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 Abstract 

Background: Gallic acid one of well-known natural phenolic compounds with antioxidant 

property that offers neuroprotective functions. Alzheimer’s disease (AD) a neurodegenerative 

disease that results in dementia in elderly peoples. The aim of this study to investigate the 

ameliorative effect of gallic acid on scopolamine-induced memory loss and cognitive impairment. 

Methods: The rats were divided into four groups (n-6): Control group, Gallic acid group, 

Scopolamine group, Scopolamine+gallic acid group. Behavioral testes, including Y-maze, water 

maize, and passive avoidance testes, were conducted a half hour after-scopolamine injection, 

oxidative damage indicators such as SOD, MDA, CAT, GSH were measured. Also, EIISA 

measurements for inflammatory cytokinesIL-1β, TNF-α, IL-6, and AchE enzyme activity was 

performed in cortical tissues. Histological examination of cortical tissues was also performed. 

Results: Gallic acid significantly mitigated scopolamine-induced behavioral changes by 

decreasing entry latency and escape latency in water maize test. It also reduced lipid peroxidation 

(MDA), and cortical inflammatory markers (TNF-α, IL-1β, IL-6,) and decreased AchE enzyme 

activity. Conversely, gallic acid significantly increased the spontaneous alternation%, and step-

through latency in Y- maze and passive avoidance tests. Additionally, gallic acid elevated the 

level of antioxidant defense components (SOD, CAT, GSH).and increased the number of healthy 

neurons in cortical tissues. Conclusions: The finding of our study explored the novel 

neuroprotective effect of gallic acid against scopolamine-induced memory affection through its 

antioxidant, anti-inflammatory effects, and its inhibitory effect on AchE enzyme. 
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 Introduction 

Alzheimer’s disease (AD) a worldwide disease, 

currently affecting over 26 million people. The 

number of individuals living with neurological 

diseases has doubled [1]. AD was considered the 

commonest form of dementia, leading to marked 

depression in cognitive and memory functions. By 

2030, it is projected that 65.7 million individuals 

will complain from dementia expected to rise to 

115.4 million by 2050 [2]. Various risk factors are 

associated with AD development and gradual 

diminishing in the cognitive function. Both 

environmental and genetic factors play a crucial 

role in the onset of AD [3,4]. However, the 

molecular mechanisms underlying the 

development of AD remain unknown. 

Alzheimer’s disease (AD) pathogenesis usually 

associated with different brain changes such as 

anatomical, neurochemical and histocelluar 

changes [5]. These changes lead to a decline in 

neuronal activity, cortical neurons degeneration, 

synaptic disconnections, and impaired memory 

function. The prefrontal cortex and hippocampus, 

which are crucial for memory, are particularly 

affected by these pathological changes [6,7]. 

Oxidative stress is believed to play a crucial role in 

memory loss in AD [8]. Memory, a vital brain 

function, is preceded by learning [9,10]. Memory 

decline is linked to several etiological factors, 

including free radical production, aging, emotional 

variations, reduced cholinergic activity, increased 

oxidative stress, and neuroinflammatory responses. 

These factors contribute to conditions ranging 

from amnesia and dementia to more severe 

disorders like schizophrenia and Alzheimer’s 

disease [11].The cholinergic system is crucial for 

memory and learning. A key pathological feature 

of memory impairment is the loss of cholinergic 

neurons and choline acetyltransferase activity 

decline in the hippocampus and cerebral cortex 

[12]. Scopolamine (Sco), a tropane alkaloid 

medication, disrupts cholinergic transmission by 

competitively antagonizing muscarinic 

acetylcholine receptors. This interference impacts 

short term memory and learning in human and 

mice [13]. Consequently, Sco administration in 

animals is used as an experimental model to study 

cognitive decline and memory loss [14].As a 

muscarinic receptor antagonist, scopolamine 

targets the cholinergic system and affect the 

memory by enhancing oxidative insult[15-18]. 

Brain tissue, particularly the frontal cortex and 

hippocampus, is highly susceptible to oxidative 

stress due to its high oxygen consumption. These 

regions are crucial for cognition and memory, so 

damage here can insult a marked neurological 

effect [19]. The cholinergic pathways significantly 

influence the immune system, with systemic 

inflammatory responses being regulated by the 

anti-inflammatory and cholinergic pathways 

[20,22]. 

Gallic acid is a famous metabolite of plant that 

possesses a strong antioxidant character with a 

trihydroxybenzoic acid structure. Its phenolic 

structure allows several hydrogen atoms to easily 

delocalise free radicals, [23,24] which explains its 

powerful antioxidant effect. This capability 

enables gallic acid to protect organs and tissues 

from oxidative insult [23,25]. It is a common 

constituent in various herbal medicines and foods 

[26], known for increasing antioxidant enzymes 

and reducing inflammation in the brain [27,28]. 

Gallic acid has been shown to lower the risk of 

inflammation-related diseases, including, 
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cardiovascular disease [29,30], cancer [31], 

inflammation [32,33], liver diseases [34,35], and 

neurodegenerative diseases. This study aims to 

explore the neuroprotective effects of gallic acid 

against scopolamine-induced dementia and its 

underlying mechanisms. 

2. Material and Methods  

2.1. Experimental animals 

The study utilized 24 male Wistar rats, each 180 

and 220grams. The rats were housed in groups of 

four per metal cage, with veterinary supervision. 

They were maintained at a 20°C temperature and 

50% humidity, under a 12-hour day/night cycle. 

The rats had unrestricted access standard diet and 

water. 

2.2. Experimental design and specimen 

collection 

After a two-week acclimatization period, the rats 

were divided into four groups of six. Control group 

received 0.9% normal saline orally. Gallic acid 

group: rats of this group was given 20 mg/kg/day 

of gallic acid dissolved in distilled water through 

gastric gavage for two weeks [36]. Scopolamine 

group: rats of this group was received 20 mg/kg of 

scopolamine hydrobromide liquified in saline via 

intraperitoneal injection [37]. The 

Scopolamine+gallic acid group, which was also 

subjected to scopolamine after two weeks intake of 

20 mg/kg/day of gallic acid. 

Passive avoidance, Y-maze and water maze tests 

were conducted 30 minutes after the scopolamine 

injection. After that, the rats were euthanized by 

decapitation, and their brains were removed. Each 

brain was divided at the midline into two cerebral 

hemisphere’s. To prepare brain homogenate one of 

the two hemisphere was homogenised in ice-cold 

mM phosphate buffer, which was utilized to 

estimate levels of lipid peroxidation marker 

(MDA), GSH, SOD, CAT, IL-1β, IL-6, and TNF-

α, in addition to AchE activity. The other 

hemisphere was preserved in 10% formalin for 

histopathological examination. 

2.3. Behavioral assessment 

2.3.1 Y-Maze Test 

The Y-shaped device, constructed from white 

plastic, featured three passages, each measuring 16 

cm in height, 43 cm in length, and 10 cm in width. 

It was designated as regions A, B, and C. Rats 

were located at the beginning of one arm, number 

of arm entries and their sequence were recorded 

over a one minute. The evaluation focused on the 

time of the numbers that the rats entered in the 

three arms (e.g., ABC or ACB), excluding 

repeated entries like ABB or ACC, to assess their 

capability to change them behaviors [38]. The 

examiner recognized the basic conditions for 

evaluating memory abilities and learning, ensuring 

the test method’s rationality, accuracy, and 

reproducibility. 

2.3.2 Water Maze Test 

The water maze test utilized a rectangle tank with 

42 cm in length, 28 cm in width, and 20 cm in 

height. With water at 22 ± 2 °C temperature. A test 

platform was positioned at the end of the pool one 

centimeter above the water. Rats were allowed to 

swim for one minute, and the time taken to reach 

the platform was documented as the escape time 

[39]. 

2.3.3 Passive Avoidance Test 

The passive avoidance test leverages rat’s 

preference for dark sites. The education box is 

classified into a dark area, equipped with an 

electric shock source on the ground, and a light 

area not with electric shock, separated by a 
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guillotine door. When placed in the dark zone and 

subjected to repeated shocks (0.3 mA for 15 

seconds), the rats move to the lighted area across 

the door of the guillotine. Long term memory is 

assessed by recording the step through latency 

time, which is the time the mice take to remember 

the electric shock and stay in the bright area. [40]. 

2.4.  Detection of AchE activity in the cortical 

supernatant 

Following the procedures outlined by Ellman et al. 

[41] and Gorun et al. [42], acetylcholinesterase 

activity in the cortical homogenate was measured 

using a Rat AChE ELISA kit (Cat# E-EL-R0355). 

According to the manufacturer’s instructions. 

2.5. Histological examination 

The coronal sections of the prefrontal cortex (PFC) 

tissue were processed by the use of automated 

tissue processor. The brain tissues were fixed in 

paraffin, and the renal tissue blocks were serially 

sliced at 5 μm by a Leica rotary microtome. These 

sections were then overlapped on glass slides with 

DPX and stained with hematoxylin and eosin 

(H&E) to reveal the tissue histology. 

2.6.  Estimation of oxidative markers in cortical 

homogenates 

Malondialdehyde (MDA), GSH, SOD, and CAT 

levels were measured in cortical homogenates 

using commercial kits bought from Biodiagnostic 

company in Cairo, Egypt. According to the 

manufacturer’s rules. 

2.7. Assessment of IL-6, IL-1β, andTNF-αlevels 

in the cortical tissue homogenates 

The levels of IL-6 (Cat# ERA32RB), IL-1β (Cat# 

ERIL1B), and TNF-α (Cat# KRC3011) were 

measured using rats ELISA kits following the 

protocols of the factory. 

 

2.8. Statistical analysis 

Data of this study were analyzed using GraphPad 

Prism 8.4.3. Statistical significance was 

determined using one-way ANOVA followed by 

Tukey’s test. A p-value of ˂0.05 (*) was 

considered significant. Results were expressed as 

mean ± standard deviation. 

3. Results  

3.1. Effect of gallic acid on scopolamine-induced 

behavioral changes. 

Y-maze test was used to evaluate cognitive 

function. As shown in Figure 1A, scopolamine 

significantly p ≤ 0.05 decreased spontaneous 

alternation percentage compared to control groups, 

on the contrast, oral intake of gallic acid with 

scopolamine significantly p ≤ 0.05 increased the 

spontaneous alternation %. Additionally, water 

maze test to assessed spatial learning and cognitive 

functions, as shown in Figure 1B, C the time of 

entry latency and escape latency per second 

significantly p ≤ 0.05 increased in the scopolamine 

group when compared to control groups. 

Controversy, in the Scopolamine +gallic acid 

group, there was a significant p ≤ 0.05 decrease in 

entry latency and escape latency times compared 

to scopolamine group. Furthermore, the 

examination of long term by passive avoidance 

test, discussed in Figure 1D, showed that the 

scopolamine group had a significant p ≤ 0.05 

decrease in step-through latency time compared to 

control rats. Fortunately, coadministration with 

gallic acid significantly p ≤ 0.05 increased the time 

of step-through latency in comparison to 

scopolamine group. From all of the above 

behavioral teste’s results, we can conclude that 

gallic acid administration prevents scopolamine-

induced amnestic and cognitive changes. 
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Fig. 1. Effect of scopolamine and gallic acid on behavioral testes (A) Y-maze test, (B) Water maze test, (C) Water maze 

test, (D) passive avoidance test. a indicates difference between Scop and control groups; b indicates difference between 

Scop+gallic acid and Scop groups. (p ≤ 0.05). 

3.2. Impact of gallic acid on scopolamine-

induced cortical oxidative stress.  

As shown in Figure 2, the scopolamine group 

showed a significant p ≤ 0.05 decrease in the 

activity of CAT, SOD, GSH, CAT, and an increase 

in MDA compared to control groups. However, 

cotreatment with gallic acid significantly p ≤ 0.05 

depressed the MDA level, and increased SOD, 

GSH, CAT levels in comparison to scopolamine 

group. Meanwhile, there is no significancy 

between control and gallic acid group. From all of 

the above data, it can be concluded that gallic acid 

exhibits strong antioxidant power against 

scopolamine-induced oxidative stress.  

 
Fig. 2. Impact of scopolamine and gallic acid on oxidative stress markers in cortical tissues (A) MDA, (B) SOD, (C) 

GSH, (D) CAT. a Scop vs control groups; b Scop+gallic acid vs Scop groups. (p ≤ 0.05). 
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3.3. The effect of scopolamine and gallic acid on 

inflammatory cytokines and acetylcholine 

esterase activity in cortical tissues 

As shown in Figure 3, intraperitoneal injection of 

scopolamine significantly p ≤ 0.05 increased the 

level of inflammatory mediators TNF-α, IL-1β, IL-

6, and AchE activity compared to control animals. 

One the opposite direction, oral intake of gallic 

acid with scopolamine in the fourth group 

significantly p ≤ 0.05 decreased the level of TNF-

α, IL-1β, IL-6, and AchE levels compared to 

scopolamine group. Together, these results 

indicate that gallic acid produces anti-

inflammatory action against scopolamine-induced 

cortical inflammation and decreases the 

upregulatory effect of scopolamine on the 

acetylcholinesterase activity.  

 

Fig. 3. Impact of scopolamine and gallic acid on proinflammatory cytokines(A) TNF-α, (B) IL-1β, (C) IL-6, and 

acetylcholine esterase (D) AChE in cortical tissues. a Scop significant to control groups; b Scop+gallic acid significant 

Scop groups. (p ≤ 0.05). 

 

3.4. Histological examination of cortical tissue 

in different experimental groups. 

H&E examination of cortical tissues from the 

control and gallic acid groups showed a normal 

picture of neurons and surrounding blood vessels 

(Fig. 4A-D), in contrast, the group of scopolamine 

showed a feature of cortical degeneration 

including a decrease in the number of neuronal 

cells, perineural oedema and neurophagia [Fig. 

4E,F]. However, cortical sections from 

Scopolamine+gallic acid group showed a clear 

improvement in the cortical tissue, with an 

increase in the number of neurocytes and a 

decrease in the previous observed changes [Fig. 

4G,H].     
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Fig. 4: H&E cortical sections showing normal neurons and blood vessels in control and gallic acid groups (A-D). 
Cerebral cortical sections from scop group showing decreased neuronal numbers, marked perineural edema (arrowheads) 

and neurophagia (black arrows) (E,F). Cerebral cortical sections from Scop+gallic acid group showing increased 

neuronal numbers (black arrow) and markedly decreased perineural edema (arrowheads) and neurophagia (black arrows) 

(G,H). Magnifications X: 100 bar 100 and 400 bar 50. 

 

Discussion  

The main findings of our study is to explore the 

neuroprotective effect of gallic acid against 

scopolamine-induced amnestic changes. These 

changes were evidenced by a decrease in 

spontaneous alternation percentage in Y-maze test, 

entry and escape latency in water maze test, and 

increase in the time of step-through latency in 

passive avoidance test. The antiamnestic effect of 

gallic acid is attributed to its upregulation to 

antioxidant enzymes production, reduction in lipid 

peroxidation and inflammatory markers, and 

activity of acetylcholine esterase enzyme.  
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Alzheimer’s disease is a well-known 

neurodegenerative disorder manifested by reduced 

cognitive functions, memory loss, and altered 

behavior [43]. It is also considered the principal 

cause of dementia in elderly individuals [44].  

In this study, we have performed three behavioral 

tests to examine learning, short- and long-term 

memory, and training memory process which 

affected by Alzheimer’s disease. All these 

behavioral testes were impacted by the 

administration of scopolamine, which resulted in a 

significant decline in spontaneous alternation % 

and step through time, and an increase in entry and 

escape latency in relation to control group. This 

findings in are consistent with the previous works 

done by Park et al. [45], and Hafez et al. [46], and 

Choi et al. [47], who documented the affection of 

learning and memory by scopolamine injection. 

Additionally, the decline in cognitive function was 

supported by histopathological changes in 

prefrontal cortex, evidenced by neuronal 

degeneration and a decrease in neuronal number.  

However, our study found that gallic acid intake 

alongside scopolamine improves spatial learning 

and memory function in behavioral tests, 

evidenced by histological clearance, showing a 

decrease in damaged neurons and an increase in 

healthy ones. This data concurrent with the 

previous study by Jafaripour et al. [48]. Which 

documented the protective effect of gallic acid on 

cognitive function and anxiety-like behaviors in 

induced hepatic encephalopathy via bile duct 

ligation. Also, Meftahi and Aboutaleb, [49] 

reported the ameliorative effect of gallic acid on 

stress-enhanced impairment in spatial learning and 

memory, and anxiety like behavior, as evaluated 

by (MWM) and Elevated-plus maze tests. They 

also noted a reduction in neuronal loss in the 

prefrontal cortex and hippocampus.  

One of the important mechanisms involved in the 

pathogenesis of Alzheimer’s diseases is the 

oxidative stress [50]. MAD is a famous indicator 

for membranous lipid peroxidation [51]. 

Meanwhile, SOD, GSH, and CAT are considered 

the intrinsic enzymatic and non-enzymatic 

antioxidant system responsible for scavenging free 

radicals resulting from oxidative stress [52] 

In this study, scopolamine injection exhibited a 

strong oxidative stress response, characterized by 

elevated MDA levels and a significant decrease in 

MDA, SOD, GSH levels. This data parallel to the 

study by Hosseini et al. [53], and Samir et al. [54]. 

Which documented sever oxidative stress in 

scopolamine-induced dementia. in contrast, gallic 

acid administration elevated antioxidant enzymes 

and decreased MDA levels, in consistency with the 

previous work done by Mansouri et al, [55], who 

reported that gallic acid combats streptozotocin-

induced memory deficit by increasing the activity 

of SOD, CAT, GPx in cortical and hippocampal 

tissues. 

The central cholinergic system is a principal 

pathway involved in cognitive function and 

memory. The fist pathological event in 

Alzheimer’s disease is the decline in the 

cholinergic activity [56]. Damage to cholinergic 

neurons resulted in change in acetylcholine 

synthesis, which deteriorates memory function 

[46]. This finding aligns with results of Palle and 

Neerati, [57], who showed that scopolamine 

intraperitoneal injection significantly increased the 

activity of AchE enzyme in cortical tissues, 

leading to defect in cholinergic neurons, and 

neurochemical degeneration.  
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Neuroinflammation is another mechanism was 

involved in Alzheimer’s disease pathology [58] 

Proinflammatory mediators TNF-α, IL1, and IL4 

has been associated with the progression of 

Alzheimer’s disease. The results of our work 

showed a marked increase in inflammatory 

markers TNF-α, IL-1β, IL-6 in the scopolamine 

group, consistent with previous findings [59]. On 

the controversy, coadministration of gallic acid 

significantly reduced the release in inflammatory 

mediators. This is supported by the work of Wen 

et al, [60], which reported that gallic acid 

markedly decreased inflammatory cytokines in a 

rat model of depression and visceral pain. 

The antioxidant, ant-inflammatory properties of 

gallic acid, along with its inhibitory effect on 

AchE enzyme activity, explain its ameliorative 

effect on the histological structure of the brain 

tissue, thereby improving the behavioral changes 

induced in scopolamine treated rats. 

Conclusions  

The results of our work confirmed that 

scopolamine induced cognitive impairment and 

amnesia in an experimental rat model, which was 

ameliorated by gallic acid. This neuroprotective 

function of gallic acid is regarded to its antioxidant 

and anti-inflammatory abilities, as well as its 

ability to improve cholinergic neurons by 

inhibiting AchE enzyme activity. Based on these 

results, we propose that gallic acid could be 

considered for clinical use against scopolamine-

induced Alzheimer’s disease. 

List of abbreviations 

AD Alzheimer’s disease 

AchE acetylcholine esterase 

Sco Scopolamine  

MDA Malonaldehyde 

SOD  Superoxide dismutase 

CAT  Catalase 

GSH  Reduced glutathione 

 IL-1β  Interleukin-1 beta 

TNF-α  Tumor necrosis factor-alpha 

 IL-6 Interleukin-6 
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