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Abstract.
The decline in estrogen at menopause leads to a loss of neuroprotective function.
One of the effects is Alzheimer’s disease (AD), with clinical manifestations of dementia,
decreased memory function, language, thinking, and learning. The pathology of AD is
widely studied but not completely understood. Various animal models have been used
but have not been able to represent the pathology of AD fully. This study aimed to
determine the effect of oral and intraperitoneal induction of aluminium chloride (AlCl3)
on the memory function of menopausal model white rats (Rattus norvegicus strain
wistar). This study used 16 female rats, divided into four groups, namely the negative
control group (K1), the ovariectomy group (OVX, K2), and the OVX + AlCl.6H20 group
100 mg/kg BW orally (K3), and the OVX + AlCl3.6H20 group. 70 mg/kg body weight
intraperitoneally. AlCl3.6H20 induction was given for six weeks. In the last five days,
the Morris water maze test was carried out. From the MANOVA test, the p-value of F
values in Pillai’s trace, Wilks‘ Lambda, Hotelling’a Trace, and Roy’s Largest Root were
< 0.05. Based on the post hoc Bonferroni test on the fifth day of the trial, there was a
significant difference between the standard and OVX groups with the AlCl3 induction
group, and there was no significant difference between the oral and intraperitoneal
induction groups. Conclusion: There is no significant effect of oral and intraperitoneal
induction of Aluminum Chloride (AlCl3) on the memory function of white rats (Rattus
norvegicus strain wistar) menopausal model.
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1. INTRODUCTION

Alzheimer’s disease (AD) is a neurodegenerative disease with clinical features of
decreased memory and cognitive or dementia accompanied by reduced function
of memory, thinking, language, and learning capacity. (1,2) The etiology of AD is not
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known with certainty and the main risk factor is age. The majority of patients found a
combination of genetic and environmental factors. (3)

Women who experience menopause will cause a loss of estrogen function, one of
which is neuroprotective. (4–6) Several hypotheses state that the etiology of AD is metal
intoxication (one of which is aluminum), impaired immunity, air pollution, infection by
viruses, neurotransmitter disorders, trauma, and hereditary predisposition. (7) Aluminum
has been known as a neurotoxin (8){Bibliography} that causes inhibition of long-term
potentiation (LTP), triggers an inflammatory response, affects the speed of transport in
axons, and causes abnormal synaptic structure, resulting in memory loss. (3)

Several studies were conducted by giving AlCl3 (aluminum chloride) in various doses
to male rats via oral and intraperitoneal routes, which influence memory function. (9–11)
While Andriana et al. (2021) reported no difference in memory function in ovariectomized
rats given oral AlCl3. This study was conducted to compare the memory function of
ovariectomized rats (menopausal model) given oral and intraperitoneal AlCl3.

2. MATERIALS AND METHODS

This research is a True Experimental study with the post-test only control group design
experiment, conducted in the Pharmacology laboratory of the Faculty of the Medicine
University of Muhammadiyah Malang for 6 (six months). The samples were female rats
(Rattus norvegicus strain wistar) aged eight to tenmonths, with bodyweight ranging from
185-200 grams and in good health, indicated by their active movements. Experimental
animals were placed in individual cages. They were provided with drinking water ad
libitum and standard feed. The cages were placed at room temperature, adjusted
humidity, and regular circulation with light and dark periods of 12 hours each. At the initial
stage, one week of adaptation was carried out on the sample. Then an ovariectomy
was performed using the modified Ingle DJ and Griffith JQ, 1971 method, and a second
adaptation was carried out for two weeks to obtain hypoestrogenic conditions. A total
of 16 samples were divided into four groups (12) namely 1 negative control group (K1),
ovariectomy group (OVX, K2), OVX+AlCl3.6H20 100 mg/kg body weight orally (K3) and
OVX +AlCl3.6H20 70 mg/kg BW intraperitoneal (K4). AlCl3.6H20 induction was given
for six weeks. The Morris water maze test was performed on days 38-42 of induction.

The research was conducted after obtaining approval from the Health Research
Ethics Committee University of Muhammadiyah Malang with the reference number
E.5.a/145/KEPK-UMM/VIII/2019.
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3. RESULTS

In this study, there were improvements in memory tests in all groups.

Table 1: Morris Water Maze (MWM) test results.

Group Average Time Required (seconds) p value

Observation on days

𝑋̄ ± SD 𝑋̄ ± SD 𝑋̄ ± SD 𝑋̄ ± SD 𝑋̄ ± SD

K1 107.90 ± 14.92 82.06 ± 12.24 79.17 ± 9.62 53.87 ± 9.79 33.81 ± 4.65 0.000 -
0.002

K2 115.25 ± 11.93 105.00 ± 9.42 72.12 ± 16,20 47.46 ± 12,89 32.23 ± 10.99

K3 121.35 ± 13,90 114,12 ± 14.21 100,96 ± 23.47 72.08 ± 39.84 60.36 ± 16.04

K4 138.75 ± 17.77 115.85 ± 14.00 91.42 ± 0.66 82.25 ± 11.66 80.56 ± 12.58

Description : K1 : negative controle, K2 : OVX; K3 : OVX+AlCl3.6H20 100 mg/kg BW peroral;
K4 : OVX+AlCl3.6H20 70 mg/kg BW intraperitoneal. P-value : Pillai‘s trace : 0.002, Wilks‘
Lambda : 0.001, Hotelling‘a Trace : 0.001 dan Roy‘s Largest Root : 0.000
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Figure 1: Morris Water Maze (MWM) test results.

Based on the MANOVA test, each p-value of the F value in Pillai‘s trace: 0.002, Wilks‘
Lambda: 0.001, Hotelling‘a Trace: 0.001, and Roy‘s Largest Root: 0.000. This shows that
there was a significant difference in the results of the memory test due to the treatment
of the sample. Based on the post hoc Bonferroni test, there was a significant difference
between the negative control and OVX with the AlCl3 induction group, and there was
no significant difference between the oral and intraperitoneal AlCl3 induction.

4. DISCUSSION

Various experimental animal models from primate and non-primate groups were used
in the study. However, they are still not satisfied because they have not been able
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to display the overall changes in AD pathology. (13) Most AD cases are sporadic
(sAD), and the underlying cause of these cases is still unknown. Neuropathologically,
AD is characterized by the accumulation of amyloid plaques (Ab) and NFT, extensive
synaptic loss, inflammation, oxidative stress, and neuronal degeneration. It is clinically
and neuropathologically indistinguishable between familial AD and the sporadic, young-
onset form of familial AD. (14)

More than 150 clinical trials failed to improve cognitive decline and AD pathology.
This is due to an over-reliance on inadequate animal models and partly because the
drugs are targeted at treating only the symptoms and not the underlying cause.(15)

The etiology of AD is unknown, using experimental animal models utilizing genetic
mutations associated with familial AD (FAD). This genetic model is advantageous in
determining disease progression’s molecular mechanisms and testing potential thera-
pies. Although no single mousemodel recapitulates all aspects of the disease spectrum,
each model allows for an in-depth analysis of one or two disease components. (14)

In another study, Wistar rats were used, which had a life span of 24 months. Using
the polynomial model, mice less than six months old are identical to humans less than
20 years old. The middle age of mice is 12-18 months, similar to that of humans under
40 years old. Rats over 24 months old are equivalent to humans over 60 years old.
Cognitive and neurobiological changes have been observed in middle-aged mice and
become more pronounced with age. These processes occur in elderly humans. The use
of non-transgenic mice has limitations because AD has no pathological features such
as AB and NFT. (13) On the other hand, the use of transgenic mice shows more familial
AD than sporadic AD, even though more than 95% of AD features are sporadic or late
onset. (16)

Ali et al. (2016) conducted a study on 80 male Sprague Dawley rats given aluminum
chloride – hydrated (AlCl3.6H20) via intraperitoneal (i.p) injection for six weeks with
doses of 50, 70, and 100mg/kg body weight. This study obtained a decrease in learning
ability and memory. (9)

Rather et al. (2018) conducted a study on male white Wistar rats weighing 200-225 g
which were induced with AlCl3 100 mg/kg BW orally for six weeks. The results showed
increased Al levels and AChE activity, decreased memory and learning ability (with
the MWZ test and passive avoidance test), increased expression of APP, Aβ 1-42, beta
and gamma-secretase, glial fibrillary acidic protein, ionized calcium-binding adapter
molecule 1, IL-1β, IL-6, IL-4, IL-2, TNF, iNOS, NF- and COX-2 in the hippocampus and
cerebral cortex.(3)
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5. CONCLUSION

There was a significant difference in the memory test results due to the sample’s treat-
ment. There was no difference in the effect of oral and intraperitoneal aluminum chloride
(AlCl3) induction on memory function of menopausal model rats (Rattus norvegicus
strain wistar).

ACKNOWLEDGMENTS

This study would not have been possible without the support of Faculty of Medicine,
University of Muhammadiyah Malang.

References

[1] Murray MT. Alzheimer’s Disease [Internet]. Fourth Edition. Textbook of Natural
Medicine. Elsevier; 1189–1199 p. Available from: https://doi.org/10.1016/B978-1-4377-
2333-5.00144-9.

[2] Kumar A, Singh A, Ekavali. A review on Alzheimer’s disease pathophysiology and its
management: an update [Internet]. Pharmacol Rep. 2015 Apr;67(2):195–203.

[3] Rather MA, Thenmozhi AJ, Manivasagam T, Bharathi MD, Essa MM, Guillemin GJ.
Neuroprotective role of asiatic acid in aluminium chloride induced rat model of
Alzheimer’s disease. Front Biosci - Sch. 2018;10(2):262–75.

[4] Saldanha CJ, Duncan KA, Walters BJ. Neuroprotective actions of brain aromatase
[Internet]. Front Neuroendocrinol. 2009 Jul;30(2):106–18.

[5] Pompili A, Arnone B, Gasbarri A. Estrogens and memory in physiological
and neuropathological conditions [Internet]. Psychoneuroendocrinology. 2012
Sep;37(9):1379–96.

[6] Pines A. Alzheimer’s disease, menopause and the impact of the estrogenic
environment. Climacteric. 2016 Oct;19(5):430–2.

[7] Huat TJ, Camats-Perna J, Newcombe EA, Valmas N, Kitazawa M, Medeiros R. Metal
Toxicity Links to Alzheimer’s Disease and Neuroinflammation [Internet]. J Mol Biol.
2019 Apr;431(9):1843–68.

[8] Exley C, MoldMJ. Aluminium in human brain tissue: howmuch is toomuch? [Internet].
Eur J Biochem. 2019 Dec;24(8):1279–82.

DOI 10.18502/kme.v3i2.13051 Page 193



 

KnE Medicine

ICMEDH

[9] Ali AA, Ahmed HI, Abu-Elfotuh K. Modeling Stages Mimic Alzheimer’s Disease
Induced byDifferent Doses of Aluminum in Rats: Focus on Progression of theDisease
in Response to Time [Internet]. Available from: www.scientonline.org

[10] Amber S, Ali Shah S, Ahmed T, Zahid S. Syzygium aromaticum ethanol extract
reduces AlCl3-induced neurotoxicity in mice brain through regulation of amyloid
precursor protein and oxidative stress gene expression. Asian Pac J Trop Med. 2018
Feb;11(2):123–30.

[11] Ahmad Rather M, Justin-Thenmozhi A, Manivasagam T, Saravanababu C, Guillemin
GJ, Essa MM. Asiatic Acid Attenuated Aluminum Chloride-Induced Tau Pathology,
Oxidative Stress and Apoptosis Via AKT/GSK-3ß Signaling Pathway in Wistar Rats.
Neurotox Res. 2019 May;35(4):955–68.

[12] Arifin WN, Zahiruddin WM. Sample size calculation in animal studies using resource
equation approach. Malays J Med Sci. 2017 Oct;24(5):101–5.

[13] Braidy N, Poljak A, Jayasena T, Mansour H, Inestrosa NC, Sachdev PS. Accelerating
Alzheimer’s research through “natural” animal models. Current Opinion in Psychiatry.
Lippincott Williams and Wilkins; 2015. p. 155–64.

[14] Green FML and KN. Animal models of Alzheimer. Nat Rev Neurosci. 2008;12(7):1123–
544.

[15] Franco R, Cedazo-Minguez A. Successful therapies for Alzheimer’s disease: why so
many in animal models and none in humans? Front Pharmacol. 2014 Jun;5( June):146.

[16] KitazawaM,Medeiros R, Laferla FM. Transgenicmousemodels of Alzheimer disease:
developing a better model as a tool for therapeutic interventions. Curr Pharm Des.
2012;18(8):1131–47.

DOI 10.18502/kme.v3i2.13051 Page 194


	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGMENTS
	References

