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Effect on Learning and Memory Process in Sub Acute Noise-Stressed Wistar Albino
Rats related to Eugenol

ABSTRACT

Introduction: Eugenol (4-allyl-2-methoxyphenol), the principal chemical constituent
of clove oil and tulsi has been primarily derived from a variety of plant sources,
including Eugenia caryophyllus, Oscimum sanctum Linn and Myristica fragran.
Eugenol is a substance that either improves or disrupts the learning and memory processes
in animals, a recent trend that has generated considerable interest. Aim and Objectives-
Eugenol was chosen for this study to determine its effect on learning and memory in
Wistar albino rodents with noise-induced memory loss. Materials and Methods:Using
Wistar strain male albino rats, researchers investigated the impact of Eugenol on Learning
and Memory when exposed to Noise Stress Results: Compared to the control group, rats
treated with Eugenol displayed a greater proportion of accurate responses and a shorter
time to attain the goal. Compared to the noise stress-treated group, the Eugenol noise
stress-treated group demonstrated an increase in correct responses and a decrease in the
time required to attain the goal. This demonstrates that Eugenol exacerbates the memory
loss caused by stress in Wistar albino rodents. Even after drug withdrawal, the test
rodents demonstrated improved performance. Conclusion; This study demonstrates that
Eugenol has excellent retention performance. Eugenol was discovered to have antioxidant
activity. The current study revealed that Eugenol improves memory in the T-Maze test.
Eugenol possesses antioxidant properties and decreased brain acetylcholinesterase enzyme
levels, resulting in increased acetylcholine concentration in the brain and enhanced
memory in rats exposed to noise stress.

Keywords: Eugenol, Neurogenesis, Memory, Sub Acute Noise-Stressed, Learning,.

INTRODUCTION

The brain responsible for the basis for thought, emotion, desire, perception, learning, and
memory.l Memory is the fundamental mental process, and without it, we are limited to
basic reflexes and ingrained behaviors. Learning is the process of acquiring new
information, whereas Memory is the process of retaining that knowledge. Three necessary
stages in the learning and memory process are encoding, storage, and retrieval.2
Numerous animal species may learn as a consequence of habituation or classical

conditioning. Classical conditioning is a robust and effective method for investigating the
fundamental learning and memory of animals. A person's spatial memory is necessary for
navigating a familiar city, just as a rat's spatial memory is necessary for learning the
location of food at the conclusion of a maze.
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Hippocampus has a major role in learning and responsible for spatial memory regulation.
Animals are able to construct a spatial map of their environment through the use of
reference and working memory. It also regulates long-term and short-term memory as
well as spatial navigation, both of which are necessary for the rodent to successfully

navigate the maze.3

Stress 1s a term used to characterize emotionally and physiologically demanding
situations. Noise stress increases acetylcholinesterase activity and decreases the number of
dendrites in the hippocampus and medial prefrontal cortex. High frequency noise may
result in neurologic, vascular, immune, and cardiac disorders. 3 It is widely acknowledged
that stress can cause brain damage, particularly in the hippocampal formation, but the
mechanisms that lead to this damage are poorly understood. 4 As a result of irritation and
stress, noise may also cause health disorders, such as oxidative stress, which is a result of
noise exposure over time. Stress entails two-way neural and endocrine communication

between the brain and cardiovascular, immune, and other systems.

The brain is a target of stress, and the hippocampus was the first brain region to be
identified as a target of glucocorticoids, besides the hypothalamus. Certain brain regions
can undergo acute and chronic alterations due to stress, which can result in long-term
damage. Memory is typically negatively impacted by excessive stress hormone secretion.

The limbic system is the primary region of the brain concerned with stress.

Eugenol is a substance that either improves or disrupts the learning and memory processes
in animals, a recent trend that has generated considerable interest. Clove (Syzygium
aromaticum) is a well-known spice with a distinctive aroma; it contains a high
concentration of oil known as clove oil. Eugenol is the primary phytoconstituent of clove
oil. Eugenol is reported to be an anti-stress agent. 5 Clove is the desiccated flower bud of
the Syzygium aromaticum (Myrtaceae) plant. It is made up of volatile oil (14%-21%),
tannin (10%-13%), phenol, sesquiterpene ester, and alcohol. In indigenous medicine,

clove and its oil are utilized for their antiseptic, anti-oxidant, analgesic, and
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neuroprotective properties. Thus, it attracts a great deal of interest from researchers in the

pharmaceutical, food, and cosmetic industries.

Clove has multiple therapeutic properties, including aphrodisiac, stomachic, carminative,
nervous stimulant, and tonic, according to its traditional use. Numerous scientific studies
have demonstrated its aphrodisiac, antibacterial, antifungal, nematocidal, anti-toothache,
anti-oxidant, analgesic, anesthetic, and hypotensive properties.6 Although several
formulations containing Clove have been used as a nervous stimulant and cognitive
enhancer in traditional Iranian medicine, Clove's pharmacological effect on cognitive
functions has not been evaluated in detail. 7 Eugenol is a phenylpropene, a guaiacol with
an allyl chain substitution. Eugenol is a member of the class of chemical compounds
known as phenylpropanoids. It is a colorless to pale yellow oily liquid derived from

essential oils, particularly clove oil. It is present at 80-90% concentrations in clove bud

01l.8

It can be utilized to reduce Listeria monocytogenes and Lactobacillus sakei in food. They
are also used in the production of plastics and rubber stabilizers and antioxidants. The use
of clove oil as an anesthetic on aquarium fish and on wild fish for research and

management purposes is rising in popularity.
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Clove oil

In the past, however, cloves, the desiccated flower buds of the tropical tree Syzygium
aromaticum, were utilized more for food preservation than for flavoring. The 80 to 95
percent of clove oil is eugenol, which is primarily responsible for cloves' ability to prevent

food from spoiling. According to research, it also has health benefits for the human body.

Dentists frequently use oil of cloves or eugenol because it is antiseptic and anti-
inflammatory. It is frequently applied to the gums to eliminate bacteria and alleviate the
discomfort of dental procedures such as tooth extractions, fillings, and root canals. In
addition, clove oil, cinnamon oil, basil oil, and nutmeg oil, all of which contain eugenol,
are prevalent ingredients in mouthwashes, toothpastes, soaps, insect repellents, perfumes,

foods, and various veterinary medications.

In one study, rodents were exposed with carbon tetrachloride, which causes severe
oxidative damage to tissues. According to the researchers, rats given eugenol along with
carbon tetrachloride were strongly protected from its toxic effects. Internal use of eugenol
requires professional supervision. Use of fresh or dried herbs and spices containing
eugenol in moderation is a safer method of ingesting eugenol, and even small quantities

can provide significant antioxidant benefits.
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Using Wistar strain Male albino rats, researchers investigated the impact of Eugenol on

Learning and Memory when exposed to Noise Stress. Eugenol was chosen for this study

with aim ,to determine its effect on learning and memory in Wistar albino rodents with

noise-induced memory loss.All test subjects were fit and weighed between 140 and 180

gms. The animals were raised in the Animal House of the Institute, University of Madras,

Taramani, Chennai, India, and all rats were acclimated to the standard conditions and

constant ambient temperature with a 12-hour dark photo period. The rats were provided

with food (Rat feed, Hindustan Lever Ltd.)

The animals were separated into four groups of three each.

Groups | Description Experimental design
1. Control 1£1his group 1s used to study the base line value of
the
parameter.
2. Sub Acute Noise Stress | This group has received Sub Acute Noise Stress
alone
Only
for 15 days.
3. Drug Treated This group has treated with Eugenol for 15 days.
4, Sub Acute Noise Stress | This group has received Sub Acute noise stress for
and Drug Treated
days and Treated orally with Eugenol for 15 days.

NOISE STRESS PROCEDURE:

A loudspeaker (15W), installed 30 cm above the cage and powered by a white noise

generator emitting all frequencies between 0 and 20 kHz, produced the noise. A precise

sound level meter was used to calibrate the intensity of the sound in the cage to 100db.

During the investigation, the noise level peaked at 100 dB as soon as the generator was

turned on and persisted for four hours per day.
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ROUTE AND DOSAGE OF EUGENOL

The animals in GROUP III and GROUP IV were administered 200 mg/kg of eugenol.
For 15 days, eugenol was dissolved in 1 ml of olive oil and administered

intraperitoneally.

SPATIAL MEMORY TESTING - (T- Maze)

A T-maze is a rudimentary maze used in animal cognition experiments in the field of
behavioral science. It is shaped like the letter T, allowing the rodent to make a simple
decision. Using various stimuli, T-mazes are used to examine the memory and spatial
learning abilities of rodents. Beginning in the early 20th century, investigations such as
the T-Maze utilized rodents. These concepts of T-mazes are used to evaluate the behavior
of rodents. The various tasks, such as left-right discrimination and forced alternation, are
primarily used to assess the reference and working memories of rodents.

The rat's spatial memory is responsible for storing information regarding its environment
and spatial orientation. This spatial memory enables the rat to navigate the numerous
mazes and obstacles presented by the researchers.

This enables the rat to repeatedly navigate the same maze while remembering the correct
and incorrect routes. In the T-maze, this is reduced to a single left or right turn, but in
more complex mazes, the rat must remember a succession of turns in order to reach its
reward. A poor spatial memory can cause a rat to continually get lost in the maze,
regardless of how well it has performed in the past.

Spontaneous alternation in rats and mice refers to the rodents' innate tendency to choose
alternate arms in a Y- or T-maze. Diverse mechanisms have been ascribed to the operation
of spontaneous alternation behavior, but regardless of this ethological function, it is
evident that the animal must recall which arm it entered on a previous occasion in order to
alternate its choice on a subsequent trial.

Consequently, behavioral pharmacologists have embraced spontaneous alternation as a
quick and relatively straightforward measure of spatial working memory, devoid of fear,
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DATA ANALYSIS

The results were reported as the mean plus the standard error of the mean (SEM). One-
way analyses of variance (ANOV As) were applied to the data. When a statistically
significant difference was discovered, the Student-Newman-Keuls post-hoc test was

performed. A difference was deemed significant in all analyses when p <0.05.

RESULT

The rats treated with noise stress, Eugenol, and both stress and Eugenol remained healthy
throughout the duration of the experiment, and none of the groups exhibited any
discernible behavioural alterations.

On day 1, all four groups, i.e., control, noise stress-treated, Eugenol-treated, and both
noise stress and Eugenol-treated rats, spontaneously alternated at an average rate in
successive trials (tablel, 2) as (control, 37%; noise stress-treated, 47%; Eugenol-treated,
50%; Eugenol+ noise treated, 47%).(figurel-5).

On day 8, control, noise stress-treated, and both noise stress-treated and Eugenol-treated
rats spontaneously alternated at a moderate rate and did not demonstrate significant
improvement, whereas Eugenol-treated rats demonstrated a slight improvement (normal,
43%; noise stressed, 43%; Eugenol-treated,60%; Eugenol+ noise-treated, 47%).

On day 15, control groups demonstrated a slight improvement,(53%), noise stress treated
groups demonstrated a decrease in spontaneous alternation,(33%), Eugenol treated groups
demonstrated a significantly increased rate of spontaneous alternation,(66%), and Eugenol
+ noise treated groups demonstrated a slight improvement,(56%). On day 22, the control
and Eugenol+noise treated groups exhibited an increase in spontaneous alternation
(control, 73%; Eugenol+noise treated, 70%), whereas the untreated group exhibited a
decrease. Noise stress-treated groups exhibited a low rate of spontaneous alternation
(26%), whereas Eugenol-treated groups demonstrated a high rate of spontaneous

alternation (80%).(Figure 6-10)
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Figure 1:
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Figure 3:

PERCENTAGE OF CORRECT ENTRY IN
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Figure 5:

PERCENTAGE OF CORRECT ENTRY IN BAIED
ARM ON DAY 15
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Figure 7:

PERCENTAGE OF CORRECT ENTRY IN BAITED ARM
ON DAY22
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Figure 8:

AVERAGE TIME TAKEN TO ENTER THE
BAITED ARM ON DAY 22
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Effect of Eugenol on Correct Entry in T maze:

The data is summarised with Mean SD in figure 9. Animals exposed to noise stress
exhibited no significant change on days 1 and 8, but on days 15 and 22, significant
changes were observed when compared to the control group. Compared to the control
group, the stress-treated group, and the stress-plus-Eugenol-treated group, animals
treated with Eugenol exhibited no significant change on day 1, but significant changes
on days 8, 15, and 22. On day one, animals treated with both stress and Eugenol did not
differ significantly from the other three groups, but on days eight, fifteen, and twenty-
two, they differed significantly from the Eugenol-treated group, the noise-treated group,

and the Eugenol-treated group.
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Effect of Eugenol on Latency period in T maze

The data is summarized with Mean SD in figure 9. Animals exposed to noise stress
exhibited no significant change on days 1 and 8, but on days 15 and 22, significant
changes were observed when compared to the control group. Compared to the control
group, the stress-treated group, and the stress-plus-Eugenol-treated group, animals
treated with Eugenol exhibited no significant change on day 1, but significant changes
on days 8, 15, and 22. On day one, animals treated with both stress and Eugenol did not
differ significantly from the other three groups, but on days eight, fifteen, and twenty-
two, they differed significantly from the Eugenol-treated group, the noise-treated group,

https://doi.org/10.5281/Zeno0d0.15716125

and the Eugenol-treated group.

Table 1: Spontaneous alternation in T Maze

ISSN No0:1001-2400

PERCENTAGE OF CORRECT ENTRY
S.No | GROUPS
DAY! |DAYS DAY 15 DAY22
1 | CONTROL |37+2.98 | 43+2.98 53+2.98 7342.98
2 |STRESS 474394 | 43+3.94 3343.94 26+3.94
3 | DRUG 50£3.94 | 60+3.94 66+3.94 80-3.94
TREATED
4 | STRESS+
DRUG 4743.65 47+3.65 563.65 70+3.65
TEATED
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Figure 9:
Percentage of correct entry in baited arm
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Table 2: Total Time taken to enter the Baited Arm

https://doi.org/10.5281/Zenodo.15716125
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TOTAL TIME TAKEN
S.No | GROUPS
DAY 1 DAY 8 DAY 15 DAY 22
1 | CONTROL 40+£1.07 35+1.07 28+1.07 17+1.07
2 | STRESS 50+1.85 51+1.85 56+1.85 60+1.85
3 DRUG 27+1.19 24+1.19 16+1.19 16+1.19
TREATED
4 | STRESS+ 37+1.23 35+1.23 28+1.23 23+1.23
DRUG
TREATED
Figure 10:
Latency
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DISCUSSION
Working memory is a cognitive function that maintains a small quantity of information in

an active state for a brief period of time. 10 Environmental noise affects health and well-
being by interfering with fundamental activities such as sleep, rest, communication,
concentration, and cognition; it can also result in a general sense of annoyance. 11-14 .
Noise is an environmental stressor that influences behavioral, psychological, and
physiological processes. 11,15 Spontaneous Alternation Behavior (SAB), which employs
the classic "T" Maze, is an extremely essential type of place recognition task. 16

Stress is a potent modulator of cognitive function in general and learning and memory
processes in particular. 17 ,18 Numerous mental disorders can be precipitated by life's
stresses. The contemporary way of life causes numerous stressful conditions.
Additionally, their prevalence is rising daily. By inhibiting adult neurogenesis or
influencing neurochemical systems (such as catecholamines and glucocorticoids), stress
may influence learning and memory processes.

Due to the numerous side effects of allopathic drugs used to treat these diseases, the
search for alternative treatments continues. Therefore, it is prudent to seek options that are
both effective and secure. Indigenous medical practises, including the use of natural
botanicals, are a time-tested method of treatment. Herbal medicines emphasise disease
prevention, body system rejuvenation, maintaining balance and harmony, and life
extension. 19 Due to simple accessibility, low cost, and ancestral knowledge, medicinal
herbs are an indispensable component of traditional medicine worldwide. A variety of
flora have been utilized for the treatment of mental illness. Eugenol is one of these
ingredients.

Memory is affected in numerous ways by stress. Depending on the timing of stress
exposure, (hippocampus-dependent) memory processes can be impaired or enhanced (by
stress).It has been suggested previously that these effects require simultaneous
noradrenergic and glucocorticoid activity in the basolateral amygdala and that the

direction of the stress effects on memory depends on whether the stress is experienced

voLUWithin e puisighe the context of the learninggpisode . 20, 21 http://xadzkjdx.cn/



Journal of Xidian University https://doi.org/10.5281/Zeno0d0.15716125 ISSN No0:1001-2400

Acute tension impairs the capacity for learning and memory. The study by Manikandan
et al., have demonstrated that acute stress impairs the learning and memory capacities
of rodents.22

In experimental settings, acute noise exposure has been linked to transient increases in
blood pressure and levels of stress hormones; therefore, it is hypothesized that long-term
noise exposure may have negative effects on health. 23

Essential oil extracted from desiccated flower buds of clove, Syzygium aromaticum L.
Merr. and Perry (Myrtaceae), is applied topically to alleviate pain and promote healing. 24
Clove has numerous therapeutic properties, including anti-inflammatory,
neuroprotective, antihyperglycemic, nervous stimulant, tonic antimutagenic,
aphrodisiac, bactericidal, nematicidal, fungicidal, anti-toothache, antioxidant,
analgesic, anaesthetic, and hypotensive. 8,22 ,

Eugenol and lesser volumes of beta-caryophyllene and Eugenol acetate make up the
majority of the essential oil of Syzygium aromaticum. 24

Acute administrations of clove oil improve learning and memory recall and can reverse

short-term and long-term memory deficits, according to a number of studies. 8, 25

When rodents avoid a familiar arm of a maze in favour of an unfamiliar arm, spontaneous

alternation occurs. It is a working memory-dependent exploration measure. 26 ,27

Tolman et al. (1925) defined spontaneous alteration behavior as the tendency of rats

to alternate their selections of T Maze or Y Maze arms at successive opportunities.

28

Additionally, clove oil can be used as a source of natural antioxidants and in

pharmaceutical applications.29
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Eugenol, the primary component of clove oil, is responsible for many of its antioxidant
properties. 30 It possesses substantial antioxidant and cyclooxygenase inhibiting
properties. The activity was comparable to that of ibuprofen, naproxen, and aspirin at
concentrations of 10, 1,000, and 10,000 microM, respectively. This supports the
traditional anti-inflammatory use of O. sanctum.31. The magnitude and duration of stress-
induced behavioural impairments are dependent on the nature and duration of the adverse
experience, as well as the testing paradigm. 18, 32 Typically, elevated corticosterone
levels are associated with behavioural alterations associated with stress in rats 33

In this study , the effectiveness of Eugenol in preventing stress-induced memory loss in

rats was evaluated.Test rats were administered eugenol intraperitoneally at a dose of
200mg/kg body weight as a single dose for 15 consecutive days and were exposed to
noise stress for 4 hours per day with a frequency range of 0-20K Hz and an intensity of
100dB.

It 1s known that stress causes memory impairment. Neuronal injury in the hippocampal
region as a result of excitotoxicity and changes in neurotransmitter levels in the brain
regions is the neural basis for this impairment. Alternately, increased glucocorticoids may
mediate neuronal injury in this region. The increased oxidative stress and decreased
antioxidant defence status in the brain caused by stress may be the cause of memory
loss.34 Glucocorticoids are adrenal steroids that are secreted in response to stress and
play a crucial role in the stress response.35  Sandi and Pinelo- Navarro (2007) explained
that glucocorticoids serve as a common mediator for both the facilitating and impairing
effects of stress on various memory processes and phases.36 Among the brain regions
implicated in the mediation of stress effects, the hippocampus, amygdala, and prefrontal
cortex stand out as crucial.

Increased central noradrenergic activity is associated with impairment of prefrontal cortex
functions involved in working memory performance , which may account for the stressed
group's lower accuracy.37

Eugenol prevents the noise-induced decrease in total acetylcholine content and increase in

the activity of four brain regions, including the hippocampus, in animals. 8
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All groups of rats were initially taught in the T maze. At the conclusion of each week,
both test rats and control rats were evaluated based on the number of correct responses out
of 10 trials for spontaneous modification and latency period to reach the target area.
Animals are able to perform well in post period because rehearsal performance is stored in
the form of information in their working memory. In contrast, the hippocampus is
impaired in the noise stressed group, altering the memory performance of these
individuals.Compared to the control and acute noise stress treated rats, rats treated with
Eugenol exhibited a higher proportion of correct responses to reach the goal. In the acute
noise stress treated group, spatial learning ability is impaired, which may be due to noise-
induced damage to the hippocampus.

In rats administered Eugenol, there was an increase in the proportion of correct responses
and a decrease in the time required to attain the target. This demonstrates Eugenol's
memory-enhancing properties. After 7 days of drug cessation, rats treated with Eugenol
demonstrated a high proportion of correct responses and a decreased latency period
relative to the control group.Eugenol is an exceptional antioxidant source; it has a positive

effect on performance retention.

CONCLUSION
Compared to the control group, rats treated with Eugenol displayed a greater proportion of

accurate responses and a shorter time to attain the goal. Compared to the noise stress-
treated group, the Eugenol noise stress-treated group demonstrated an increase in correct
responses and a decrease in the time required to attain the goal. This demonstrates that
Eugenol exacerbates the memory loss caused by stress in Wistar albino rodents. Even
after drug withdrawal, the test rodents demonstrated improved performance. This
demonstrates that Eugenol has excellent retention performance. Eugenol was discovered
to have antioxidant activity. The current study revealed that Eugenol improves memory in
the T-Maze test. Eugenol possesses antioxidant properties and decreased brain
acetylcholinesterase enzyme levels, resulting in increased acetylcholine concentration in
the brain and enhanced memory in rats exposed to noise stress.

VOLUME 19, ISSUE 6, 2025 1482 http://xadzkjdx.cn/



Journal of Xidian University https://doi.org/10.5281/Zeno0d0.15716125 ISSN No0:1001-2400

REFERENCE

1.Battaglia, F. P., Benchenane, K., Sirota, A., Pennartz, C. M., and Wiener, S. 1. (. The
hippocampus: hub of brain network communication for memory Trends Cogn.
Sci. 2011,15,310-318.

2. Melton W. Implications of short-term memory for a general theory of memory.Journal
of Verbal Learning and Verbal Behavior.1963.2,1;1-21

3.El Hage, W., Griebel, G., and Belzung, C. Long-term impaired memory following
predatory stress in mice. Physiol. Behav.2006; 87, 45-50.

4. Zhao H, Xu H, Xu X, Young D. Predatory stress induces hippocampal cell death by
apoptosis in rats. Neurosci Lett. 2007 ; 27;421(2):115-20.
5. Garabadu D, Shah A, Ahmad A, et al. Eugenol as an anti-stress agent: modulation of

hypothalamic-pituitary-adrenal axis and brain monoaminergic systems in a rat model of

stress. Stress. 2011;14(2):145-155.

6. Ma L, Mu Y, Zhang Z, Sun Q. Eugenol promotes functional recovery and alleviates
inflammation, oxidative stress, and neural apoptosis in a rat model of spinal cord injury.
Restor Neurol Neurosci. 2018;36(5):659-668

7.A Latiful,B Juliandi, A Boediono, I Batubara, M Subangkit et al. “Effects of Eugenol on
Memory Performance, Neurogenesis, and Dendritic Complexity of Neurons in Mice
Analyzed by Behavioral Tests and Golgi Staining of Brain Tissue.” Journal of stem cells

& regenerative medicine. 2021,17,1 35-41.
8. Dashti-R MH, Morshedi A. The effects of Syzygium aromaticum (clove) on learning

and memory in mice. Asian Journal of Traditional Medicines. 20094:4:128-33.

9.Kaur, Deepanjeet and Kaushal Kishore Chandrul. “Syzygium aromaticum L. (Clove):

A vital herbal drug used in periodontal disease.” 2017;5,2;41-55.

10. G. RepovS, A. Baddeley.The multi-component model of working memory:
Explorations in experimental cognitive psychology,Neuroscience. 2006,139, 1:5-21.

11. Berglund B, Lindvall T and Schwela D Guidelines for Community Noise. World
Health Organisation, 1999: Geneva, 121.

12.Muzet A. Environmental noise, sleep and health. Sleep Med Rev. 2007 ;11(2):135-42.
13.Wawa, E. and Mulaku G. Noise Pollution Mapping Using GIS in Nairobi,
Kenya. Journal of Geographic Information System. 2015. 7, 486-493.

VOLUME 19, ISSUE 6, 2025 1483 http://xadzkjdx.cn/


https://pubmed.ncbi.nlm.nih.gov/?term=Juliandi%20B%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Boediono%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Batubara%20I%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Subangkit%20M%5BAuthor%5D

Journal of Xidian University https://doi.org/10.5281/Zeno0d0.15716125 ISSN No0:1001-2400

14.Stansfeld SA, Berglund B, Clark C, Lopez-Barrio I, Fischer P, Ohrstrom E, et al.
RANCH study team. Aircraft and road traffic noise and children's cognition and health: a
cross-national study. Lancet. 2005;365(9475):1942-9.

15.Babisch W. Road traffic noise and cardiovascular risk. Noise Health.

2008;10(38):2733.

16. Hughes RN. The value of spontaneous alternation behavior (SAB) as a test of retention

in pharmacological investigations of memory. Neuroscience and Biobehavioral Reviews,
2004;28, 497-505.
17. McEwen BS, Sapolsky RM. Stress and cognitive function. Curr Opin Neurobiol.

1995;5(2):205-16.
18.McEwen B. Allostasis and Allostatic Load: Implications for

Neuropsychopharmacology. Neuropsychopharmacol. 2000; 22: 108—124.

Stress can cause brain injury, particularly to the hippocampal formation.
19.Himani, Pratap S., Verma RC, Leve S, Sachan A and Dixit RK: An experimental study

to evaluate the effects of Aegle marmelos and it’s comparison with Piracetam on learning
and memory in Wistar rats. Int J Pharm Sci Res 2013; 4(4); 1591-1597.

20.Roozendaal B, McReynolds JR, McGaugh JL. The basolateral amygdala interacts with
the medial prefrontal cortex in regulating glucocorticoid effects on working memory
impairment. J Neurosci. 2004; 11;24(6):1385-92

21.Kim J, Lee H, Han J, Packard M. Amygdala is critical for strsss-inducedmodulation
of hippocampal long term potentiation and learning. J.Neurosci.2001:21, 5222-5228.
22.Manikandan S, Padma MK, Srikumar R, Parthasarathy NJ, Muthuvel A, Devi RS.
Effects of chronic noise stress on spatial memory of rats in relation to neuronal dendritic
alteration and free radical-imbalance in hippocampus and medial prefrontal cortex.
Neurosci Lett 2006;399:17-22.

23.Babisch W. Traffic noise and cardiovascular disease : Epidemiological review and

synthesis. Noise Health 2000;2:9-32.

VOLUME 19, ISSUE 6, 2025 1484 http://xadzkjdx.cn/



Journal of Xidian University https://doi.org/10.5281/Zeno0d0.15716125 ISSN No0:1001-2400

24.Chaieb K, Hajlaoui H, Zmantar T, Kahla-Nakbi AB, Rouabhia M, Mahdouani K,
Bakhrouf A. The chemical composition and biological activity of clove essential oil,
Eugenia caryophyllata (Syzigium aromaticum L. Myrtaceae): a short review. Phytother
Res. 2007;21(6):501-6

25.Halder S, Mehta AK, Kar R, Mustafa M, Mediratta PK,Sharma KK (2011). Clove Oil
Reverses Learning and Memory Deficits in Scopolamine-Treated Mice. Planta Medica.
2011,77:830-834.

26.Honig Werner. Studies of Working Memory in the Pigeon. 2018,2 :211-48

27.0lton DS, Papas BC. Spatial memory and hippocampal function. Neuropsychologia.
1979;17(6):669-82.

28.Tolman EC. Purpose and cognition: the determiners of animal learning. Psychol. Rev.
1925, 32, 285-97.

29.Giil¢in I, Kiifrevioglu OI, Oktay M, Biiylikokuroglu ME. Antioxidant, antimicrobial,
antiulcer and analgesic activities of nettle (Urtica dioica L.). J Ethnopharmacol. 2004
;90(2-3):205-15.

30.0gata H, Fujibuchi W, Goto S, Kanehisa M. A heuristic graph comparison algorithm
and its application to detect functionally related enzyme clusters. Nucleic Acids Res.

2000, 15;28(20):4021-8.
31. Kelm MA Nair MG,Strasburg GM,DeWitt DL.Antioxidant and cyclooxygenase

inhibitory phenolic compounds from Ocimum sanctum Linn.Phytomedicine.2000;7,
1:7-13.

32.Woodson JC, Macintosh D, Fleshner M, Diamond DM. Emotion-induced amnesia in
rats: working memory-specific impairment, corticosterone-memory correlation, and fear

versus arousal effects on memory. Learn Mem. 2003 ;10(5):326-36.
33. Connor KM, Davidson JR, Churchill LE, Sherwood A, Foa E, Weisler RH.

Psychometric properties of the Social Phobia Inventory (SPIN). New self-rating scale. Br
J Psychiatry. 2000 ;176:379-86.

34. Kumar S, Rao SL, Sunny B, Gangadhar BN: Widespread cognitive impairment in
psychogenic anterograde amnesia. Psychiatry Clin Neurosci. 2007, 61:583-6

VOLUME 19, ISSUE 6, 2025 1485 http://xadzkjdx.cn/


https://dx.doi.org/10.1111/j.1440-1819.2007.01735.x
https://dx.doi.org/10.1111/j.1440-1819.2007.01735.x

Journal of Xidian University https://doi.org/10.5281/Zeno0do0.15716125 ISSN No0:1001-2400

35. Munck A, Guyre PM, Holbrook NJ. Physiological functions of glucocorticoids in
stress and their relation to pharmacological actions. Endocr Rev. 1984 Winter;5(1):25-44.
36. Sandi C, Pinelo-Nava MT. Stress and memory: behavioral effects and neurobiological
mechanisms. Neural Plast. 2007;2007:78970.

37. Ramos BP, Colgan L, Nou E, Ovadia S, Wilson SR, Arnsten AF.The beta-1
adrenergic antagonist, betaxolol, improves working memory performance in rats and

monkeys. Biol Psychiatry. 2005, 1;58(11):894-900.

VOLUME 19, ISSUE 6, 2025 1485A http://xadzkjdx.cn/



