International Journal of
Pharmacology

ISSN 1811-7775

science ansinet

alert T Network for Sientifc nformation




3 OPEN ACCESS International Journal of Pharmacology

ISSN 1811-7775
DOI: 10.3923/ijp.2025.27.36

@ CrossMark

Research Article
Protective Effects of Trolox on Ketamine-Induced Memory
Impairments and Morphological Changes in the Brain

'Emre Uyar, “Meral Erdinc, *llker Kelle, *Levent Erdinc, “Ugur Seker and *Yusuf Nergiz

'Department of Pharmacology, Faculty of Medicine, Uskudar University, Istanbul, Turkey

’Department of Pharmacology, Faculty of Medicine, Dicle University, Diyarbakir, Turkey

*Department of Clinical Biochemistry, Faculty of Medicine, Dicle University, Diyarbakir, Turkey
“Department of Histology and Embryology, Faculty of Medicine, Mardin Artuklu University, Mardin, Turkey
*Department of Histology and Embryology, Faculty of Medicine, Dicle University, Diyarbakir, Turkey

Abstract

Background and Objective: Ketamine has demonstrated potential in treating various neuropsychiatric disorders at low doses. However,
its memory-impairing and neurotoxic effects and abuse potential present limitations toits use. This study aimed to investigate ketamine’s
effects on memory functions, brain morphology and lipid peroxidationin a time-and dose-dependent manner and the protective effects
of Trolox. Materials and Methods: Forty-eight male BALB/c mice were administered low and high doses of ketamine (10, 30 mg/kg/day,
respectively) sub-chronically and chronically (7 and 21 days, respectively). A subgroup also received Trolox (20 mg/kg/day) for 21 days
combined with high-dose ketamine. Following the drug administrations, behavioral tests were performed, including a modified elevated
plus maze, a novel object recognition and a passive avoidance test. In the brain, malondialdehyde levels and morphology were examined.
The results were analyzed using a one-way analysis of variance followed by a post hoc Tukey's test. Results: Chronic high-dose ketamine
impaired spatial, emotional and recognition memory. Subchronic high-dose ketamine did not affect emotional and recognition memory
but did impair spatial memory. Low-dose ketamine did not produce impairments. Malondialdehyde levels were elevated and
morphological changes were evident in the chronic high-dose ketamine-applied group. These alterations were attenuated with Trolox.
Conclusion: The memory-impairing and neurotoxic effects of ketamine are linked to increased oxidative stress. Antioxidant molecules
like Trolox can be practical against the toxicity of ketamine.
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INTRODUCTION

Ketamine, an N-Methyl-D-Aspartate (NMDA) receptor
antagonist drug, has shown therapeutic promise in treating
depression, bipolar disorder, anxiety spectrum disorders,
substance use disorders, eating disorders and pain
management'2, Despite its potential for treating addiction, it
presents a paradox as it also has abuse potential’. The
therapeuticapplications and abuse potential created the need
to investigate its adverse effects on memory encoding
processes and neuronal morphology. In both clinical and
preclinical studies, chronic ketamine use has been associated
with memory deficits. It impacts verbal/visual memory,
executive functions, spatial recognition and reference memory
and other forms of memory*’. This association led to the
utilization of ketamine, along with several other NMDA
receptor antagonists, to induce memory impairments for
modeling dementia and the cognitive side effects of
schizophrenia®®. Exposure to ketamine has been associated
with structural modifications within the brain. Research
indicates ketamine causes diminished dendritic growth,
decreased dendritic branches and reduced spine density'°.
Furthermore, it decreases the number of neurons'', disrupts
mitochondrial membranes'?, elevates apoptotic markers and
diminishes protective proteins'. These effects are related to
the applied dose and duration of exposure; higher doses and
prolonged use are associated with more severe toxicity'*.

Ketamine increases oxidative stress, which is considered
crucial to its memory-impairing and neurotoxic effects'.
Elevated oxidative stress can cause cellular damage and
contribute to various neurodegenerative pathological
processes's. Trolox (6-hydroxy-2,5,7,8-tetramethyl chroman-2-
carboxylic acid) is a water-soluble analog of vitamin E and a
potent antioxidant. It has shown the potential to provide
neuroprotection by reducing oxidative damage'® and may
help reduce ketamine-induced alterations.

To understand the time- and dose-dependent effects of
ketamine, memoryfunctions (recognition, spatial, emotional),
oxidative stress and the morphology of neuronal structures
following subchronic and chronic administrations of two
doses of ketamine were evaluated in mice. The protective
effects of an antioxidant molecule, Trolox in a high-dose
chronic ketamine-applied subgroup were also examined.

MATERIALS AND METHODS

Study area: This research project was conducted from
January, 2022 to December, 2023 in the Medical
Pharmacology Psychopharmacology Laboratory, Dicle
University, Turkey.
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Animals: Forty-eight male BALB/c mice (DUSAM, Diyarbakir,
Turkey) weighing 30-40 g were used in the experiment and
separated into six groups. The mice were housed in standard
laboratory conditions with a 12 hrs light/dark cycle (lights on
at 07:00 am) at a temperature of 22£2°C. They were housed
8 per cage and had access to water and food pellets
ad libitum. The experiments were conducted between 9:00
and 15:00 and each animal was tested only once.

Ethical consideration: The procedures conducted on the
animals were done by the ethical standards defined by the
European Community Council Directive (24 November, 1986).
Ethical approval was received from the Dicle University Animal
Experiments Ethics Committee (No:2015/55).

Drug applications and experimental procedure: A racemic
ketamine solution (Ketalar, Pfizer, USA) was used in two
different doses (10 and 30 mg/kg/day) for different durations
(1 week as subchronic and 3 weeks as chronic). Trolox
(20 mg/kg; Sigma, St. Louis, Missouri, USA) was used alone or
in combination with high-dose ketamine (30 mg/kg) and
chronically applied (3 weeks). Both drugs were dissolved in
saline and administered intraperitoneal injection at 10 mL/kg
of body weight daily between 9 and 10 am. The drug
dosages were chosen based on previous studies in the
literature'”°. Behavioral tests (novel object recognition,
modified elevated plus maze and passive avoidance) were
conducted at the end of the injection protocol.

Following behavioral tests, mice were sacrificed by
cervical decapitation. Brain tissues were taken and stored at
-80°C or in a 10% neutral buffered formaldehyde solution
for subsequent biochemical and histological analyses. All
experiments were conducted in a semi-soundproof, dimly lit
room, except the mEPM test, which was performed in a well-lit
environment.

Behavioral studies

Novel object recognition (NOR) test: Recognition memory
functions were evaluated using a NOR test following a
previously employed protocol®. The test was done using an
open-field apparatus-a black-colored square with high walls
(40X 40X20 cm, MAY OP-M). The NOR test is based on
rodents’ preference for novel objects over familiar ones. The
test was conducted in three trials: Habituation, acquisition and
retention. During the habituation trial, mice were individually
placed in the apparatus and allowed to explore freely for
5min. About 30 min later, the acquisition trial was conducted.
In this trial, two identical objects were placed on one side of
the square; each mouse was given 5 min to explore.
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One hour after the acquisition trial, the retention trial was
conducted; one familiar object was replaced with a novel one.
The exploration behavior of the mice is defined as facing
one of the objects or touching them with their nose. The
results were analyzed using Ethovision XT 11 software. The
recognition memory function was calculated using the ratio
index (RI). Itis calculated by the time spent exploring the novel
object divided by the time spent exploring both objects
multiplied by 100. A higher Rl value suggests healthy memory
and a lower value indicates impairment.

Modified elevated plus-maze (mEPM) test: The spatial
long-term memory functions were evaluated using a mEPM
test apparatus (MAY EPMO01-M) following a previously utilized
protocol?'. The apparatus contains two open (29X 5 cm) and
two closed (29X 5X 15 cm) arms facing each other, connected
by a central platform (5 X 5 cm). The maze was elevated 40 cm
above the ground. And the room was illuminated. The test
was conducted in two trials: Acquisition (day 1) and retention
(day 2). In the acquisition trial, each mouse was placed at the
end of an open arm facing away from the center. The transfer
latencies to enter either closed arm were recorded. Upon
entering, the mice were allowed to explore for 10 sec freely
and then were returned to their home cage. Mice that did not
enter either closed arm within 90 sec were excluded from the
experiment. The retention trial (day 2) was performed 24 hrs
after the acquisition trial. The same procedure was executed
and the transfer latencies to enter closed arms were recorded.
Highervalues indicated disrupted spatial memory, while lower
values meant intact spatial memory.

Passive avoidance (PA) test: Emotional memory functions
were evaluated using a light-dark PA test apparatus (MAY-PA
1014-M) based on a previously utilized protocol?. This test is
based on two basic rodent behaviors: They prefer to stay in
dark places and avoid places associated with an aversive
event. The apparatus had one illuminated (2000 lux) and one
dark compartment (22X21X22 cm each) connected by an
automatic door (7 X7 cm). The apparatus had an electrifiable
grid floor to shock the animals’ paws. The test was
conducted in two trials: Acquisition (day 1) and retention
(day 2). Each mouse was individually placed in the illuminated
compartment during the acquisition trial. After acclimating
for 60 sec, the door was opened. The door was closed upon
entering the dark compartment and an electric shock
(0.25 mA, 1 sec) was delivered. After 30 sec, the mice were
returned to their home cage. Mice that did not enter the
dark compartment within 300 sec were excluded from
the experiments. About 24 hrs after the acquisition trial, a
retention trial was performed: The same procedures were
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applied, but no electric shock was given. Transfer latencies to
enter the dark compartment were recorded. A longer transfer
latency indicated healthy emotional memory, while shorter
values indicated impairment.

Malondialdehyde level measurements: Brain tissue
malondialdehyde (MDA) levels were assessed to measure
lipid peroxidation using the thiobarbituric acid (TBA)
method?. Tissues were homogenized in a glass tube using a
homogenizer (Fisher Scientific FB50) with 4.5 mL of 5%
and 0.5 mL of 10% (w/v) trichloroacetic acid (TCA). The
homogenates were centrifuged at 4500 rpm for 15 min
(Thermo MicroCL 17R). Then, 1T mL supernatant was mixed
with 1 mL of 0.67% TBA solution in another glass tube. The
mixture was heated in a water bath at 100°C for 10 min. After
cooling, the absorbance levels were measured at 532 nm
using a spectrophotometer (UV-1205 Shimadzu). The
absorbance values were then converted using a molar
extinction coefficient and the results were expressed as
nanomoles per milligram of tissue.

Tissue processing and routine staining protocol: Tissue
samples fixed in formaldehyde for 24 hrs were washed
under tap water, dehydrated in increasing alcohol
concentrations, cleared in xylene and embedded in paraffin
blocks. Sections of 5 um thickness were obtained from the
paraffin blocks using a rotary microtome (Thermo Shandon
Finesse ME+, Runcorn, Cambridge, UK) on adhesive slides for
microscopic examination. The tissue sections were either
stained with Hematoxylin and Eosin (H&E) for pathological
observations or with Luxol fast blue for myelin investigation.
For H&E staining, the sections were deparaffinized in two
series of xylene, rehydrated through decreasing alcohol
concentrations and then placed in distilled water. The H&E
stained samples were immersed in Hematoxylin for 8 min,
washed under tap water and stained in Eosin for 3 min. Then,
they were rinsed in alcohol, immersed in two series of xylene
and mounted with entellan. Luxol fast blue staining was
performed using a ready-to-use kit following the
manufacturer’s directions (Bio-Optica, MI, Italy). All stained
sections were examined under a camera-equipped light
microscope (Zeiss AXIO, Carl Zeiss Microscopy GmbH,
Gottingen, Germany) and representative micrographs were
captured?®,

Statistical analysis: A One-way Analysis of Variance (ANOVA)
followed by a post hoc Tukey's test was used to analyze the
results. The data were expressed as Mean £ Standard Error of
the Mean (SEM). Statistical significance was considered if the
p<0.05.
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RESULTS

Novel objectrecognitiontest: The ratioindex (Rl) values were
lower in the KET30.21 group compared to the VEH group
(p<0.05, as illustrated in Fig. 1).

Modified-elevated plus-maze test: In the retention trial of
the mEPM test, transfer latencies were significantly higher in
the KET30.7 and KET30.21 groups compared to the VEH group
(p<0.05, as illustrated in Fig. 2).

Passive avoidance test: In the PA test retention trial, transfer
latencies were lower in the KET30.21 group compared to the
VEH group (p<0.05, as illustrated in Fig. 3).

Malondialdehyde levels: In the KET30.21 group, brain
malondialdehyde (MDA) levels were significantly higher
compared tothe VEH group (p<0.01). Additionally, MDA levels
were lower in the KETT group compared to the KET30.21
group (p<0.05, as illustrated in Fig. 4).

Histopathological results: The KET10.7 and KET10.21 groups
did not exhibit significant morphological changes and were
similar to the VEH group (Fig. 5a-c). In the KET30.7 group,
pyknotic neuronal and glial cell nuclei were observed, along
with dilated vessels and congestion (Fig. 5d). The KET30.21
group showed severe histopathological alterations, including
widespread dilation, severe congestion in cerebral vessels and
widespread pyknotic nucleiin neuronsand glial cells (Fig. 5e).
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Fig. 1: NOR test ratio index values

VEH: Vehicle, KET10.7: Ketamine (10 mg/kg, 7 days), KET10.21: Ketamine (10 mg/kg, 21 days), KET30.7: Ketamine (30 mg/kg, 7 days), KET30.21: Ketamine
(30 mg/kg, 21 days), KETT: Ketamine (30 mg/kg, 21 days) and Trolox (20 mg/kg, 21 days), 2p<0.05, each column represents the Mean=SEM of 7-9 mice and
one-way ANOVA followed by a post hoc Tukey's test was used for statistical analysis
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Fig. 2: Transfer latencies in the mEPM test

VEH: Vehicle, KET10.7: Ketamine (10 mg/kg, 7 days), KET10.21: Ketamine (10 mg/kg, 21 days), KET30.7: Ketamine (30 mg/kg, 7 days), KET30.21: Ketamine
(30 mg/kg, 21 days), KETT: Ketamine (30 mg/kg, 21 days) and Trolox (20 mg/kg, 21 days), p<0.05, each column represents the Mean®SEM of 6-8 mice and
one-way ANOVA followed by a post hoc Tukey's test was used for statistical analysis
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Fig. 3: Transfer latencies in the passive avoidance (PA) test retention trial
VEH: Vehicle, KET10.7: Ketamine (10 mg/kg, 7 days), KET10.21: Ketamine (10 mg/kg, 21 days), KET30.7: Ketamine (30 mg/kg, 7 days), KET30.21: Ketamine
(30 mg/kg, 21 days), KETT: Ketamine (30 mg/kg, 21 days) and Trolox (20 mg/kg, 21 days), 2p<0.05, each column represents the Mean=®SEM of 7-9 mice and
one-way ANOVA followed by a post hoc Tukey's test was used for statistical analysis

100 1
80 7
5 T
£
g 601 T b
g T T
T L
240 1
£
g
m
20
0 T T T T T T
> N > A » S
N3 é\b &\Q" @@Q o {&‘
LR R

Fig. 4: Malondialdehyde (MDA) levels of the brain (nanomoles per milligram of brain tissue)
VEH: Vehicle, KET10.7: Ketamine (10 mg/kg, 7 days), KET10.21: Ketamine (10 mg/kg, 21 days), KET30.7: Ketamine (30 mg/kg, 7 days), KET30.21: Ketamine
(30 mg/kg, 21 days), KETT: Ketamine (30 mg/kg, 21 days) and Trolox (20 mg/kg, 21 days), p<0.01 vs VEH, ®p<0.05 vs KET30.21, each column represents the
Mean=SEM of 7-9 mice and one-way ANOVA followed by a post hoc Tukey's test was used for statistical analysis

The KETT group displayed a reduction in pathological
changes, particularly cellular pyknosis (Fig. 5f). However, it
exhibited perivascular and perineural edema and perivascular
cavity gaps, which were absent in the other groups.
Observations from Luxol fast blue stained samples
revealed no significant differences in axonal myelination
density in the VEH, KET10.7, KET10.21 and KET30.7 groups
(Fig. 6a-d, respectively). However, the KET30.21 group
exhibited a decrease in myelination (Fig. 6e). However,
as indicated by Luxol fast blue positivity, myelination
density was similar to the VEH group in Trolox-treated
animals (KETT, Fig. 6f). Representative micrographs of

31

histopathological H&E and Luxol fast blue stained samples are
provided in Fig. 5-6, respectively.

DISCUSSION

The present study’s findings indicate that prolonged
exposure to high doses of ketamine leads to significant
memory deficits, increased oxidative stress and structural
changesin the brain. It's worth noting that the administration
of Trolox, an antioxidant, was effective in reducing these toxic
effects, providing protection against ketamine-induced
memory impairments. These findings highlight the crucial role
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Fig. 5(a-f): Hematoxylin and Eosin (H&E) stained brain sections of the groups, (a) VEH, (b) KET10.7, (c) KET10.21, (d) KET30.7,

(e) KET30.21 and (f) KETT

Vascular congestion (arrow), pyknosis in pyramidal neurons (arrowhead) and neuroglia cells (curved arrow), increased perivascular (thick arrow) and
perineural (arrow with tail) cavities and edema, Staining: Hematoxylin & Eosin and Bar: 200 um

Fig. 6(a-f): Myelination level with considering Luxol fast blue density in the white matter of the groups, (a) VEH, (b) KET10.7,

(c) KET10.21, (d) KET30.7, (e) KET30.21 and (f) KETT

Reduced myelination (arrow) in neuronal processes, Staining: Luxol fast blue and Bar: 20 um

of oxidative stress in ketamine-induced neurotoxicity and
cognitive impairments. They were consistent with previous
research showing similar cognitive deficits and neurotoxic
effects associated with prolonged and high-dose
ketamine use?*%.

The memory-impairing effects of ketamine are stated to
be associated with increased oxidative stress and reduced
antioxidant defense systems in the hippocampus and
prefrontal cortex, which are pivotal regions for learning and
memory processes?2?’, Measuring oxidative stress serves as a
practical method to detect neurotoxicity. Antioxidant
molecules can defend against disruptions related toincreased
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oxidative stress. Trolox is a water-soluble analog of vitamin E
and a potent antioxidant known for its neuroprotective
effects®. Accordingly, Trolox can protect neuronal integrity
and memory functions against ketamine-induced alterations.
Malondialdehyde (MDA) is a byproduct of lipid peroxidation.
Itslevels are elevated in neurodegenerative processes. Recent
studies indicate that ketamine increases oxidative stress. In a
recentstudy, 10 mg/kg ketamine administrations for 12 weeks
increased MDA levels in the prefrontal cortex and
hippocampus?. A separate investigation revealed an elevation
in brain MDA levels following administering 20 mg/kg of
ketamine for 14 days®. In the literature, antioxidant molecules
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are reported to attenuate ketamine-induced memory
impairments®®3', In this study, the chronic high-dose
ketamine-applied group had elevated MDA levels, while other
ketamine-applied groups had no significant alterations.
Notably, administering Trolox mitigated MDA levels in the
chronic high-dose ketamine-applied group. These findings
supportthat prolonged high-dose ketamine exposure leads to
marked oxidative stress in the brain. The protective effect of
Trolox emphasizes the extent of increased oxidative stress in
chronic ketamine use.

The impact of ketamine on recognition memory has
been documented. According to a study, ketamine
applications (5 and 10 mg/kg, 5 days) resulted in memory
impairments®2. A recent study reported memory impairments
following 20 mg/kg ketamine administrations for 14 days,
which were reduced with an antioxidant molecule®. Another
study reported memory impairments following thrice-a-week
30 mg/kg ketamine applications for a month®. In a recent
study, acute 15 mg/kg ketamine administration did notimpair
recognition memory, yet it caused disruptions when given for
10 days**.

In the present study, recognition memory functions were
examined using a NOR test. Low-dose ketamine applications
did not affect recognition memory, while high-dose chronic
applications caused significantimpairments. Troloxalleviated
the memory-impairing effects. These findings highlight the
dose- and time-dependent nature of ketamine’s toxic effects
on recognition memory, also emphasizing the vulnerability of
this memory type to increased oxidative stress. The
neuroprotective effects of Trolox suggest a promising route
to alleviate ketamine-induced recognition memory deficits.

Ketamine has been shown to affect spatial memory
functions®37. Prolonged high-dose ketamine administrations
are linked with disrupted memory”®®. A study reported a
dose-dependent decline in spatial working-memory
functions following different dose ketamine administrations
(7.5,15 or 30 mg/kg) for 8 weeks*®. Ketamine in a dose of
20 mg/kg for 14 days disrupted memory in a Y-maze test®.
Interestingly, another study reported no impairments in
spatial memory functions with a considerably high dose of
ketamine (30 mg/kg) administration for 6 months's,

Ketamine may have bimodal effects on memory, as
evidenced by a study that reported reduced stress-induced
spatial memory impairments with a chronically applied tiny
dose of ketamine (4 mg/kg). The same dose caused memory
impairments in non-stressed animals. These effects were
observed in the Morris water maze test, which measures
spatial memory, but not in the Barnes maze test, which
measures working memory*. In current study, spatial memory
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functions were assessed using an mEPM test. Administration
of chronic and subchronic high-dose ketamine resulted in
increased time delays in locating the closed arms, indicating
disrupted spatial memory. Conversely, low-dose ketamine
administrations did not lead to similar disruptions. Besides,
Trolox attenuated chronic high-dose ketamine-induced
impairments. These results indicate dose-dependent and
context-specific effects of ketamine on spatial memory
functions. Trolox's protective effects underscore oxidative
stress’s significance in spatial memory functions.

Studies have reported ketamine-induced emotional
memory impairments*. In a study, 25 mg/kg ketamine
administration for seven days provoked memory impairments.
Contrarily and interestingly, anesthetic doses (50 or 100
mg/kg) over the same duration did not produce similar
impairments*. In another study, different doses of ketamine
(5, 10and 15 mg/kg) were acutely administered: Higher doses
(10 and 15 mg/kg) disrupted emotional memory functions,
but 5 mg/kg did not produce similar disruptions®. These
results indicate dose-dependent alterations in ketamine’s
effects. A recent study reported no significant changes in
emotional memory functions after daily and thrice-a-week 30
mg/kg ketamine administrations for a month. Nonetheless,
impairment was seen after daily administrations of
hydroxynorketamine (30 mg/kg), a ketamine metabolite, while
thrice-weekly administrations, interestingly, generated
improvements3. These results show the bimodal effects of
ketamine. In this study, emotional memory functions were
assessed using a PA test. Low-dose ketamine did not affect
memory, while chronic high-dose applications generated
memory deficits. In contrast, subchronic high-dose
applications did not produce the same effects. Trolox
alleviated the disruptions in the chronic high-dose ketamine-
applied group. These findings show the dose-dependent
toxicity of ketamine on emotional memory functions.

Research has highlighted notable changes in neuronal
structures’ morphology and protein expression levels
following ketamine exposure*, particularly in developing
neurons®. Nuclear condensation, fragmentation of neuronal
cells and enlargement of cell bodies are characteristic
symptoms associated with ketamine use, indicating
neurotoxicity*. A recent study reported alterations in
dendritic, filopodia-type and mushroom-type spines in
neurons following administering two ketamine doses
(5 and 10 mg/kg) for 5 days. In different regions of the brain,
i.e, CAl-hippocampus, dorsal striatum and ventromedial
prefrontal cortex, different effects were observed (an increase
or a decrease in spine density) showing the bimodal effect of
ketamine on neuroplasticity?. Histopathological examinations
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inthe present study have demonstrated various degenerative
effects, particularly with chronic high-dose ketamine use,
including reduced myelination, congested and dilated vessels
and cellular nuclei pyknosis. These morphological alterations
may contribute to cognitive decline induced by ketamine and
impact overall brain function. Nevertheless, these effects were
mitigated in the group treated with Trolox. These findings
highlight the role of oxidative stress in ketamine-induced
neurotoxicity and suggest that interventions targeting
oxidative damage offer a promising approach to preserving
neuronal integrity and preventing cognitive decline.

CONCLUSION

The study provides evidence of the dose- and time-
dependent neurotoxic and memory-impairing effects of
ketamine, primarily through increased oxidative stress.
Chronic high-dose ketamine exposure leads to significant
oxidative damage, as indicated by elevated MDA levels,
morphological changes and impairments in recognition,
spatial and emotional memory. Trolox appears to have a
neuroprotective effect, mitigating ketamine-induced memory
deficits and oxidative damage. These findings highlight the
role of oxidative stress in ketamine-induced neurotoxicity and
suggest that antioxidant interventions like Trolox may help
maintain cognitive functions and neuronal health. Given the
wide range of therapeutic indications and growing abuse of
ketamine and its negative impact on brain functions, further
research is required to explore strategies to prevent or reverse
its harmful effects.

SIGNIFICANCE STATEMENT

This study investigates ketamine-induced cognitive
impairments and neurotoxicity by examining the effects of
different doses and durations on memory functions, brain
morphology and oxidative stressin mice. Notably, it shows the
dose-and time-dependent neurotoxicand memory-impairing
effects of ketamine and that the antioxidant Trolox can
mitigate these harmful effects. These findings improve our
knowledge of oxidative stress’ part in ketamine’s neurotoxic
effectsand recommended potential strategies to reduce harm,
particularly in prolonged and high-dose use.
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