluble in physiological solutions (Das et al., 2008;
Liapi et al., 2011). For NPs, it is an established fact that
larger particles having diameter 200 nm or higher can
easily be neutralized by the spleen and ultimately removed
by the phagocytotic cells decreasing the concentration
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Table II. Effect of low (20 mg/ ml of solvent/ Kg of body weight) and high dose (50 mg/ ml of solvent / Kg of body
weight) NiO NPs on various studied parameters of novel object recognition test (trial 1 and II) of male and female
albino mice. All values are expressed as mean = SEM. P values represent the results of one-way ANOVA followed by

post hoc Tukey’s test calculated for each studied parameter.

Parameters Trial I Trial 1T
Saline NiO NPs treatments P Saline NiO NPs treatments P value
treated mice y o\ qose  High dose VAlue treated mice y . 4,50 High dose
(n=8) (n=8) (n=8) (n=8) (n=8) (n=8)

Male mice

Line cross 241+£16, 191+13, 209+14, 0.06 18708, 261+49, 174+18, 0.

Stretch attend reflex

404+53, 3925+2.1, 32.1+3.7, 03

36.8+3.7, 269+4.1, 27.1+47, 0.1

No. of approach to objectA  82+1.8, 11.7+1.1, 97+13, 03 6.63+08, 85+08, 62+£08, 0.1
ObjectB  7.6+1.1, 91+35, 67+08, 03 6.1+1.1, 7213, 49+06, 03
Time spent with object A (s) 549+1.1, 86.1+83,  81.1+£52, 0.03* 413+6.6, 61.1+96, 434+99, 02
Object B (s) 79.1+16 57.6+8.5 75.1£20 04 524+75, 458+89, 53910, 038
Rearing frequency 11.7+3.1 89+1.2 6.8+0.8 0.3 88+23, 71+15, 108+09, 02
Defecation 1.5+£0.5 1.7+0.7 0.6+0.5 0.4 1.8£0.6, 1.1+05, 1.4+07, 06
Female mice
Line cross 293+44, 223+18, 20.1+21, 0.1 278+4.1, 262+17, 16.7+23, 0.03*
Stretch attend Reflex 545+64, 46.1+49, 344+58 0.06 46.8+5.7, 385+44 225+42  0.005%F
No. of approach to object A 11.6+1.6, 122+12, 85+19, 02 10812, 9.75+08, 63809, 0.01*
ObjectB  62+12, 95+13, 8515, 02 8615, 7309, 4507, 0.04*
Time spent with object A(s) 103.9+17, 814+7.8, 648+14, 0.1 61.5+62,  738+17, 729+23, 0.8
ObjectB(s) 555+7.1, 644+86, 87.6+20, 02 88.8+15, 61.0+95, 51.8+13, 0.1
Rearing frequency 102+2.7, 101+1.6, 139+36, 0.5 80016, 70=10, 72514, 08
Defecation 1.5+£04, 07+03, 1.4+£06, 04 24+03, 26+06, 20+04, 06

P > 0.05 = Non significant; P < 0.05 = least significant (*); P < 0.01 = Significant (**). Object A was replaced by novel objet in trial II.

of these chemicals in blood and hence their distribution
to other organs. Smaller NPs having diameters 10 nm or
less have rapid renal clearance. NPs in size range of 10 to
100 nm are most commonly used for intravenous injection
and they are known to remain in blood circulation for
extended duration and can reach to tissue/cellular levels
of an organism (Akhtar ef al., 2018). The NiO NPs that
were used in the present studies had an average diameter
of 43 nm, calculated using Scherer formula (Hussain et al/.,
2020). This diameter of NiO NPs indicates that such small
size NPs have more chances to be transported to brain and
to affect the behavior.

Although, harmful effects of Ni are well established
but at the same time they are in extensive industrial use
as well, so it would be worth determining that what are
the levels beyond which this metal gets toxic for living
systems (Sadiq et al., 2012). There are a number of studies
in which various forms of Ni NPs has been applied to
experimental animals with dose concentrations varying

between 2 to 500 mg/Kg body weight but the effect of
20mg and 50 mg/Kg NiO NPs were never investigated in
mice before. So we used these doses to investigate their
effects on selected aspects of albino mice behavior.

It has been an established fact that sex of an animal
influences its cognitive functions like perception, emotion
and memory formation (Cahill, 2006). This is due to the
fact that brain structure and functions have sex specific
reported differences (Xin et al., 2019). The gender-related
morphological differences are already reported for a
number of brain regions including the corpus callosum
(Prendergast et al., 2015), cerebellum (Raz et al., 2001)
and limbic-thalamo-cortical circuitry (Xin et al., 2019).
This has led us to hypothesize that same dose of applied
NiO NPs may induce sex specific effects in albino mice.

It was observed during present study, that exposure
to high dose of NiO NPs had significantly disturbed the
exploratory behavior, neuromuscular coordination and
object recognition capacity of albino mice. These findings
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are in line with Ijomone et a/. (2018) who had intraperitoneal
injected rats for 21 days with 5, 10 and 20mg/Kg NiCl,
and reported that memory formation during Y-maze and
exploratory behavior open field test, respectively, were
compromised. They had documented that administration
of Ni had affected neuronal morphology and neurons
of hippocampus and striatum were seriously damaged
and both these brain areas are associated with cognition
and motor activity. They had suggested that increased
oxidative stress due to Ni exposure caused these behavioral
impairments. NPs are known to cause oxidative stress upon
application to living systems (Akhtar e al., 2018) and same
is true when we discuss the neurotoxicity caused by Ni NPs
as they have potential to change the neuronal membrane
compositions and disturbing their functions all together
(Lamtai ef al., 2018). Similar to our observations, He et al.
(2013) had documented that exposure to Ni disturbed spatial
memory (associated with site recognition) and exploratory
behavior of mice. He et al. (2013) found that applied Ni
got deposited in the cerebral cortex of mice, part of brain
that has critical role in memory formation, disturbing its
morphology and physiology. Our novel object recognition
test results are in line with those of Rabelo ef al. (2016)
who had applied tannery effluent to Swiss mice for 15 days.
The effluent was rich in heavy metals like Ni, chromium
and cadmium. It was observed that the capacity of mice to
recognize novel object was significantly reduced when they
were exposed to the effluent. Nation ez al. (1985) had also
reported that rats treated with 20 mg/kg NiCl, for 14 days
pressed lever to get food at a significantly lower rate than
controls. Earlier Liapi ef al. (2011) had reported that short-
term NiCl, administration (13 mg/kg) to adult rat resulted
in disturbed release and uptake of neurotransmitters like
serotonin, catecholamine and glutamate by the neurons
that disturbs the normal brain functioning. Liapi et al.
(2011) has also been documented that Ni interacts with
ion channels and synaptic vesicles in a neuron and affects
neurotransmitter release. Many metals (including Ni) are
also known to influences cellular signaling pathways that
affects metabolism of neurotransmitters (Sadiq et al.,
2012). It is also reported that divalent cations (including
Ni) compete with the agonist of AMPA receptors for the
binding sites disturbing their normal functioning as these
receptors play important role in synaptic transmission
and neural plasticity (Dorofeeva et al., 2005). All these
observations are justifying the poor neurological test
performance by albino mice during present study upon
exposure to NiO NPs.

CONCLUSION

In conclusion, we are reporting the drastic behavioural

effects in mice following intraperitoneal injections of NiO
NPs for 14 days. These NPs can affect the muscular activity,
object recognition capacity and exploratory behaviour of
albino mice. The effects were more pronounced at higher
dose and in female mice.
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