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Conclusion: CoQ10 could improve cognitive impairment and reduce reinstatement in MOR-
addicted male rats. Histologic examination confirmed the neuroprotective effects of CoQ10 in
the hippocampus. CoQ10 could be a potential therapeutic agent for MOR-induced cognitive

impairment and relapse.

Highlights

* CoQ10 improved recognition memory of morphine-addicted rats.

* CoQ10 enhanced working memory of morphine-addicted rats.

* CoQ10 increased social interaction time in morphine-addicted rats.

* CoQ10 reduced the relapse in conditioned place preference of morphine-addicted rats.

* CoQ10 elevated hippocampal BDNF expression level in morphine-addicted rats.

Plain Language Summary

This study examined whether a substance called Coenzyme Q10 (CoQ10) could help rats with opioid addiction.
Morphine, a commonly used opioid, can cause side effects such as cognitive impairments and increased risk of relapse.
CoQ10 is a natural compound in the body that helps cells produce energy and protects them from damage. In this study,
researchers gave CoQ10 to some rats that were already receiving morphine and compared them to an addicted group
that received CoQ10. They aimed to determine whether CoQ10 could reduce relapse, improve cognition and memory,
and help the brain recover from the harmful effects of addiction. The results showed that morphine-addicted rats treated
with CoQ10 had fewer relapses, improved memory and social interaction, and higher levels of a brain growth factor
that supports and protects brain function. Overall, the findings suggest that adding CoQ10 to addiction treatment may
enhance recovery, although further research is needed to confirm these results.

1. Introduction

pioids prove to be the most efficient pain
relievers for treating various forms of pain
(Jaremko et al., 2014). However, the use
of opioids is limited by the fears of ad-
diction and tolerance (Heshmatzad et al.,
2021). One of the most potent substances
that is obtained from opium poppy (Papa-
ver somniferum plant) is morphine (MOR), which can
lead to relaxation and euphoria (Rachal & Bohn, 2005).
Therefore, MOR and other opioids, such as heroin, have
extremely high abusive potential (Ghamati et al., 2014).
In recent decades, studies have considered opioid ad-
diction to be a “relapsing chronic disease” that severely
affects public health (Leshner, 1998). Of note, the per-
sistence of opioid use disorder is known by the resump-
tion of drug-seeking and drug-abusing behaviors that
are activated by stimuli associated with drug use, even

long after the withdrawal period (Han et al., 2015). Cue-
related reinstatement in MOR-addicted rats refers to the
phenomenon where environmental cues associated with
drug use trigger a resurgence of drug-seeking behavior
after a period of abstinence. Studies show that the insular
cortex (IC) and the nucleus accumbens (NAc) are critical
in mediating cue-induced reinstatement of MOR-seek-
ing behavior. Activation of glutamatergic projections
from the IC to the NAc core is essential for this reinstate-
ment (Zhang et al., 2019).

Opioid addiction severely disrupts cognitive activi-
ties such as learning, memory, and mood processes,
which can be the reason for returning to drug use. For
example, a past study has revealed that chronic MOR
significantly impairs working memory in rats (Sala et
al., 1994). Also, a previous study has shown that the
inhibitory memory of rats is significantly impaired by
post-training administration of MOR (2.5, 5, and 7.5
mg/kg) (Tavassoli et al., 2017). Furthermore, it has been
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shown that long-term MOR addiction strongly attenu-
ates neurogenesis, disrupts memory performance, and
changes emotional reactivity and anxiety levels in male
rats (Famitafreshi et al., 2015). Previous research has
shown that rats exposed to long-term MOR exhibit defi-
cits in spatial memory as assessed by the Morris water
maze task (Brolin et al., 2018). In addition, reports in-
dicate that MOR can increase oxidative stress in the ro-
dent brain (Milanesi et al., 2023). As we know, oxidative
stress can lead to a wide range of cognitive impairments
(Kholghi et al., 2023; Mehrabanifar et al., 2023).

Coenzyme Q10 (2, 3-dimethoxy-5-methyl-6-multi-
prenyl-1, 4-benzoquinone, [CoQ10]) is a fat-soluble
vitamin-like substance and an essential electron car-
rier in the respiratory chain of the inner mitochondrial
membrane for ATP metabolic processes. The nature of
CoQI10 in the rapid acquisition and loss of electrons
causes the potent antioxidant properties of this com-
pound. CoQ10 prevents lipid peroxidation and protein
oxidation by avoiding the generation of peroxyl radicals.
Every cell is well equipped with an enzymatic antioxi-
dant defense system to deal with oxidative stress. CoQ10
passes through the blood-brain barrier if taken orally or
by intravenous injection. CoQ10 prevents tissue damage
and causes exogenous preservation and survival of nerve
cells. The medical literature highlights the recurring em-
phasis on the beneficial impact of CoQ10 on learning
and memory. The positive effects of CoQ10 on the learn-
ing and memory process are emphasized in the medical
literature. A recent study has shown that CoQ10 signifi-
cantly improves amyloid-beta (AB)-induced decline in
discrimination index (DI) in the novel object recogni-
tion (NOR) test, learning, and spatial memory tested in
the Morris water maze, passive avoidance memory and
learning, and long-term potentiation deficit in the hip-
pocampus of aged animals (Asadbegi et al., 2023). In
another study, CoQ10 showed anti-inflammatory and
antioxidant properties.

The change of brain-derived neurotrophic factor
(BDNF) in MOR-addicted rats is a significant area of
research, revealing complex interactions between sub-
stance use and neuroplasticity. MOR dependence leads
to a decrease in BDNF levels of cerebrospinal fluid
during active addiction. At the same time, withdrawal
triggers an increase in BDNF levels (Rezamohammadi
et al., 2020). In the hippocampus, BDNF levels were
found to enhance during MOR withdrawal, suggesting
a compensatory mechanism following addiction (Fatahi
et al., 2020). Increased BDNF expression in the ventral
tegmental area (VTA) was associated with reduced be-
havioral sensitization to MOR, indicating a protective
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role against addiction (Deng et al., 2023). CoQ10 was
observed to stimulate the production of BDNF, an essen-
tial protein involved in neuroplasticity associated with
learning and memory, and SOX2, a transcription factor
critical for maintaining self-renewal, in the hippocam-
pus of a rat model of Alzheimer disease (Sheykhhasan et
al., 2022). A study has shown that treatment with CoQ10
may lead to neuroprotection against the detrimental ef-
fects of AP on synaptic plasticity in the hippocampus of
rats by improving antioxidant activity (Komaki et al.,
2019). Furthermore, it has been shown that CoQ10 can
alleviate cognitive impairments induced by Intracerebro-
ventricular (ICV) injection of streptozotocin in experi-
mental rodents (Ishrat et al., 2006). According to these
findings, we aim to investigate the effect of CoQ10 on
cognitive impairments, cue-related reinstatement, and
expression of BDNF in MOR-dependent male rats.

2. Materials and Methods

Study animals

This study used 48 male Wistar rats (200-220 g). Each
Plexiglas cage consisted of 4 rats housed under a 12-h
light cycle (lights beginning at 7:00 AM), constant hu-
midity, and temperature (23+2 °C). All the rats had free
access to food and water, and all the experiments were
conducted during the light hours (8:00 AM to 3:00 PM).
Also, the rats were bred at the Neuroscience Research
Center, Mazandaran University of Medical Sciences,
Sari, Iran. Our experimental protocol was designed un-
der the National Institutes of Health Guide for the Care
and Use of Animals Lab (Politis et al., 2011).

Drugs
Experimental protocol

This study included 6 experimental groups (n=8) as
follows:

1) Oil group: Received sesame oil for one month
through oral gavage.

2) MOR+oil group: Received MOR for 3 weeks and
normal saline by oral gavage during one month of with-
drawal.

3) MOR+CoQ10-100 group: Received MOR for 3
weeks and CoQ10 (100 mg/kg) by oral gavage.

4) MOR+CoQ10-200 group: Received MOR for 3 weeks
and CoQ10 (200 mg/kg) for a month by oral gavage.

Nazari., et al. (2025). CoQ10 on Cognitive Deficit in MOR-dependent Rats. BCN, 16(2), 379-392.
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5) MOR+CoQ10-400 group: Received MOR for 3 weeks
and CoQ10 (400 mg/kg) for a month by oral gavage.

6) CoQ10-400 group: Received CoQ10 (400 mg/kg)
for a month by oral gavage.

MOR sulfate powder was dissolved in distilled water
(DW). Rats were administered increasing doses of MOR
(25 to 100 mg/kg, SC) once a day for 21 days: Days 1-5,
5 mg (25 mg/kg, SC); days 6-10, 10 mg (50 mg/kg, SC);
days 11-15, 15 mg (75 mg/kg, SC); days 16-21, 20 mg
(100 mg/kg/SC). CoQ10 was dissolved in sesame oil
and administered through gavage. The volume of oral
gavage was 1 mL (Ebrahimi & Esmaeili-Mahani, 2020;
Matthews et al., 1998; Paul & Gueven, 2021; Rauscher
et al., 2001; Shibani et al., 2019).

To confirm MOR dependence, on day 21, naloxone
(2 mg/kg, IP) was injected intraperitoneally two hours
after MOR administration. Withdrawal symptoms were
immediately observed (jumping, shaking the head like
a dog, grinding teeth, chewing, standing on two legs,
scratching the cage, digging) and recorded for 30 minutes
(Figure 1A). The frequency of defecation while observ-
ing the signs of withdrawal (30 minutes) and the percent-
age of 24-hour weight loss of the rats were measured.
After observing and recording the withdrawal signs, the
rats were returned to the cage (Akbari & Mirzaei, 2013).

Basic and Clinical

After 21 days of addiction, CoQ10 treatment was admin-
istered orally with a gavage syringe number 24 at doses
of 100, 200, and 400 mg/kg once a day for one month
(Figure 1B). Then, behavioral tests, including NOR test,
Y-maze, social interaction, and conditioned place prefer-
ence (CPP), were performed in all animals of groups,
except the animals of the MOR-naloxone group used
for the confirmation addiction model. Four animals per
group for immunofluorescent staining were used.

NOR test

The investigation of the NOR test was performed in
a cube-shaped box measuring 40x50x50 cm?®, in which
different objects can be placed in a fixed position in two
adjacent corners. This test consists of three phases: Ha-
bituation, training, and testing. In the habituation phase,
the rat is placed in the middle of the box without objects
for 10 minutes to investigate the arena thoroughly. This
test phase is repeated the next day in the same way. The
habituation phase is completed at the end of two con-
secutive days of the habituation phase.

In the training phase, two identical objects (A & A) are
placed in the box, and the animal is allowed to examine
the objects for 10 minutes. The animal testing criterion
is touching the object with the nose and putting the nose
directly at a distance of less than 2 cm from the object.

Figure 1. Timeline of experimental procedures, behavioral, and histological measures

Abbreviations: BDNF: Brain-derived neurotrophic factor; Coenzym Q10: CoQ10; MOR: Morphine; NOR: Novel object recog-

nition; SI: Social interaction; CPP: Conditioned place preference.
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Leaning the animal against the objects or sitting on the
objects is not considered part of the time for searching or
examining the object. During the training phase, the time
each animal spent exploring each object was recorded.

In the testing phase, a new object (A & B) is replaced by
one of the previous objects in the box. In this phase, the
animal has 10 minutes to examine the objects. It should be
noted that the objects are exchanged for the next animal
in each test phase to rule out the possibility of preference.
After each animal has left the box, the environment and
objects in the box are cleaned with 70% alcohol. The time
each animal spends with each object is recorded. The DI
(the time each animal spends examining the novel object
(object B) minus the time spent examining the repeated
object (object A), is divided by the total time spent exam-
ining both objects (Lissner et al., 2021).

Y-maze

Working memory was assessed using the Y-maze test.
This test consisted of three identical arms, each 45 cm
long and 10 cm wide and with a wall height of 30 cm.
These arms were arranged at an angle of 120° to each
other. The test was carried out in low light (5 Ix). The
performance of the rats during the test was recorded with
a video camera attached above the device, and the or-
der of entries into the maze arms (arm entries, AE) was
recorded manually. The percentage of spontaneous alter-
nations (SA) was determined as follows (Equation 1):

1. SA%=[SA/(Number of AE-2)]x100.

Only trials with 8 or more arm movements were included
in the data analysis (Shcherbakova et al., 2023).

Social interaction (SI)

The SI test was carried out for 10 minutes in a box with
dimensions of 43x19%22 c¢cm?) divided into three parts
(this space is unfamiliar to the animals, and there is no
habituation). Two wired cup-like cages, large enough to
accommodate the rat, were placed in two side chambers
once an unfamiliar rat was placed. The experiment was
conducted during the light phase with an intensity of 650
Ix. An observer was carefully observed and recorded
the parameters of the test. At the acclimatization stage,
empty wire cages were placed in each part, and the rat
was placed in the middle part, where it remained for 5
min to achieve habituation. The first stage of the test is
the aspect of social tendencies; in this part of the behav-
ioral test, the aim is to check the social tendencies of the
rat. The assumption of the test is based on the fact that

March & April 2025, Vol 16, No. 2

the natural subject animal has a greater desire to com-
municate with another animal than to interact and com-
municate with an empty chamber. At this stage, one of
the control rats (stranger one) was placed in one of the
chambers. The doors between the parts were removed so
that the subject rat placed in the middle part could move
between the areas. The following parameters were care-
fully checked and observed. First, the duration of direct
(active) contact with a rat (a stranger) inside the chamber
is checked. In the second stage of the test, the level of the
animal’s desire to establish new social relationships and
the type of its preference is checked. A healthy subject is
assumed to show more desire and preference to commu-
nicate with a new animal. Therefore, the second animal
(stranger 2) was placed in another empty chamber. The
parameters stated in the previous stage were observed
and checked, and the behavioral differences of the rat in
interaction with stranger 1 and compared with stranger 2
were considered and observed. The duration of the two
stages was 10 minutes (Kaidanovich-Beilin et al., 2011).

CPP

The CPP was tested in a three-part Plexiglas box
(30x40x30 cm?®). The CPP procedure comprised a pre-
test followed by a 3-day conditioning phase and a test
divided into three different phases:

Familiarization phase, the conditioning phase, and the
test phase. Before making the addiction model (on the first
day), each rat was placed in the neutral box for 15 minutes,
where it had free access to all three rooms. The time spent
in each room was measured, and the preferred room was
determined. From the second to the fourth day, the condi-
tioning phase, each rat received an injection of MOR and
was placed and confined in the non-preferred room of the
CPP device for 45 min while the doors were closed. After
6 hours, each rat received an injection of DW as a vehicle
for MOR and was moved to the preferred room of the CPP.
On the third day, the protocol was the same as the first day,
from moming to afternoon and vice versa.

In the test phase (on the fifth day), each rat was tested for
the CPP under MOR-free conditions. The rat was placed in
the CPP apparatus for 10 minutes and freely moved to all
three rooms. The time spent in each room was recorded. The
CPP score was the difference between the time spent in the
rooms paired with and without reward (Jamali et al., 2021).

Immunohistochemistry method

To perform an immunohistochemical examination
(n=4), rats were anesthetized with xylazine (20 mg/

Nazari., et al. (2025). CoQ10 on Cognitive Deficit in MOR-dependent Rats. BCN, 16(2), 379-392.
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kg) and ketamine (160 mg/kg) and were stabilized by
transcranial perfusion. Then, the heads of the rats were
separated, and the brains were removed and kept in a
10% buffered formalin solution. About 48 to 72 hours
after immersing the brain in a 10% formalin solution,
the samples were cut from the hippocampus, and tissue
processing and preparation of paraffin blocks were per-
formed. Afterward, 5-p thick slices were prepared from
paraffin blocks by microtome. For immunohistochemi-
cal staining, the slides were first deparaffinized, and then
other steps were performed in the following order:

Deparaffinizing the slides in Xylenol solution, hydra-
tion in descending alcohols at 100, 90, 80, and 70%, re-
spectively, incubation of the slices in standard sodium
citrate (SSC 2x) for 2 hours at 65 degrees, incubation in
2N HCL for 30 minutes at 37 °C, soaking in one-tenth
normal boric acid (pH=8.5) for 10 minutes, washing in
phosphate-buffered saline (PBS), incubation with pri-
mary antibody (BDNF) overnight at 4 °C, immersion
in three loads in PBS and each time for 10 minutes, in-
cubation with secondary antibody-BDNF for 2 hours,
hematoxylin staining for background staining (Counter
staining), sticking the slide, observing with a light mi-
croscope, examining the slides with ImageE software,
and determining the level of BDNF expression in dif-
ferent test groups and preparing images of the tissues by
microscope (Sayyah et al., 2022).

Statistical analyses

The behavioral and histological data were analyzed us-
ing GraphPad Prism software. One-way analysis of vari-
ance (ANOVA), two-way ANOVA, and post hoc Tukey
test were used to compare the differences among the ex-
perimental groups. Data are presented as Mean+SD, and
P<0.05 was considered statistically significant.

3. Results
Effects of CoQ10 on recognition memory

The MOR group showed a significant decrease in
DI compared with the oil group (P<0.001, Figure
2A). This finding shows the cognitive dysfunction
observed in MOR-addicted rats. DI was significantly
increased in the MOR-CoQ10-100, MOR-CoQ10-200,
and MOR-CoQ10-400 groups of rats compared with
the MOR group (P<0.01, P<0.001, Figure 2A). In ad-
dition, Figure 2B indicates no significant difference
in total time of exploration in comparison with the
MOR group. MOR-addicted rats treated with CoQ10
explored more new objects, and the DI increased, sug-

Basic and Clinical

gesting that CoQ10 has a neuroprotective impact on the
recognition memory impairment caused by MOR.

Effects of CoQ10 on working memory in the Y-
maze

The MOR group showed a significant (P<0.001) de-
crease in percentage alternations compared to the oil
group, indicating a loss of memory in the MOR group.
The CoQ10-treated groups showed a statistically sig-
nificant (P<0.01, P<0.001, Figure 3) increase in per-
centage alternations compared to the MOR group.

Effects of CoQ10 on social interaction

The MOR group showed a significant (P<0.001,
Figure 4A) decrease in time spent in social interac-
tion (staying in a rat room). The CoQ10 treated groups
showed a statistically significant (P<0.001, Figure 4A)
increase in time spent in social interactive behaviors.
Figure 4, parts B and C, displays statistically signifi-
cant (P<0.001) interaction between MOR-CoQ10-100
and MOR-CoQ10-200 groups of rats regarding socia-
bility interaction with trapped stranger 2 (unfamiliar
rat) compared with trapped stranger 1 (now-familiar
rat).

Effects of CoQ10 on relapse in the CPP

The rats in all groups that received MOR over three
days of conditioning showed a significant (P<0.001,
Figure 5, CPP1) increase in time spent in the MOR-
paired room. This finding shows the place conditioning
that occurred in MOR-addicted rats. After CoQ10 treat-
ment in MOR-addicted rats, preference changes sig-
nificantly increased in CoQ10-treated groups (P<0.01,
P<0.001). The finding indicated that the time spent in
the MOR-paired chamber reduced significantly (be-
tween CPP1 and CPP2), suggesting reduced relapse in
CoQ10-treated groups.

Effects of CoQ10 on BDNF expression in hippo-
campus

The MOR-addicted group showed a significantly
lower BDNF expression level of the hippocampus
compared with the oil group (P<0.05, Figure 6). The
CoQ10-treated groups showed a statistically significant
increase in BDNF expression level compared with the
MOR-addicted group (P<0.001, Figure 6).

Nazari,, et al. (2025). CoQ10 on Cognitive Deficit in MOR-dependent Rats. BCN, 16(2), 379-392.
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Figure 2. Effect of CoQ10 treatment on NOR test following MOR addiction
A) Discrimination index, B) Total exploration time

MOR: Morphine; Q10: CoQ10.

"P<0.001 vs oil group, #P<0.01, *##P<0.001 vs MOR group.

Note: Total exploration time shows the total time exploring the two objects during the test phase. The discrimination index
indicates the difference in exploration time, measured as (new object - known object)/ (exploration time new object + known
object). n=8, Data are presented as Mean+SD.

Figure 3. Effect of CoQ10 treatment on working memory following MOR addiction in the Y-maze task
MOR: Morphine; Q10: CoQ10.
"P<0.001 vs oil group, #P<0.01, *##P<0.001 vs MOR group.

Note: Percentage of alternations in the task. n=8, data are presented as Mean+SD.
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Figure 4. Effect of CoQ10 treatment on social interaction behaviors following MOR addiction

A) The time spent inside the chamber with a stranger, B) The duration of direct (active) contact with the stranger 1, C) The

duration of direct (active) contact with the stranger 2
MOR: Morphine; Q10: CoQ10.
"P<0.001 vs oil group, ##P<0.001 vs MOR group.

Note: n=8, data are presented as Mean+SD.

4. Discussion

The present research examined the impacts of CoQ10
treatment on cognitive impairments and relapse induced
by MOR use and BDNF expression. Based on the find-
ings, CoQ10 significantly improved NOR, working mem-
ory, SI, and cue-related reinstatement. Also, it significant-
ly increased the expression of BDNF in the hippocampus

of male rats. Our results show that CoQ10 may have a role
in the treatment of cognitive deficits and relapse caused
by MOR addiction. Our findings are in line with the mul-
tiple studies using laboratory animals that have reported
the beneficial protective impacts of CoQ10 against vari-
ous CNS disorders, including Parkinson disease (Ghase-
mloo et al., 2021; Park et al., 2020), Alzheimer disease
(Komaki et al., 2019; Sheykhhasan et al., 2022), aging-

Figure 5. Effect of CoQ10 treatment on CPP following MOR addiction in the CPP

MOR: Morphine; Q10: CoQ10.
"P<0.001 vs oil group, #P<0.01, *##¥P<0.001 vs MOR group.

Note: n=8, data are presented Mean+SD.
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Figure 6. Effect of CoQ10 treatment on BDNF expression in the hippocampus

A) Primary antibody to BDNF, nuclei staining by DAPI, and merging of them from each group; B) The percentage of positive

reactions in each group

Abbreviations: BDNF: Brain-derived neurotrophic factor; MOR: Morphine; Q10: CoQ10.

"P<0.05 vs oil group, ##P<0.001 vs MOR group.

Note: Data are presented as MeantSD. Scale bar: 20 pm; n=4.

induced memory impairments (Hosseini et al., 2022), dia-
betes-induced memory impairments (Monsef et al., 2019;
Omidi et al., 2019), 2,2-dichlorovinyl dimethyl phosphate
(DDVP)-induced cognitive impairments and neurodegen-
eration (Binukumar et al., 2012). Our study is in line with
studies showing that MOR impairs NOR memory. Craig
and Bajic in a study in 2015, reported that performance
on the NOR test of neonatal rats was compromised in
the prolonged MOR administration group at a young
age (postnatal days 27-31) (Craig & Bajic, 2015). Also,
the results of a study by Paris et al. indicated significantly
reduced NOR after ICV. The administration of Kappa
opioid receptor (KOR) agonists and the pretreatment of
KOR antagonists prevented KOR-mediated dysfunction
in NOR (Paris et al., 2011). Moreover, in a study, Alipour
et al. (2023) reported that paternal MOR use during ado-
lescence can cause a dysfunction in the recognition of new
objects and passive avoidance memory in male offspring
(Alipour et al., 2023). Also, Ellis et al. (2020) showed
paternal MOR addiction led to NOR memory deficit in
the female offspring. The findings of the present study, in
agreement with a lot of evidence, indicated MOR has a
negative impact on working memory (Amirteimoury etal.,
2019; Bach et al., 2021; Bonk, 2011; Wang et al., 2013).

Conversely, Miladi Gorji et al. (2008) showed that chron-
ic use of MOR did not affect either retention or acquisition
of spatial working memory. Also, our data, in agreement
with previous research, indicate that MOR administration
in adult rats reduces social interaction and leads to less
time spent interacting with social peers (Slamberova et
al., 2016). Hughes et al. (2021) demonstrated that MOR
reduced social novelty preference and sociability behavior
in adolescent rats (postnatal days 28—43).

Our findings reveal the beneficial effects of CoQ10
treatment on cognitive impairments in MOR-addicted
male rats. CoQ10 has been studied for its impact on
memory and cognitive function in various contexts, and
the results are controversial. CoQ10 supplementation is
recommended as an adjunct to conventional treatment
of migraine, Alzheimer disease, multiple sclerosis, coro-
nary heart disease, and cerebrovascular accidents (Rau-
chova, 2021). The obtained findings are consistent with
the study of Omidi et al. (2019) on rats with streptozoto-
cin-induced diabetes; high-dose supplementation with
CoQ10 improved spatial memory and learning, while
low-dose supplementation did not have an effect (Omidi
etal., 2019). Similarly, in a study on middle-aged rats by
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Monsef et al. (2019), CoQ10 supplementation improved
memory, learning, and cognitive activities in both dia-
betic and healthy subjects, with higher doses showing
better results. In contrast, Maguire et al. (2021) reported
that CoQ10 did not affect working memory and atten-
tion in patients with schizophrenia and schizoaffective
disorder. It should be noted that the FDA has not ap-
proved CoQ10 for treating any diseases. It is consumed
as a food additive, not a drug (Arenas-Jal et al., 2020).
Moreover, Sumien et al. (2009) found that prolonged
consumption of CoQ10 in a low dose has no discern-
able effect on motor and cognitive activities. In contrast,
higher dose intake exacerbates sensory and cognitive
dysfunction in old mice.

The present results reveal that our findings support lit-
erature indicating that the BDNF levels in the brains of
MOR-addicted male rats are altered. Fatahi et al. (2020)
reported that BDNF levels increased during delay-based
decision-making in the hippocampus of MOR-addicted
rats after withdrawal from MOR. Deng et al. (2022)
showed that the BDNF-adenoviral vector adminis-
tered in the VTA by injection decreased MOR-induced
CPP with changes in BDNF/ tyrosine kinase B (TrkB)/
cAMP-response element-binding protein (CREB) levels
in the VTA and NAc. Furthermore, a study conducted
by Peregud et al. (2020) revealed that chronic MOR in-
toxication reduces the binding of HuD, an RNA-binding
protein, to the long 3’-UTR of BDNF, and MOR with-
drawal stimulates the expression of BDNF in the frontal
cortex of rats.

The results of our research suggest that the administra-
tion of CoQ10 could increase the expression of BDNF
in the hippocampus after chronic use of MOR in male
rats. In line with our results, Vaselbehagh et al. (2021)
found that CoQ10 treatment significantly increased the
expression of BDNF in the CA1 area of the hippocam-
pus in methadone-induced neurotoxicity. Also, Nagib et
al. (2019) reported a-tocopherol and or CoQ10 on phe-
nytoin-induced cognitive dysfunction through a change
in the BDNF-TrkB-CREB signaling pathway. In addi-
tion, Abuelezz et al. (2023) showed a neuroprotective
effect of CoQ10 against scopolamine-induced cognitive
impairment by activating the phosphoinositide-3 kinase
(PI3K)/AKT/glycogen synthase kinase-3f (GSK-3B)/
CREB/BDNF/TrKB signaling pathway. Moreover, the
investigation carried out by Abuelezz et al. (2023) exhib-
ited the neuroprotective influence of CoQ10 in counter-
ing scopolamine-induced cognitive dysfunction through
the stimulation of the PI3K/Akt/GSK-33/CREB/BDNF/
TrKB signaling pathway.

Basic and Clinical

CoQ10 transport across the blood-brain barrier involves
complex mechanisms primarily mediated by lipoprotein
interactions. Studies indicate that CoQ10 is transported
via scavenger receptors and the receptor for advanced gly-
cation end products, facilitating its uptake into the brain.
However, efflux mechanisms, particularly through low-
density lipoprotein receptors, limit net transport (Wain-
wright et al., 2020). While the primary focus is on CoQ10,
its metabolites, particularly ubiquinol, may influence
transport dynamics. Studies suggest that the redox state of
CoQ10 affects its accumulation in brain tissues, indicating
that metabolites could play a role in modulating transport
efficiency (Watanabe et al., 2019).

In conclusion, CoQ10 treatment at 100, 200, and 400
mg/kg within 4 weeks could improve cognitive impair-
ments and reduce cue-related reinstatement in MOR-
addicted male rats. The histological assays supported the
neuroprotective effects of CoQ10 in the hippocampus.
CoQ10 may be a potential therapeutic agent for MOR-
induced cognitive impairments and relapse.
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