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ABSTRACT
Introduction: aluminium is a nonferrous metal which is consumed daily by people knowingly or unknowingly from various 
sources like the air, food, drinking water and medicines. The debate on the issue that aluminium (Al) could be a contributing 
factor for some neurological diseases have intrigued several researchers to focus their study on effect of Al on the nervous 
system. The neurotoxicity of Al is well reported but the optimal neurotoxic dose of it is still not clear. This review article 
compiles different dosages of Aluminium choride (AlCl3) that has induced neurotoxicity in experimental rat models, as AlCl3 is 
predominanty used in antiperspirants, medicines and cosmetic materials. It is mainly focused upon two routes of administration 
of AlCl3 i.e oral & intra-peritoneal. The neurotoxic effect of Al leading to various disorders like Alzheimer’s disease, dementia 
and toxic effect in cerebellum, were observed by various authors in experimental rats. We have tabulated different dosages of 
AlCl3 that has induced neurotoxicity and is effect on different parameters which would be helpful for researchers in conducting 
experiments in this area. The lethal dose of aluminium chloride (LD 50) is reported as 3630±400mg/kg/body weight by oral 
route in rats. From numerous studies on rats it is evident that the highest dose of Al given to rats was 1900mg/kgbw by oral 
route and 150mg/kgbw by intra-peritoneal route. 
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Introduction
As the proportion of aged population is increasing 

in recent years the prevalence of neurological diseases 
has become a matter of concern for worldwide 
health system. Among environmental risk factors 
for neurological diseases aluminium (Al) is much 
discussed, though the contribution of it for the 
same is controversial. It is an extensively used metal 
since good olden days, for both household as well 
as industrial purposes. Al is a non-ferrous metallic 
element available on earth’s crust most abundantly. 
It is the main component of bauxite rock and 
present in other aluminium salts, as cryolites and 
silicates which is used widely1. The usage of Al has 
increased in industrial applications due its qualities 
like lightweight, nonmagnetic, pliable, and ductile 
nature2. The production of Al for industrial activities 

and its use in manufacturing, exploration, smelting, 
mining and polishing cause anthropogenic release of 
great amount of Al to the environment, both aquatic 
& terrestrial. The powder of Al is used in production of 
paints, explosives, propellants as well as fuel additives. 
Apart from these, Al oxides are used as food additives, 
ceramic containers, catalysts, fibres which are heat 
and glass resistant, alloys, artificial gems etc. Al 
hydroxide is utilized in medicines like antacids and in 
vaccines. The Al components are used in some baking 
powder, colouring agents, fillers and preservatives. 
The natural Al minerals such as zeolite and bentonite 
are important for water purification, refining sugar, 
brewing and in paper industries. Due to its abundance 
in the environment, animals and humans get exposed 
to Al very easily by oral and respiratory roots3. Because 
of such easy absorption into the system, Al exerts its 
toxic effects through different pathways (Figure 1)4. 

Figure 1. Exposure to Al and its toxicological impacts4.
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Effect of Al on the body system: Chronic exposure 
of this metal leads to changes in skeletal, nervous, 
hematopoietic and respiratory systems though the 
effect of it depends on the amount of metal or its alloy 
used in the study on humans or animals5-8.

Although only a small portion of aluminium is 
absorbed by gastrointestinal tract, Testolin et al. opine 
that the oral intake has the greatest toxicological 
implications9. The authors opine that absorption of Al 
is higher in proximal part of intestine when compared 
to stomach. According to them absorption of Al in 
the GIT appears to take pace in two steps, in which 
first step is uptake of Al by mucosal cells that will 
be released into the blood slowly in the second step. 
The mechanisms involved in absorption process of 
Al in the gastrointestinal tract have been proposed 
by diffusion as well as carrier and vesicular mediated 
transport process in cells of the intestine. According 
to WHO (World Health Organization) tolerable weekly 
dose of Al for 70 kg adult is 20 mg/kg/day10. When 
the investigation was done on cook wares made from 
scrap metals, it was observed that the mean exposure 
estimate for Al was 125mg per serving (250ml) in Al 
cookware which is about six times more than the WHO 
suggested tolerable weekly intake11. Also an average tea 
consumption can also transfer up to 50% of one’s daily 
Al intake5.

It has shown various negative effects, such as 
neurotoxicity in the form of memory loss & behavioural 
changes, loss of weight and even death in extreme 
cases12. 

The association between Al exposure and 
neurotoxicity is well established as depicted in 
Figure 2. 

On this context various researchers have attempted 
to study the neurotoxic effect of Al using different 
animal models and dosages of Al compounds. In this 
review article we have compiled different dosages of 

AlCl3 that has induced neurotoxicity in Wistar rats. 
Though there are studies on different combinations 
of Al we have reviewed the dosage of AlCl3 as it is 
predominantly used in antiperspirants, medicines 
and cosmetic materials from where it can be easily 
absorbed into the system. Additionally, AlCl3 can be 
easily procured from the lab for study purpose.

A thorough literature was performed using different 
databases like PUBMED, SCOPUS and EBSCO to 
compile the effect of different dosages of AlCl3 on 
various parameters in rat brain.

Though there are number of factors that can 
induce neurotoxicity, the abundance of aluminium 
in air and eatables suggest it to be a trigger factor 
for neurotoxicity. Compilation of different dosages of 
AlCl3 that has induced neurotoxicity can benefit the 
researchers for their studies on the compounds that 
can ameliorate the toxic effect of Al (Table 1, 2 & 3). 

Conclusion
In this review article we have compiled a range 

of doses of AlCl3 that has induced neurtoxicity. 
Accordingy, the highest dose of Al given orally to 
rat was 1900mg/kg/body weight with 56 days to 
induce neurotoxicity. The highest number of days of 
Al administration by oral gavage was 90 days38, 39 and 
by mixing in drinking water was 180 days42. The LD50 
for AlCl3 in rats is reported as 3630±400mg/kg/body 
weight44.

Sanchez-Iglesias et al. found that aluminum 
accumulation in brain was comparatively more in rats 
administered with AlCl3 intraperitoneally than oral 
consumption45. This suggests that the distribution of 
Al in brain depends upon the route of administration 
also. From this it can be elucidated that intraperitoneal 
administration of AlCl3 is more effective to induce 
neurotoxicity in rats, than oral route and also it takes 
less duration as well as quantity of AlCl3. 

Figure 1. Acute aluminium chloride neurotoxicity revisited13
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Table 1. Reports of neurotoxicity in experimental rats, induced by per oral administration of different dosages of AlCl3.

Author

Dosage
(mg/kg 
bw/day) 

Time 
(days)

Biochemical 
study result Cognition test result Histological 

Observation (IHC and H&E)

Khalil et al, 202014 100 60

MDA↑
TAO ↓
MMP-2↑
MMP-9↑

Modified elevated plus maze, 
Y-maze task, Novel object 
recognition test showed reduction 
in memory power

Perivascular haemorrhage; 
astrocyte infiltrations, 
degenerated neurons 
in CA3 & CA4 regions of 
hippocampus; Purkinje cell 
necrosis in cerebellum

Bindhu et al, 201915 100 42

CAT↓; GSH ↓
SOD ↓; MDA↑
AChE↑

Elevated plus Maze & rotarod test 
showed cognitive impairment NFT seen in hippocampus

Chiroma et al, 
201916 200 70 -----------

 T-maze spontaneous alternation, 
modified elevated plus maze 
and novel object recognition test  
showed cognitive impairment

Pyramidal neurons in CA1 
of hippocampus were 
degenerated

Hammoud et al, 
201917 100 42 ------------- -------------- Focal gliosis and  

haemorrhage in cerebrum 

Kumar et al, 201918 100 60 ------------
Passive avoidance test displayed 
disability to learn or retain 
memory 

Neurodegenerative 
alteration observed in 
CA3 and CA1 areas of 
hippocampus

Al-Balawi et al, 
201819 20 30

AChE↑
DOP & NE- 
unchanged --------------- -------------

Rather et al, 201820 100 42

AChE↑; iNOS↑
NFkB↑; TNF-α↑
IL-1β↑; IL-6↑
IL-4↑; IL-2↑
Iba-1↑; COX-2↑
APP↑; Aβ1–42↑
β-secretases ↑ 
γ -secretases↑

Morris water maze test &  passive 
avoidance test displayed memory 
and learning impairment 

--------------

Nallagouni et al, 
201721 100 56 --------------- ----------- Neuronal damage in both 

the parts of brain

Said and Rabo, 
201722 84 28

TAS↓
MDA↑
TNF-α↑
AChE↑
Casp-3↑
BDNF↓
GFAP↓
Serotonin↓

------------

Lower the GFAP activity in 
the striatum;
Meningeal vessels 
congestion were noted. 
pyknotic neurons in cerebral 
cortex and pyramidal cells 
of the hippocampus 

Prema et al,201623 100 42

AChE↑; APP↑
Aβ1–42↑
β-secretases ↑ 
γ-secretases↑ pAkt 
↓; 
pGSK-3β↓

Passive avoidance test showed 
memory impairment. ------------

Ghoneim et al, 
201524 17 28

BDNF↓
GFAP↑
Ki67↓
TrkB↓

-----------

Shrunken small pyramidal 
cells and some cell loss 
in CA3 and CA1 regions of 
hippocampus;  An increase 
in the number of GFAP 
immuno-reactive astrocytes  
and the glial fibres
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John et al, 201525 175 60

Nitrite↑; MDA↑
AChE↓; Catalase↓; 
GSH↓
TNF-α↑

Morris water maze test displayed 
memory impairment ---------------

Nampoothiri et al, 
201526 175 60

Nitrite↑; MDA↑
AChE↓; Catalase↓
GSH↓; TNF-α↑

Morris water maze test displayed 
memory impairment ------------

Lin et al, 201527 100 42

Aβ1–42↑
AChE↑
Al↑

Morris water maze test exhibited 
earning & memory impairment

Shrunken and pyknotic 
nuclei in the neurons of CA1 
& dentate gyrus of cerebrum 

Sood et al, 201528 100 42

ATP levels↓
ATP synthesis↓
ATP hydrolysis↑
MDA↑
NADH 
dehydrogenase↓;
Succinic 
dehydrogenase↓; 
cytochrome 
oxidase↓; ROS↑

------------ ---------------

Buraimoh et al, 
201429 40 28 ------------ ------------- Purkinje cell loss 

Kamel and 
Mostafa, 201330

320 mg/kg/
liter 56 ------------- --------------

Increased GFAP; astrocytes 
present in the polymorphic 
as well as molecular 
layers were extended their 
immunoreactivity into 
the pyramidal cell layer; 
Number of pyramidal cells 
in CA1 region decreased

Zaky, 201331 25 30

MDA↑; AST↓
GST↓; Catalase↓
GSH↓; Aβ↓
NF-kB↑; IL-6↑
TNF-α ↑; iNOS↑

------------ ------------

Buraimoh et al,  
201232

475, 950, 
1425, 1900 56 ------------- --------------

Extensive neuronal 
vacuolization suggesting 
neurodegeneration

Kumar et al, 201133 100 42

Nitrite↑; MDA↑
Catalase↓; GSH↓
SOD ↓; GST↓
AChE↑

Memory deficit by Water Maze test ------------

Bihaqi et al, 
200934 50  90

Na-K ATPase↓
AChE↑
M1 receptor↑ 
ChAT ↑; NGF-TrkA↑ 
Cdk5↑

--------------- ---------------

Sethi et al, 200835 50 mg/kg/
liter 180

SOD ↓
GST↓
GPx ↓
Na-K ATPase↓
PKC

Morris water maze and open field 
test displayed  spatial learning & 
memory deficit

-----------

Massand A et al. Aluminium Choride Induced Neurotoxicity in Experimental Rats - a Review
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Author
Dosage

(mg/kg bw/
day) 

Time 
(days)

Biochemical Study 
Result Cognition Test Result Histological 

Observation (IHC & H&E)

Yin et al, 
202036 100 42

CAT↓; GSH ↓
SOD ↓; MDA↑
Na-K ATPase ↑
LDH↑; NO↑
ACH↑; IL-1β↑
IL -6↑; TNF-α ↑

Eight arm radial maze and  
elevated plus maze showed 
decline memory status

Neurodegeneration in 
hippocampus

Zhao et al, 
202037 100 60

NF-ƙB↑; IL-1β↑
IL-6↑; TNF-α ↑
CAT↓; GSH ↓
SOD ↓; MDA↑
Na-K ATPase ↑
LDH↑; NO↑
AChE↑

Morris water maze, Y-maze, 
elevated plus maze and open 
field test demonstrated reduced 
memory & locomotor activity, 
short term memory loss

Neuronal shrinkage and 
vacuolar spacing around the 
neurons of hippocampus 

Alghamdi 
et al, 201838 40ml/kg/day 45 GSH ↓

MDA↑

Novel object recognition test 
showed impairment of the 
working memory

Neuronal degeneration with 
electron dense cytoplasm 
and dilated rER with 
ribosome depletion

Al-Otaibi 
et al, 201839 7 14

MDA↑; AChE↑
GSH ↓; SOD ↓
GR↓; 
protein carbonyl↓

------------
Abundant small dark 
neurons without nucleus and 
apoptotic neurons

Zghari et al, 
201840

0.125, 0.25, 
0.5, 1 56 -------------

Force Swimming Test, Open Field,  
Morris Water Maze, Elevated 
Plus Maze, Y-maze and Object 
Recognition Test displayed  
enhanced anxiety & depression 
along with cognitive disorders

------------

Thenmozhi 
et al, 201741 100 60 

AChE↑
APP↑
β amyloid↑
β & ϒ secretases↑

Reduced locomotor activity by 
open field test; 
Learning & memory deficit by 
Morris water maze test

Distorted neurons with 
disrupted cell membrane 
both in hippocampus and 
cerebral cortex

Sumathi 
et al, 201542 4.2 28

CAT↓; GSH ↓
SOD↓; GPx ↓
GR↓; Na-K ATPase↓ 
Ca2+ ATPase↓ Mg2+ 
ATPase↓; ALT↑; AST↑; 
MDA↑

--------------

Diffused gliosis along with 
pericellular oedema in 
cerebral cortex;
Disruption in Purkinje cell 
layer of cerebellum

Khan et al, 
201343 10 25

Nitrite↑
AChE↑
Catalase↓
GSH↓
GST↓

Morris water maze test showed 
declined memory ------------

Table 2. reports of neurotoxicity in experimental rats, induced by different dosages of AlCl3 that has been administered by intraperitoneal method.

Abbreviations:
Aβ= amyloid beta-protein
ACHE = Acetylcholinesterase, 
ALT - Alanine Transaminase;
APP-amyloid precursor protein, b amyloid (Ab1–42), b and c secretases
APP=amyloid precursor protein, 
AST - Aspartate Transaminase
BDNF=brain derived neurotrophic factor 
CAT=Catalase; GSH= reduced glutathione;
Cdk5=cycline dependent kinase5
ChAT =choline acetyl transferase
COX-2=cyclooxygenase-2
DOP= Dopamine,  
EEC=electroencephalogram 
GFAP=glial fibrillary acidic protein,
GPx= glutathione peroxidase. 
GR- Glutathione reductase
GST= Glutathione–s-transferase

Iba-1=ionized calcium binding adaptor molecule 1, 
IL-1β=interleukin-1β, 
IL-6= interleukin-6, 
IL-4=interleukins – 4
IL-2=interleukins – 2
iNOS =inducible nitric oxide synthase, 
LDH= lactate dehydrogenase, 
M1 receptor =muscarinic receptor 1, 
MDA= malondialdehyde; 
NFkB=nuclear factor- k beta 
NO= nitric oxide, 
NGF-TrkA =Nerve Growth Factor-Tyrosine kinase A receptor
SOD= superoxide dismutase, 
TAS = Total antioxidant status, 
TNF-α = tumor necrosis factor α.
TBARS= tissue preparation for biochemical estimation reactive substance and 
antioxidants
Trk =tyrosine kinase

Massand A et al.Aluminium Choride Induced Neurotoxicity in Experimental Rats - a Review
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