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Effects of Aluminium Chloride on Anxiety-Related Behaviour
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Abstract: Problem statement: Aluminium is presents in many manufactured foadsedicines and is
also added to drinking water for purification puspe. It has the potential to be neurotoxic in human
and animals but its contribution in Alzhemer’'s dise remains contradictory. Anxiety affects one-
eighth of the total population world-wide and hacdme an important area of research interest in
psychopharmacologyApproach: The present study was aimed at evaluating thectsff¢hat
Aluminium chloride could have on anxiety-relatechBeiour of Adult wistar Rats. A total of Ten (10)
Adult wistar rats were used for this experimente Tistar rats were divided into five groups: Grdup
was the control that received distil water, Grolpeteived 475 mg Kd, Group Il received 950 mg
kg™, Group IV received 1,425 mg Kgand Group V received 1,900 mg kghrough oral intubation
for duration of Eight weeks. Elevated plus maze used to assay for anxiety-related behaviour of the
wistar rats. The wistar rats were placed at thetjan of the four arms of the maze, facing a closed
arm, allowed to freely explore the maze and theinavior was recorded simultaneously for 5 m by
means of a video cameiResults: Wistar rats treated with Aluminium Chloride hadcrisased faecal
boli, increased number of time crossing close antniess and increased average time spent in close
arms; but decreased time (lesser time) spent iroplgn arm of the maze when compared with the
control group. This in turn implies that the Aluruim treated groups were more anxious than the
control groups in exploration of their activities dhe Elevated plus maz€onclusion: It was
concluded that Aluminium Chloride exposure has tiegaeffects on anxiety-related behaviour of
wistar rats as indicated by increased rate of apxnealuminium treated rats.

Key words. Elevated Plus Maze (EPM), manufactured foods, Atwmi (Al), aluminium containing
compounds, oppositely positioned, aluminium treasss

INTRODUCTION contradictory (Flaten, 2001; Guptat al., 2005).
However, epidemiological studies have indicatethla |
Aluminum (Al) has the potential to be neurotoxic between Al in drinking water and AD and a variety o
in human and animals. It presents in manyhuman and animal studies have implicated learaimy
manufactured foods and medicines and is also attded memory deficits after Al exposure (Buraimeh al.,
drinking water for purification purposes (Newaiey  2011a; Exley, 2005; Schmidtal., 2001; Yokel, 2000).
al., 2009). Al is widely used in antacid drugs, adlas It has been shown clearly that aluminium accumaslate
in food additives and tooth paste (Malekshethal., in various mammalian tissues such as brain, baves, |
2005). Environmental pollution with different and kidney (Willset al., 1993; Sahiret al., 1994) and is
aluminium containing compounds, especially those iraccompanied by renal failure (Alfrey, 1980) or
industrial waste expose people to higher than nbrmaassociated with age (Gometzal., 1997).
levels of Al (Kloppelet al., 1997). Particulate matters Although aluminum has been implicated in
distributed by cement-producing factories contligh  Alzheimer’s disease, Parkinsonism, Dementia complex
amount of Al and animals and populations residimg i and causes extensive damage to the nervous system,
the vicinity are exposed to the pollution (Fatietaal.,  date the mechanism of Al neurotoxicity has not been
2001). Al is a possible contributing factor in fully elucidated (Niuet al., 2007). In recent researches,
Alzheimer’s disease (Campbell, 2002). Evidencetier aluminum has been reported to accelerate oxidative
contribution of Al to Alzheimer’s disease (AD, rems  damage to bio molecules like lipid, protein andleisc
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acids (Jyotiet al., 2007). It was also reported that while the four Aluminium exposed groups were given
aluminium chloride could induce brain damage whichvarious concentrations of aluminium chloride as
may impair memory and learning as seen in Alzheimefollows: Group | was the Control:

disease (Buraimotet al., 2011a). This element (Al)

appears mainly in food products and in drinkingewat «  Group Il received 475 mg Ky

from both natural sources and treatment methods Group Ill received 950 mg kY

(Yokel a_nd McNamara, 2001). _ «  Group IV received 1,425 mg Ky
Anxiety is a general term for several disorders, Group V received 1,900 mg RgLD25)
that cause nervousness, fear, apprehension and '

worrying. These disorders affect how we feel and .
behave and they can manifest real physical symptoms 1 ne LD50 was 3,800 mg Kg The duration of
Mild anxiety is vague and unsettling, while severe@dministration was Eight weeks and the route of
anxiety can be extreme|y deb|||tat|ng, having dmes administration was through oral intubation.
impact on daily life. Anxiety affects one-eighth thie
total population world-wide and has become anThe elevated plus maze: The Elevated Plus Maze
important area  of research interest in(EPM) is a piece of equipment and protocol used by
psychopharmacology during this decade. Anxiety isPehavioural scientists to measure anxiety levels in
considered a problem when symptoms interfere with &boratory rodents, Mice, rats. Different-sized ez
person's ability to sleep or otherwise function.can be used for either rats or mice, but the same
Generally speaking, anxiety occurs when a readdon principles apply to each experiment. The elevated p
out of proportion with what might be normally maze has four arms, arranged in a + shape; twioesgt
expected in a situation. Benzodiazepines are tijerma arms have sides, so providing some shelter andra mo
class of compounds used in anxiety and they havé&ecure feeling for the animal and the other twosaane
remained the most commonly prescribed treatment foepen. The EPM apparatus consists of a plus shaped
anxiety. However, the realization that benzodiazepi (*+”) maze elevated above the floor with two
present a narrow safety margin between the anxiolyt Oppositely positioned closed arms, two oppositely
effect and those causing unwanted side effects hagositioned open arms and a center area. The two
prompted many researchers to evaluate newpposite arms, 550 cm, crossed with two enclosed
compounds in the hope that other anxiolytic drugs w arms of the same dimension but having 40 cm high
have less undesirable effects (Grundretal., 2007). walls. The arms were connected with a central sguar
Basic research of complex behaviour has led to &0x10cm, giving the apparatus shape of a plus sign.
dramatic increase in the use of rodent behavicsiste The maze was kept in a room and elevated 50 cmeabov
(Crawley, 2007). The Elevated Plus Maze (EPM) haghe floor. Wistar rats were placed individually tine
been described as a widely used behavioural agsay fcentre of the maze, facing an enclosed arm. Thereaf
anxiety behaviour responses of rodents, mice ar rathumber of entries and time spent on the open and
(Pellowet al., 1985). The aim of this experiment was enclosed arms were recorded during the next 5 Amin.
to evaluate the effects that aluminium chlorideldou arm entry was defined when all four paws of thetavis
have on anxiety-related behaviour of Adult wisttsr ~ rats were in the arm.The premise behind the edelvat
plus maze is that more anxious rats will spend tiess
MATERIALSAND METHODS in the uncovered, exposed arms of the maze and less

, i anxious rats will explore the open arms more freely
This research work was conducted in the(shepherdt al.,1994).

Department of Human Anatomy, Faculty of Medicine,

Ahmadu Bello University, Zaria, Kaduna State, Niger Experimental procedure: After oral administration of

Experimental animals. Ten (10) Adult wistar rats various concentrations of Aluminium chloride to leac
were used for this experiment. The wistar rats werd@roup of the Wistar rats except group | (contriatt
housed in a stainless steel cages maintainedratesth ~ received distill water, the wistar rats were plae¢dhe
environmental conditions (12-12h light-dark cycléhw junction of the four arms of the maze, facing an
light on at AM) with sufficient food, water and uexd  enclosed arm, allowed to freely explore the mazktiair
good ventilation. The wistar rats were kept for twobehaviour was recorded simultaneously for 5 min by
weeks (14days) before commencement ofmeans of a video camera mounted above the mazéend
administration. This was to enable them to acclimeat  records analyzed. The preference for being in @pers

over closed arms was calculated to measure arliety-
Experimental design: The wistar rats were divided behaviour and an increase in open arm activityateur
into five groups: Control group was given distiltea  and/or entries) reflected anti-anxiety behaviour.
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Statistical analysis. SPSS for Windows Version 10.0 Table 1: Analysis of Variance of the time spenbpen arms of the
was used to perform one-factor Analysis of Variance elevated plus maze

(ANOVA) in order to compare the results of the S;OUpS (;Olmt 587Lém (sec) Agsegage (sec) Vag:nce
treated with the control and to check whether thexo 2 530 265 50
differences observed was statistically significamt X3 2 390 195 50
not. The probability level was set at p<0.05 (i35% X4 2 340 170 200

. ) X5 2 260 130 200
confidence interval). p-value = 0.000113

RESULTSAND DISCUSSION Table 2: Analysis of variance of the time spentlimse arms of the
elevated plus maze

Aluminium (Al) is one of the most abundant metals Groups Count  Sum (sec) Average (sec) Variance
in the earth’s crust. Human exposure to Al has bee! 2 30 15 50
increasing over the last decades. This elementaappe ﬁ g 218 1?655 Z%
mainly in food products and in drinking water dedv x4 2 260 130 200
from both natural sources and treatment methodss 2 340 170 200

(Yokel and McNamara, 2001).Drinking water p-value =0.000113

contribution has been estimated to be ranging fBem

8% (WHO, 2002) Health Canada, 1997. Role of A|Table 3: Analysis of variance of the number of &émli
intoxication in different organs in neurodegenemti —r°uPS Count _ Sum Average Variance

2 0 0.0 0.0

diseases has been recently emphasized (Sost@lg  x2 2 3 15 0.5
1997; Exley, 1999). Buraimo# al., 2011b stated that X3 2 4 2.0 0.0
P . . 2 6 3.0 0.0
Aluminium chloride exposure has negative effects ongs 2 7 35 05

behavioral endpoints of wistar rats (i.e., alterSp.yaue = 0.0003265
behaviour) and can impair learning and memoryhis t
study, the effects of Aluminum chloride on anxiéike Table 4: The number of time on close Arm entries

behavior in wistar rats were shown in Fig. 1-5. TheGroups Count Sum (sec) Average (sec)  Variance
locomotor activity of wistar rats was assessed hy t X3 % R e 69
number of crossing squares noted as scores pemfime x3 2 17 8.5 0.5

5 min for each wistar rats. The numbers of times of{ % %g 33 g2
entries of wistar rats into bo_th _o_pened _and cles®us 560000327

of the elevated plus maze significantly increasedss _ _

the treated groups (Fig. 4-5 and Table 4-5). Theas Table 5: The number of time on open Arm entries '
increase in defecation which may be due to heigite S/oUPS (;Oum S4um (sec) z,gverage (sec) Vgr(')ance
autonomic activity in the treated groups whenx2 2 8 4.0 0.0
compared with the control group (Fig. 3-5 and TableX3 g ié g-g 8-8
3-5). There was also increased number of timeg 2 18 9.0 0.0

crossing close arm entries (Fig. 4 and Table 4) an@-value = 1.73 E-05
increased average time spent in close arms(Fignd2 a

Table 2): but decreased time (lesser time) spetftén The preference of wistar rats for staying in cloaets

open arm of the maze when compared with the contrd]V€" OPEN arms observed in the treated groups sexb u
as a measure of anxiety-like behaviour and hence

grouph(Flg. 1‘ and Tafblebl).. . | Aluminium chloride in this study was implicated in
The preference for being in open arms over COSegnxiety-like behaviour unlike the control that shealv
arms was Calcula_ted to measure _a_nX|_ety-I|ke bemaV'Opreference for more exploration of open arms, slibwe
and an increase in open arm activity in controlugro  p, satistically significant increased time spenbpen
(duration ~and/or entries) reflected anti-anxiety 5rms and less exploration of closed arms in control
behaviour (Fig. 1 and Table 1). There was gradualroup when compared with the treated groups (Fig.
significant ~ decrease in open arm activity and 2; Table 1 and 2) and hence Aluminium maycaffe
(duration/time spent in open arms) of the elevaed  their learning ability as shown in Fig. 1 and Tatile
maze from groups | to V. (Fig.1 and Table 1). ThisThis agreed with the study of (Berlyre al., 1972;
was eminent in the control group |, that exhibisad Deloncle and Guillard, 1990) that stated that Itewgn
anti-anxiety behaviour (Increased open arms agjivit administration of soluble salt of Aluminium to rats
when compared with the treated groups Il to Vworsens their learning ability together with dinsinéd
(decreased open arms activity). cholinergic function and the rats become lethargic.
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Our observations revealed that the wistar ratstedea
with Aluminium Chloride had increased faecal boli
across group, spent lesser time in the open artheof
maze and more time in closed arm than the control
group and it was statistically significant at p<&(@able

1-3 and Fig. 1-3). This in turn indicated that the
Aluminium treated groups were more anxious than the
control groups in exploration of their activities ¢he
maze (Fig. 1 and Table 1). Based on our obsengtion
we therefore conclude that Aluminium Chloride
exposure has negative effects on anxiety-related
behaviour of wistar rats as indicated by increasde of
anxiety in aluminium treated rats.

CONCLUSION

It was concluded that Aluminium Chloride
exposure has negative effects on anxiety-related
behaviour of wistar rats as indicated by increased
of anxiety in aluminium treated rats.
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