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ABSTRACT
Introduction: Aluminium (AL) exposure leads to neurotoxicity
and many problems in the body. AL role in Alzheimer's Disease
(AD) is unknown and controversial to the scientists. According
to World Health Organisation (WHO) provisional tolerable
weekly intake of AL is 2 mg/kg body weight. Moderate intake
of alcohol may favour body in Coronary Heart Disease (CHD)
and diabetes mellitus, etc. Aluminium being cheaper along with
increased consumption of alcohol, mixed with each other may
induce neurotoxicity.
Aim: To identify the effects of AL in cerebrum of rats in presence
of ethanol co-exposure.
Materials and Methods: An experimental study was carried
out at Dr. RP Government Medical College, Kangra and
Government Medical College, Amritsar, India after due approval
from the Institute Animal Ethics Committee. Thirty-two wistar
rats were divided into one vehicle control and three experimental
groups. Group I received the normal saline water as vehicle
control group. Group II received AL chloride 4.2 mg/kg body
weight as experimental group. Group III received ethanol 1 gm/

kg body weight as experimental group. Group IV received
both AL chloride 4.2 mg/kg body weight and ethanol 1 gm/
kg body weight as experimental group. After treatment, brain
cortex was processed for histopathological observation under
microscope.
Results: Cerebral cortex showed normal architecture of the brain
with Haematoxylin and Eosin (H&E) staining and cresyl violet
staining and modified Bielschowsky's silver staining in low and
high magnification in vehicle control group. Experimental group
treated with AL and ethanol separately showed reduction in the
count of pyramidal cells with moderate neuronal degeneration
with pyknotic nuclei. Vacuolar changes and pericellular spaces
around the necrotic neurons were also seen. Combined AL
and ethanol treated group showed acute neurodegeneration
and necrosis of cortex indicating chromatolysis and loss of
substances and Neurofibrillary Tangle (NFT) and plaque.
Conclusion: It has been concluded that the ethanol induced
the effects of AL on the cerebrum and plays a significant role in
AD pathogenesis.
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Introduction
The AL is the 3rd most common element found in nature after silicon and
oxygen, comprising approximately 8% of the earth crust [1]. Central
Nervous System (CNS) is susceptible to AL toxicity and oxidative
stress. It is well-documented that AL exposure causes neurotoxicity
due to oxidative injury [2]. Many researches are conducted to find
out the effects of AL toxicity on CNS. Due to lack of awareness of
the toxic effects of AL and being cheap, AL utensils and containers
are used more in India. AL is widely used and its consumption is
noted through food, drinking water, AL containing drugs, containers,
utensils and food wrappings [3]. AL intake varies upon place, country
and diet. Approximately, 10 mg of AL is consumed daily by the
human body. Out of 10 mg, 9.6 mg of AL is taken up from foods
and 0.1-0.4 mg from utensils and 5 μg of AL taken from air [4]. AL
is in very less amount and 95% of the total AL is excreted by feces
[5]. Citrate may increase the AL absorption from the gastrointestinal
tract. Malate, gluconate, lactate carbonate, ascorbate also facilitate
the AL absorption [6]. It is also noted that silicone and iron decrease
the absorption of AL and eliminate through urine and feces [7].
Alzheimer’s disease by a neurological progressive impairment
affecting several cognitive domains behaviour, and personality [8].
AD is characterised by cerebral dysfunction along with biochemical
alteration. As a result, leads to difficulties to understand previously
known work and correlate new information, confusion, loss of memory
and personality disorder [9]. NFTs due to hyperphosphorylation of
tau protein and deposition of extracellular senile plaque due to hyper
phosphorylation of amyloid beta protein are the most important
pathological sign of AD. Loss of synapse and neurons, atrophy
is also noted in AD [10,11]. Familial gene mutation may onset the
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AD in early life by altering the secretion of amyloid beta protein.
Apolipoprotein E susceptibility gene is a risk factor in AD [12]. Many
studies explained the role of AL in AD, Parkinsonism and Dementia.
But the mechanism of AL neurotoxicity is not clear [13].
The cerebral cortex consists of six layers with pyramidal cells and
neuroglial cells which functions in memory, awareness, attention,
thought and language and consciousness. It also controls general
movements, visceral function, behavioural function and mental
function. Consumption of alcohol increased in the USA and other
countries since last few years [14]. Alcohol alters the neurotransmitter
and plasticity in prefrontal cortex, hippocampus and the limbic system
structures [15]. Elizabeth R et al., explained that moderate alcohol
consumption increase the HDL level and reduce the cholesterol
level in the blood and reduce the risk of stroke and stress, anxiety,
tension and AD also [16]. Ghosh B et al., demonstrated that early
chronic ethanol exposure reduces the number of neuronal cells in the
cerebellum [17]. Moderate intake of alcohol may control CHD in women
with type 2 diabetes mellitus [18,19]. Excessive alcohol consumption
causes impairment in cognitive and executive function and memory
impairment and dementia. It also causes social problems including
violence [20]. It is documented that AL toxicity may be influenced by
ethanol co-exposure [21,22]. Moderate beer consumption may be
a protecting factor for the toxic effects of AL [23,24]. It is noted that
ethanol alters the pharmacokinetics of AL [7]. AL and alcohol exposure
together enhanced the toxicity and neuropathological changes [25]
and may induce the age-related deterioration in brain [26,27]. Effects
of ethanol against the AL toxicity needs to be investigated. Present
study was designed to find out the effects of AL on the microscopic
structure of brain in presence of ethanol co-exposure.
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MATERIALS AND METHODS
An experimental study was carried out at Dr. RP Government
Medical College, Kangra and Government Medical College, Amritsar,
India from October 2014 to October 2018 after due approval from
the Institute Animal Ethics Committee, Registration no 668/02/C/
CPCSEA. Thirty-two wistar rats including equal number of male and
female of an average age of 120 days and average weight of 200 gm
were used in this study. After one week of acclimatisation rats were
randomly divided into four groups containing eight animals (four
male and four female) with the help of Random Allocation software
version 1.0, May 2004. Animals were kept in the airconditioned
animal house and fed with diet pellets and filtered tap water.
Group I received the normal saline water as vehicle control group.
Group II received AL chloride 4.2 mg/kg body weight as experimental
group.
Group III received ethanol 1 gm/kg body weight as experimental
group.
Group IV received both AL chloride 4.2 mg/kg body weight and also
ethanol 1 gm/kg body weight as experimental group.
The treatments were carried out through oral feeding gavage once
daily for period of 90 days. Their weights were recorded daily. After
three months, the animals were anaesthetised with chloroform
and an intracardiac perfusion of normal saline followed by 10%
formaldehyde was performed. The brains of all groups of animals
were extracted on an ice chilled tray. After sectioning, the cerebrum
of all animals was processed for routine paraffin embedding.

Histological Study
The brains were removed and fixed in the 10% formalin solution
for 24 hours. Following routine processing in paraffin, serial coronal
sections of the brain were cut at 6 μm thickness in automated
rotary microtome (Leica biosystem). The parts of each rat brain
section were stained with H&E staining, cresyl violet staining and
Bielschowsky’s silver staining according to Bancroft JD and Cook
HC Theory and Practice of Histological Techniques [28].
For H&E staining, slide were deparaffinised through xylene (2-3
min) and absolute alcohol (1-2 min) then dipped in 95% alcohol
followed by 70%, 50% and 30% alcohol. Then washed thoroughly
with distilled water and placed in haematoxylin for 3-5 minutes and
then examined the section after rinse with distilled water under low
magnification of microscope to confirm its over stained. Then rinsed
in distilled water and the slide was placed in another jar of 30%
alcohol for three minutes. Then placed in 50% alcohol and followed
by 70% alcohol and 95% alcohol. Then the slide was counter stained
in 0.5-1% eosin in 90% alcohol for 30 seconds to one minute until
the cytoplasm take deep pink stain. Then dipped in 95% alcohol for
few seconds and placed in absolute alcohol for three minutes. To
ensure full dehydration it was kept in next absolute alcohol for three
minutes. Then the slide was transferred in xylene for 2 minutes and
followed by next xylene for two minutes until the section appeared
absolutely clear or transparent.
Cresyl violet staining slide were deparaffinised through xylene (2-3
min) and absolute alcohols (1-2 min) then dipped in 95% alcohol
followed by 70%, 50%, 30% alcohol. Then placed in with 0.5%
filtered Cresyl fast violet; stained for 10 minutes. And then rinsed
with distilled water. Then the slide was differentiated in 0.25% acetic
alcohol until most of the stain was removed (4-8 seconds). The slide
was passed through the absolute alcohol into xylene and it was
checked microscopically for appropriate staining. The slide was
mounted in DPX after rinsing well in xylene.
Modified Bielschowsky’s silver staining demonstrates NFTs, nerve
fibres and senile plaques in AD. For modified Bielschowsky’s silver
staining the brain section of all the four groups were deparaffinised and
hydrated with distilled water three minutes. Then, the slide was placed
in prewarmed 20% silver nitrate at 40°C for 15 minutes. Section should
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turn light brown in colour. Then the section was placed in distilled water
for three minutes. Ammonium silver solution was freshly prepared by
adding concentrated ammonium hydroxide one drop at a time to the
silver nitrate solution until the precipitate that forms clears. Excess
ammonium hydroxide may cause a precipitate and result in a poor
impregnation of the fibres. The solution was prepared just before use
and discarded after use. The slide were incubated in the ammonium
silver solution in a 40°C oven for 30 minutes until the section became
dark brown. A developer stock solution was prepared by adding
formaldehyde 20 mL, citric acid 0.5 gm, nitric acid two drops, distilled
water 100 mL. Eight drops of the above developer stock solution
were added to the developer working solution (distilled water 50 mL
and ammonium hydroxide eight drops). The slide was then placed
to developer working solution for two to five minutes. The staining
reaction occurred very quickly and and it was confirmed by viewing the
slide under microscope. The slides were dipped in the 1% ammonium
hydroxide solution (0.5 mL concentrated ammonium hydroxide in
50 mL distilled water) to stop the silver reaction if needful. Slide were
washed in distilled water three minutes. And then slide were placed
in 5% sodium thiosulfate solution for five minutes. Again, washed in
distilled water three minutes and dehydrated with absolute alcohol
and cleared with xylene and mounted with DPX. The slide was viewed
under microscope. The histopathological observation were analysed by
seeing the morphological changes in neuronal cells and parenchyma in
low and high magnification.

Statistical Analysis
Descriptive statistics were used to analyse the data.

RESULTS
Cerebrum with H&E staining showed the normal architecture
in vehicle control (group I) in [Table/Fig-1a,b] in low and high
magnification. The six layers of cerebrum are seen as molecular
layer, external granular layer, external pyramidal layer, internal
granular layer, internal pyramidal layer and pleiomorphic layer in low
magnification. Large pyramidal cells were seen in internal pyramidal
layer in high magnification. In all these layers, the neurons appeared
with large nuclei and basophilic cytoplasm while smaller glia cells
were scattered in between neurons. The AL treated group (group II)
showed moderate neurodegeneration of pyramidal cells and vacuolar
changes with few empty spaces and pericellular spaces around the
necrotic neurons [Table/Fig-1c,d]. The ethanol treated (group III)
showed various histopathological changes and moderate neuronal
degeneration with pyknotic nuclei [Table/Fig-1e,f]. The AL and ethanol
combined treated (group IV) showed acute neurodegeneration and
necrosis of cerebral cortex, indicating vacuoles, pericellular spaces
around the necrotic neurons [Table/Fig-1g,h].
Cerebrum with cresyl violet staining showed the normal architecture
of the brain in vehicle control (group I) as shown in [Table/
Fig-2a,b]. The AL treated group (group II) showed moderate
neurodegeneration and loss of nissl substances [Table/Fig-2c,d].
The ethanol treated (group III) showed various histopathological
changes in the pyramidal cells with necrosis of the pyramidal cells
[Table/Fig-2e,f]. The AL and ethanol combined treated (group IV)
showed acute neurodegeneration and necrosis of cerebral cortex,
indicating vacuoles, pericellular spaces around the necrotic neurons
and chromatolysis [Table/Fig-2g,h].
Cerebrum with modified Bielschowsky’s Silver staining showed
the normal architecture of the brain in vehicle control (group I)
[Table/Fig-3a,b]. The AL treated group (group II) showed moderate
neurodegeneration of pyramidal cells [Table/Fig-3c,d]. The ethanol
treated (group III) showed various histopathological changes and
moderate neuronal degeneration with pyknotic nuclei [Table/
Fig- 3e,f]. The AL and ethanol combined treated (group IV) showed
acute neurodegeneration of cerebral cortex, several neuronal loss
with NFT and plaque seen in [Table/Fig-3g,h].
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DISCUSSION

[Table/Fig-1]: H&E staining. Low magnification (10x) and high magnification (40x).
Vehicle control group cerebral cortex (a & b), aluminium treated group cerebral
cortex (c & d), ethanol treated group cerebral cortex (e & f), combined aluminium
ethanol treated group cerebral cortex (g & h). a) The six layer of cerebrum seen as
molecular layer, external granular layer, external pyramidal layer, internal granular
layer, internal pyramidal layer and pleiomorphic layer (10x). b) Pyramidal cell seen in
high magnification (40x). c) diffuse neuronal cell loss (10x). d) vacuolisation (v) and
astrocytosis and pericellular spaces around the necrotic neurons (black arrow) (40x).
e) diffuse neuronal loss (10x). f) pericellular spaces around the necrotic neurons
(black arrow) (40x). g) diffuse neuronal loss (10x). h) pyknotic neurons and pericellular
spaces around the necrotic neurons (black arrow) (40x).

[Table/Fig-2]: Cresyl violet staining. Low magnification (10x) and high magnification
(40x). Vehicle control group cerebral cortex (a & b), aluminium treated group cerebral
cortex (c & d), ethanol treated group cerebral cortex (e & f), combined aluminium
ethanol treated group cerebral cortex (g & h). a) The six layers of cerebrum seen
(10x). b) Pyramidal cell seen in high magnification (40x). c) diffuse neuronal cell loss
(10x). d) chromatolysis and loss of nissl substance in the pyramidal cell (arrow) (40x).
e) diffuse neuronal loss (10x). f) necrotic neurons (arrow) (40x). g) diffuse neuronal
loss (10x). h) chromatolysis and loss of nissl substance in the pyramidal cell (40x).

[Table/Fig-3]: Modified Bielchowsky silver staining. Low magnification (10x) and
high magnification (40x). Vehicle control group cerebral cortex (a & b), aluminium
treated group cerebral cortex (c & d), ethanol treated group cerebral cortex (e &
f), combined aluminium ethanol treated group cerebral cortex (g & h). a) The six
layers of cerebrum seen (10x). b) Pyramidal cell and axon seen in high magnification
(40x). c) diffuse neuronal cell loss (10x). d) necrotic pyramidal cells (40x). e) diffuse
neuronal loss (10x). f) loss of pyramidal cells (40x). g) Severe neuronal loss (10x).
h) Neurofibrillary Tangle and plaque (arrow) (40x).
Journal of Clinical and Diagnostic Research. 2021 Jun, Vol-15(6): EC19-EC22

The AL crosses the blood brain barrier and effects the brain [29].
High dose of AL leads to neurodegeneration, NFT and senile plaque
formation in the brain. AL accumulate in the large pyramidal neurons
of the cortex, hippocampus and other region of the brain and leads to
AD [30]. Klotz K et al., explained provisional tolerable weekly intake is
2 mg AL/kg body weight. Biological tolerance value at the workplace
derived on the basis of neurotoxicity as the critical endpoint 50 μg/g
creatinine (BAT value); not classified into a carcinogenicity category
according to German Research Foundation. The tolerable weekly
intake set by the European Food Safety Authority (EFSA) is 1 mg
AL/kg body weight which can be reached through dietary exposure
alone [31]. In the present study, neurodegeneration of pyramidal cells
in cortex with moderate vacuolar changes with few empty spaces
were seen. Pericellular spaces around the necrotic neurons were
also seen due to moderate AL toxicity. Previous study explained AD
brains contain higher levels of AL. Spectrograph study explained that
the AL content is more in AD brain than normal brain [32]. AD is a
neurological disorder due to formation of senile plaques, NFT and loss
of cholinergic neurons in the brain [33]. Accumulation of AL in brain
and senile plaque and NFT is also observed in AD [34].
Researchers in 1965 found tau tangles and amyloid levels in the brains
of rabbits after AL exposure. Afterwards researchers focused on
the relationship with AL and AD [35]. Few researches explained that
oxidative stress also induces AD [36]. But direct role of AL in AD has not
been established. Epidemiological studies suggest that AL level may
link with AD. The main pathological features of the AD are the deposition
of amyloid beta and senile plaque and NFT [37]. AL induce gliosis and
such neurodegenerative condition which can also be seen in AD and
Parkinson’s disease [38]. This neuronal loss in AD is due to gliosis and
oxidative stress [39]. Neurodegeneration and decrease in brain volume
are due to the loss of axon and synapse and neurons [40].
Binge alcohol consumption may induce AD [41]. The amount or
dose of alcohol developing AD is not clear till date. In this study,
it was found that found ethanol induced various histopathological
changes like neuronal degeneration with pyknotic nuclei compared
with control group. Cholinergic system is affected by both alcohol
and AL. Therefore, alcohol may induce the AD. Early study explained
cholinergic system and its role in memory and also in AD. Lower
levels of acetylcholine are found in AD [42]. Alcohol also effects on
many neurotransmitter and induced AD [43]. One study explained
the protective effects of alcohol in AD [44]. Epidemiological studies
didn’t find any correlation between alcohol use and AD. Loss of
neurons connection with cholinergic neurons is documented in AD
[45]. Humans and animals are affected more in exposure to mixture
of toxic agents [46]. Brain damage in rats were significantly noted
with AL and acrylamide exposure. However, when the animals
were exposed to ethanol and AL the brain tissue became more
affected, especially with the higher doses of ethanol. Ethanol
induces the oxidative stress alone in the brain but AL with prooxidant ethanol favour the AL induced oxidative stress in cerebrum
[47]. In the present study, AL and ethanol combined treated brain
showed chronic neurodegeneration and necrosis of cerebral cortex,
indicating vacuoles, pericellular spaces around the necrotic neurons,
chromatolysis and loss of nissl substances. Neuritic plaque and
tangle were also seen in the cerebrum. Moreover, the present data
demonstrated that chronic ethanol exposure induces the AL toxicity
in cerebral cortex and plays a significant role in AD pathogenesis.

Limitation(s)
In addition to gender, different age group of rats may be included in the
study. This study explained only histopathological changes of the brain
structure under microscope with special staining. More extensive work
in the molecular level and statistical explanation is required.
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CONCLUSION(S)
Present study showed that AL and ethanol both are neurotoxicant.
Most importantly NFT and plaque were seen in combined exposure
of AL and ethanol treatment. It has been suggested that the ethanol
induced the effects of AL on the cerebrum and plays a significant
role in AD pathogenesis.
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