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Abstract - Concussion is a brain injury with complex pathophysiological process induced by traumatic
biomechanical forces and results to affectations to the neurocognitive domains. Exposure to Cadmium, a
major global pollutant, which has found extensive use in industries also exerts several toxic effects on the
brain by several mechanisms. Hence the need to examine the effects of administration of Cadmium and
repetitive concussion on cognitive functions (learning, memory and perception) in adult Wistar Rats. This
study was carried out on 25 rats which were divided into five groups as negative control group, 5 mg/kg
b.w. Cadmium-only Group, Repetitive concussion only group, Smg/kg b.w. Cadmium+ repetitive
concussion group and standard drug group which received Epinephrine. The animals were allowed to
perform cognitive/spatial tasks (i.e. navigational maze, elevated plus maze, Barnes maze, passive avoidance
and inverted screen tests), in a four-day period with five trials each day. The findings showed that repetitive
concussion can be implicated in the cases of short term impairment in spatial working memory, spatial
reference memory, cognitive flexibility, as well as impairment in acquisition, consolidation and recall, as
well as a state of anxiety, while the administration of cadmium could be said to demonstrate its adverse
neurocognitive impact according to this study in the area of short term impairment in spatial working
memory, spatial reference memory and cognitive flexibility as well as impairment in the acquisition,
consolidation and recall. A combination of the two factors showed a progressive loss of motor skills and
anxiety.
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Introduction

Cognition is a psychological term that includes the processes of learning, memory and attention, as well as
perception, language,intelligence, and reasoning. Cognitive phenomena are essentially internal psychological
processes which, from the experimentalpoint of view, must be inferred from overt changes in an organism’s
behaviour (1). Furthermore, executive function refers to cognitive processing that can be described as top-down,
active manipulation of information or control of behavioural states (2), which are mediated by overlapping but
unique prefrontal cortical circuits and include attention, initiation, set-shifting or mental flexibility,organization,
abstraction, planning and problem-solving (3.4).

Concussion defined as a clinical syndrome involving a disturbance in brain function that is generally time-limited
and results from biomechanical forces, such as a bump, blow, or jolt to the head or body (5,6). In addition, an
earlier definition by McCrory et al. (7), referred concussion to a sudden and transient alteration in consciousness
induced by traumatic biomechanical forces transmitted directly or indirectly to the brain. Ropper and Gorson (8)
also reported that there may or may not be loss of consciousness, although a concussion typically does involve
some period of transient amnesia. Cadmium (Cd) is a silvery-white, soft, ductile chemical, heavy metal and a
naturally occurring (sparsely distributed) element which is found in the Earth’s crust with a concentration of
0.15ppm, as well as relatively poor abundance (64" amongst elements) in the earth's crust (9,10). Its interference
with brain function is the focus of this study.

Materials & Method
Animals
A total of twenty-five (25) adult male wistar rats which weighed about 140 — 190 g were used for this study. The
animals were purchased from the animal house of Department of Human Physiology, University of Port Harcourt,
and housed in clean disinfected wooden cages with saw dust as beddings, with 12hours light/dark cycle and 50-
60% humidity at a temperature of about 30°C and were allowed to acclimatize to the new environment for two

weeks, with free access to clean water and animal feed (standard finisher feeds, Top feed, Nigeria) before the
experimental processes began.
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Experimental Induction of Concussion

The animals for the study were exposed to mild skull knock with hammer for 5 times per minutes daily. This was
done to set up an agitation within the skull, though not hard enough to knock off consciousness in the rats.
Appropriate observable characteristics were scored and recorded according to the modified method of Smith et
al. (11)

Experimental Intoxication of Cadmium

Cadmium chloride (CdCl,.H,0, 99% pure) was purchased from Sigma Chemicals (St Louis, MO, USA)
was used for this study. The animals in the group which was administered with cadmium receive 5
mg/kg BW Cd?" intraperitonially. The Cd intoxication protocol was chosen based on published research
(12).

Animal grouping & Treatment

The entire animals for the study were weighed and randomly divided into five groups of five animals each. The
animals in group I which served as the control group were given intraperitoneal injection of 0.5 mL of
physiological saline, clean water and feed only, without any of treatment. Those in Groups II were administered
with 5 mg/kg BW Cd?" i.p., as well as clean water and feed. Animals in group III were exposed to concussion
only using the Skull Hammer and as well as given food and clean water. Group IV animals received Smg/kg BW
of Cadmium plus induced with concussion while Group V animals served as the standard group which received
epinephrine.

Determination of Cognitive function

The following experimental protocols were followed in the investigation of the effects of administration of
Cadmium and concussion on the cognitive activities (learning, memory & perception) of the animals. This was
carried out in a quict laboratory by using the Barnes-maze, passive —avoidance test, Navigational task and the
elevated plus maze.

Navigational Task

This widely used test is essential in behavioural neuroscience to study spatial learning and memory, as it measures
both cognitive and motor functions in rats. In this study, each rat was placed in an opaque maze of length 153.1
cm, monitored and the time it took to navigate through the box to the other end was noted using a stop watch. The
principle governing the test is based on the ability of the rats to use either spatial or cue information to solve the
task. Hence it is used to basically test mnemonic function in rats as the animals are allowed to find their way
through the environment without getting lost. This requires memory for locations and routes.

Barnes — Maze Test

This task was designed over four decades ago (1979) and is still found useful and appreciated till date as a means
of assessing spatial working memory, spatial reference memory (short and/or long term) and cognitive flexibility
(13). This test consists of an elevated circular surface with equally spaced holes (8) of uniform diameter around
the edge and one of them with a darkened escape hole that rats can escape the maze.

Inverted Screen Test

Inverted screen test is a Sensorimotor test which evaluates the muscle (grip) strength of the animal. It uses the
inverted screen apparatus to evaluate the behavioural motor function (motor skills and muscle strength) of the rat
in task performance, with time. The principle is based on the grip strength of the animals in an inverted position
by calculating the hanging duration, or the ability to hang on to objects of varying weight. It follows the following
procedureas described previously (13, 14).

Passive — Avoidance Test

This stands as a useful test which uses an equal 2-part Plexiglas box that has bright and dark parts for evaluating
the effects of novel chemical entities on learning and memory as well as studying the mechanism involved in
cognition. In accordance with the guidelines of the American psychological association, a minimal amount shock
intensity needed to motivate the animal was used in this task. However, no aversive stimulus applied to animals
upon re-entry into the dark compartment during testing. The method used was in line with the study of Rezazadeh,
Ahmadifar and Manesh (15),

Elevated Plus Maze

The procedure for this test was carried out as previously described (16,17) and briefly described as follows; The
animal was placed on an elevated maze of 32cm high having four open arms of 14.2cm (diagonally). The animal
was placed in the center of the four arms and the stop watch started. The time taken for the animals to go through
the four arms (both open and enclosed arm entries) was recorded as the Transfer latency (TL), the time (in seconds)
taken by the animal to move from the open arm into any one of the covered arms with all its four legs. Entry into
an arm was defined as the point when the animal places all four paws into the arm.
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Statistical Analysis

The statistical analysis for this study was performed using Statistical package for Social sciences (SPSS) software
version 23. The quantitative data were represented in the charts and graphs, while qualitative data from the
behavioural study was represented in tables. The variation and the statistical significance of the differences
between the groups were determined by Analysis of Variance (ANOVA) and Turkey post Hoc test.

Ethical Considerations

An approval for this study was sort from the center for Research ethics and management of the University of Port
Harcourt prior to the commencement of the study.

Results

Table 1: Effects of Cadmium and Concussion on cognitive function of wistar rats.

Navigation Maze Task

Group Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
Control group 25.20+3.35 31.20+3.35 34.00 + 6.83 23.09 + 6.96 31.20£3.67
Cadmium group 67.54+58.46 93.40+52.04 80.43+5527 91.80+52.28  78.83 +55.65
Concussion group | 11.91 £9.06 134.89 + 68.03  20.52 +8.15 74.09£56.75  69.44 + 57.69
Cad + Con group | 7.06 +4.25 5.07£6.25 6.35+4.46 8.54 +7.38 9.49+8.16
Epinephrinegroup | 15.85+5.62 28.40+6.26 29.20+7.73 24.07 + 8.96 3480+ 8.14
Data are expressed as mean = SEM, n=5 (time =+ s)
Table 2: Effects of Cadmium and Concussion on cognitive function of wistar rats.
Barnes Maze Task
Group Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
Control group 21.47+9.11 7520+56.34  1849+6.55 72.20+57.07 1821+7.14
Cadmium group 65.88 £58.57 74.88+56.81 64.87+£58.84 67.50+58.25 74.65+56.92
Concussion group 30.30+10.80 82.60+54.63  72.22+£57.08 72.22+57.08  70.08 +£57.63
Cad + Con group 10.40 +4.82 19.60 = 8.97 1520+ 8.14 1520+ 8.14 11.60 +5.31
Epinephrine group 15.40+3.79 15.60+3.14 23.80+8.37  23.80+8.37 20.00 +7.77
Data are expressed as mean = SEM, n=5 (time =+ s)
Table 3: Effects of Cadmium and Concussion on cognitive function of wistar rats.
Inverted Screen Test

Group Trial 1 Trial 2 Trial 3 Trial 4 Trial 5

Control group 1452+6.52 2540+8.77 2320+6.73 23.00+849 23.80+5.95

Cadmium group 11.60+4.02 10.20+3.35 11.40+£493 820+3.04 740+242

Concussion group 8.60 +3.97 8.80+3.66 6.80+2.81 6.80 £2.85 5.40+2.29

Cad + Con group 5.80+1.85 10.60+2.97 9.20+2.22 10.00 +£2.00 8.80+2.39

Epinephrine group 9.00+1.76 7.40+0.93 6.80+132  7.60+0.81 7.00 £1.00

Data are expressed as mean = SEM, n=5 (time =+ s)
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Table 4: Effects of Cadmium and Concussion on cognitive function of wistar rats.

Passive Avoidance Test

Group Trial 1 Trial 2 Trial 3 Trial 4 Trial 5
Control group 76.47 + 56.14 81.69+55.01 80.44+5531  79.89+55.37 82.26 £55.17
Cadmium group 17.80 £ 10.02 18.80+£10.15 23.60+11.21 823+5.16 19.80 £9.53

Concussion group | 124.80+71.56  121.60+72.83 69.43+5791  66.49 + 58.46 67.22 + 58.35
Cad + Con group 69.27 +58.01 125.00+£71.52  129.00+70.02 132.20+69.03  127.40+70.55
Epinephrine group | 129.55+70.04 13820+ 66.63 70.82+57.94  68.20 + 58.27 69.96 + 58.08

Data are expressed as mean = SEM, n=5
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Figure 1: Graphical representation of the result of the elevated plus maze test (left) on the effects of Cadmium and Concussion on cognitive
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Figure 2: Graphical representation of the result of the elevated plus maze test (right) on the effects of Cadmium and Concussion on

cognitive function of wistar rats.
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Figure 3: Graphical representation of the result of the elevated plus maze test (semi-closed) on the effects of Cadmium and Concussion on
cognitive function of wistar rats
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Figure 4: Graphical representation of the result of the elevated plus maze test (closed) on the effects of Cadmium and Concussion on
cognitive function of wistar rats during day four.

Discussion

The effect of exposure to environmental pollutants and toxins such as heavy metal on the brain and nervous
system has been the subject of many researches on recent times. According to Kumar et al. (18), the interactions
between an organism and its environment are known to influence and evoke neurobehavioral changes. It has since
been proven that the mechanism of their action revolves around Cytotoxicity which leads to necrosis and
apoptosis, oxidative stress and lipid peroxidation, immunotoxicity and neurotoxicity (19, 20, 21, 22). Another
issue of concern to the public health with serious consequence on the nervous system especially in the area of
cognition is repetitive concussion as a result of several voluntary or involuntary activities as well as accidents. It
has been said to be able to affect attention and concentration, cognitive processing speed/efficiency, learning and
memory, working memory, executive function and verbal fluency (23,24). Hence, the aim of this study was to
determine the effects of administration of Cadmium and repetitive concussion on cognitive functions in adult
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Wistar Rats, using the navigational task, Barnes-Maze test, passive avoidance model, inverted screen model and
elevated plus maze tasks.

The findings of the study based on the completion of navigational task showed that exposure to cadmium and
repetitive concussion in the animals had only a short term negative impact on navigational performance of the
animals while a combination of the two had no noticed negative effect on the navigational performance of the rats
as a result of the time taken to complete the navigational task when compared with the control group. In contrast
to what was observed in this study, despite being a known neuro-toxicant, cadmium administration did not affect
cognitive functioning of the experimental animals used in the study of Wang and Du (25). However, in the study
of Wang et al. (26), it was observed that Cd exposure in animals for 20 weeks, impaired hippocampus dependent
spatial working memory in male mice.

Looking at the results obtained from the Barnes-maze test on the spatial working and reference memory of the
Wistar rats, it was observed that administration of cadmium and exposure to repetitive concussion alone had short
term (instant) effect on the cognitive performance of spatial working memory, spatial reference memory (short
and/or long term) and cognitive flexibility of the animals with respect to the control group. However, combination
of the two had no noticeable effect on cognitive performance of spatial memory of the animals with respect to the
control group, as a result of the continuous reduction in the escape latency time recorded in the study. This result
did not totally agree with that of a population wide study conducted in china by Emsley et al. (27) which did not
detect an association between cognitive score and water cadmium levels. In contrast with the finding of this study,
a small study by Hart, Rose, & Hamer (28), which evaluated occupationally exposed workers from a refrigerator
coil manufacturing plant, found that workers with higher urinary cadmium levels over time, had worse
performance in tests of attention/psychomotor speed, and memory. In another similar study of 89 workers (42
exposed and 47 control), urinary cadmium was significantly associated with poor visuomotor performance
(symbol digit substitution and simple reaction time tests) (29). These effects may be attributable to longer and
greater level of exposure to cadmium among the workers.

The inverted screen test analyses the muscle (grip) strength of the experimental animals using all four limbs by
taking advantage of the animal's tendency to grasp the wire mesh in an inverted position. The data generated from
the study showed that the combined exposure to cadmium and repetitive concussion brought about a continuous
decrease in the duration of the inverted screen test, while those in groups two (cadmium) and three (concussion)
showed no sign of any significant effect in the grip strength of the animals when compared with those in groups
1 (control) and 5 (epinephrine). This data implies that the combined exposure to cadmium and repetitive
concussion leads to a progressive loss of motor skills.

Passive avoidance test has been instrumental in ascertaining learning and memory in wistar rats as a result of
changes in the step-through latency. As stated in the study of Roediger et al. (30), the passive-avoidance task is a
hippocampal and amygdala-dependent test which evaluates long-term (24 h) emotional memory, based on
contextual-fear conditioning and instrumental learning to avoid an inescapable electrical shock, and longer
retention latencies indicate a better learned experience. In the test, the animals upon exposure to the first trial are
expected to acquire the information that entry into dark chamber results in painful experience of electric shock,
and the cognitive ability of the animals was reflected by avoidance of the entry (31). It was seen from the
experimental data that the groups administered with cadmium as well as those exposed to repetitive concussion
developed a significant impairment in acquisition, consolidation and recall of a passive avoidance response as
seen in the decline in the step-through latency. However, a combination of the two in the experimental animal
showed an opposite result as seen in the steady increase in step-through latency which demonstrates an
improvement in short and long-term memory and learning function of the brain. The results of the present study
show that administration of cadmium as well as exposure to concussion in rats induces a significant learning and
memory disturbance in passive avoidance paradigm. In another study where the experimental animals were
stressed, the passive avoidance test revealed impaired memory retention while an earlier study by Lehotzky et al.
(32) found that prenatal exposure to Cd significantly retarded the acquisition of the conditioned escape response
in rats. Some more recent studies have shown that Cd exposure also decreases the step-down latency in inhibitory
avoidance task in rats (33,34,35).
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Conclusion

This study was carried out to ascertain the effect of administration of cadmium and exposure to repetitive
concussion on cognitive functions of adult male wistar rats. The findings show that repetitive concussion can be
implicated in the cases of short term impairment in spatial working memory, spatial reference memory, cognitive
flexibility, as well as impairment in acquisition, consolidation and recall, as well as a state of anxiety. In the same
vein, administration of cadmium could be said to demonstrate its neurocognitive effect according to this study in
the area of short term impairment in spatial working memory, spatial reference memory and cognitive flexibility
as well as impairment in the acquisition, consolidation and recall. A combination of the two factors showed a
progressive loss of motor skills and anxiety.
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