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Abstract

Background: Opioid dependence significantly disrupts cognitive activities such as learning and
memory, which may be the reason for a return to drug use. Morphine (MOR) can increase oxidative
damage in the brain. We aim to investigate the effect of coenzymg@ID10)on «cognitive

impairmentcuerelated reinstatemerandexpression of BDNk MOR-dependent rats.

Methods: In this study, 40 male Wistar rats (20Q0g) were divided into 5-experimental groups
(n=8) as follows: Oil group, MOR+QOil group, MOR+QI00 group, MOR+Q1200 group,
MOR+Q10400 group. The rats were administered increasing doses of MOR (25 to 100mg/kg,
s.c.) once daily. After 21 days of addiction, CoQ10 treatment is administered by gavage at doses
of 100, 200 and 400 mg/kg once daily for one month. CoQ10.is dissolved in 1 cc of sesame oil
and administered. Behavioral assessments were perfarmed usingl alojeet recognition test,
working memory in the ¥maze, social interaction, and conditioned place preference. Expression

of BDNF was assessed in the hippocampus'by.immunohistochemistry.

Results: Treatment with CoQ10 at a dosage.of 100, 200 and 400 mgtkup 4 weeks resulted
in a significant improvement in the NOR task (P<0.01, P<0.001), working memory inrtrez&
(P<0.01, P<0.001), social interaction.(P<0.001) -alated reinstatement in the CPP (P<0.01,
P<0.001) and significantly increased expi@s®f BDNF (P<0.001) in the hippocamposmale

rats

Conclusions CoQ10 could improve cognitive impairment and reduce reinstatement in- MOR
addictedmale rats Histologic examination confirmed the neuroprotective effects of CoQ10 in the
hippocampus.~ CoQl@ould be a potential therapeutic agent for M{DBuced cognitive

impairment and- relapse.

Keywaords: Coenzyme Q10Cognitive DysfunctionRecurrenceMorphine,Opioid Dependence
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Introduction

As we knowppioids prove to be the most efficient pain relievers fotrégmtment of various forms

of pain(Jaremko et al., 2014But the use ofopioids islimited by the fearsf addiction and
tolerance(Heshmatzad, Neehi, & Vaseghi, 2021)0One of the most powerful substances that is
obtainedfrom opium poppy (Papaver somniferum plantinsrphine(MOR), which canlead to
relaxation and euphor{&aehal & Bohn, 2005 herefore MOR and other opioids such-as heroin

have extremely igh abuse potentiglGhamati et al., 2014)in recent decades, studies have
considered opioid addiction to be a fArelapsin
(Leshner, 1998)0Of note,the persistence of opd use disorder is known by the resumption of
drugseeking and drugbusing behaviors that are activated by stimuli associated with drug use,
even long after the withdrawal perigdan et al., 2015 Cuerelated reinstatement in morphine
addicted rats refers to the phenomenon where environmental cues_associated with drug use trigger
a resurgence of dregpeking behavior after a period of abstinestadies show that the insular

cortex (IC) and the nucleus accumbens (NAc) are critical in mediatinmpdueed reinstatement

of morphineseeking behavior. Activation of glutamatergic projections from the IC to the NAc
core is essential for this reinstatemgftiang et al., 2019)

Opioid addiction severely disrupts cognitieetivitiessuch 'as learningmemory, and mood
processes, which can be the reason for returning to drugarsexamplea past study has revealed
that chronicMOR significantly impairs working memory in ra{Sala et al., 1994)Also, a
previous study has shown that the inhibitory. memdryats is significantly impaired by poest
training administration of MOR (2.5, &and 7.5 mg/kg)Tavassoli, Alinaghipour, & Ardjmand,
2017) Furthermore, it has been shown ‘that khegn MOR addiction potently attenuates
neurogenesis, disrupts memory performance, and changes emotional reactivity andeuetsety
in male ratgFamitafreshi, Karimian, & Marefati, 20159previous research has shown that rats
exposed to longerm MOR exhibit-deficits in spatial memory as assg@dsethe Morris water
maze tasKBrolin et al., 2018)-In-addition,reports are indicatinthat MOR has the potential to
increase oxidative stress in-the rodent br@hlanesi et al., 2023)As we know, oxidative stress
can lead toa wide rangeof cognitive impairmentgKholghi, Alipour, Rezaie, Zarrindast, &
Vaseghi, 2023; MehrabanifardesamiTackallou, Vaseghi, & Nasehi, 2023)

Coenzyme QQ (2, 3-dimethoxy5-methyt6-multiprenytl, 4benzoquinoneCoQ10)is a fat
soluble vitaminrlike substance and an essential electamierin the respiratory chain of the inner
mitochondrial *\membrane for ATnetabolic processesThe nature of d@10 in the rapid
acquisition andloss of electrons causes tlogtantioxdant propertis of this compound. CoQ10
prevents lipid peroxidation and protein oxidation by preventingémeratiorof peroxyl radicals.
To-deal with oxidative stress, the cell is well equipped with an enzymatic antioxidant defense
system.CoQ10 passethrough the bloodbrain barrier if taken orally or bytravenous injection.
CoQ10 prevents tissue damage and causes exogenous preservation and survival of ndive cells.
medical literature highlights the recurring emphasis on the beneficial impacQ@iGon the
process of learning and memoiihe positive effects of CoQ10 on the learning and memory
process are emphasized in the medical literatArerecent study has shown that CoQ10
significantly improves amyloit e t a -inQuéed Hecline in discrimation index in the novel
object recognition (NOR) test, learningnd spatial memory tested in the Morris water maze,



passive avoidance memory and learning, and -teng potentiation (LTP) deficit in the
hippocampus of aged animgksadbegi et al., 2023)n another study, CoQ10 showed anti
inflammatory and antbxidant properties.

The change of lain-derived neurotrophic factor (BDNF) in morphiaddicted rats is a significant

area of research, revealing complex interactions between substance use and neuroplasticity.
Morphine dependence leads to a decrease in BDNF levels of cerebrospinal flujdd(CiE&

active addiction, while withdrawal triggers an increase in BDNF le(®Eszamohammadi,
Rahmani, Ghanbari, Khaleghian, & Mila@iorji, 2020) In the hippocampus, BDNF levels were

found toenhance during morphine withdrawal, suggesting a compensatory mechanism following
addiction(Fatahi et al., 2020)ncreased BDNF expression in the ventral tegtalearea (VTA)

was associated with reduced behavioral sensitization to morphine, ‘indicating a protective role
against addictiofDeng et al., 2023C0Q10 was observed to stimulate the.productioBNF,

an important protein involved in neuroplasticity associated with learning and memory, and SOX2,
a transcription factor critical for maintaining sedéfnewal, in the hippoecampus of a rat model of
Alzheimer's diseaséM. Sheykhhasan et al., 2022) study has shown that treatment with CoQ10

may leadt o neuroprotection against the detriment s
hippocampus of rats, by the improvement of antioxidant actifity Komaki et al., 2019)
Furthermore, it has been shown that CoQ10 can ‘alleviate cognitive impanmemnted by
intracerebroventricular injection of streptozotocinexperimentakodents(Ishrat et al., 2006)
According to these findings, we aim to investigate the effect of CoQ10 on cognitive impajrments
cuerelated reinstatemerdnd expression of BDNiAR‘MOR-dependeninalerats

Material and Method
Animals

In this study 48 maleWistarrats (2082209 were usedEachPlexiglascageconsisted ofi rats,

that werehoused under 42-h light.cycle (lights beginning at 7:00a.m), constanthumidity, and
temperature @:2°C). All. the rats had free access to food and water and all the experiments were
done during the light.hour8:00 a.m. to 3:00 p.m.Also, the rats were bred tite Neuroscience
Research Center; Mazandaran University of Medical Sciences, Sari,Ouanexperimatal
protocol was designednderthe National Institutes of Health Guide for the Care and Use of
AnimalsLab (Politis et al., 2011)

Drugs

Thedrugsusedin the studyincludedMOR Sulfate (Darupakhstiran), CoenzymQio (303-98-0,
SigmaAldrich; Merck, C9538 Germany, Naloxone hydrochloride (Caspidiran), Ketamine and
xylazine (Alfasan Company, Holland).

Experimental Protocol

This study include® experimentagroups (n=8as follows:

1) Oil group receivedSesame Oifor one month by oral gavage.

2) MOR+OIl group receivedMOR for 3 weeksandnormalsaline by oral gavaghiring one month
of withdrawal



3) MOR+Q10-100group receivedVIOR for 3 weeksandCoQ10 (100 mg/kg) for by oral gavage.
4) MOR+Q10-200group receivedVOR for 3 weeksandCoQ10 (200 mg/kg) for a month by oral
gavage.

5) MOR+Q10-400group receivedMOR for 3 weeksandCoQ10 (400 mg/kg) for a month by oral
gavage.

6) Q10400group: received CoQ10 (400 mg/kg) for a month by oral gavage.

MOR sulfate powder was dissolved in distilled water (DWats were administered.increasing
doses oMOR (25to 100mg/kg, s.c.pnce a dayfor 21 daysDays 15; 5mg (25mg/kg;.s.c.), days
6-10; 10 mg (50mg/kg, s.c.), days -15; 15 mg (75mg/kg, s.c.), days -26; 20 mg
(100mg/kg/s.c.)CoQ10 dissolved in Sesame oil and administered through. gaMageolume of

oral gavage was &c (Ebrahimi & EsmaeiliMahani, 2020; Matthews, Yan@rowne, Baik, &

Beal, 1998; Paul & Gueven, 2021; Rauscher, Sanders, & Watkins 111, 2001; Shibani et al., 2019)

To confirm MOR dependence, on d&4, naloxone (2 mg/kgi.p.)'wasinjected2h afterMOR
administrationntraperitoneally and withdrawal symptomereimmediately observed (jumping,
shaking the head like a dog, grinding teeth, chewing, standing on two legs, scratching the cage,
digging) and recorded for 30 minut@sg 1, A). The frequency.of defecation during the period of
observing the signs of withalwal (30 minutes), and also, the percentage ¢fd# weight loss of

the rats are measured. After observing and recording.the signs of withdrawal, the rats are returned
to the cagg(Akbari & Mirzaei, 2013) After 21 days of addiction, CoQ10 treatment is administered
orally with a gavage syringe number 24, at doses of 100,a2@300 mg/kg, once a day for one
month(Fig 1, B) Then, behavioral tests including novel objestognition (NOR) test, ¥maze,

social interaction (Sl), and conditioned-place preference (@R performed in all animals of
groups, except the animals thie morphinenaloxone groupmsed for the confirmation addiction
model.Four animals per group fammunofluorescenstaining (IMF) were used.

Novel Object Recognition Test

The investigation ofhe NOR testwasperformed in a cubshaped box measuring 40x50x50°cm

in which different objects can be placed in a fixed position in two adjaweners. This test
consists of three phases: habituatiomining, and testing. AHabituation phase: In this phase, the

rat is placed in theniddle ofthebox without objects for ten minutes to fully investigatedahena

This phase of the test is repedithe next day in the same way. At the end of two consecutive days
of the habituation phase, the habituation phase is completed.

B-Trainingphase In this phase, two identical objects (A & A) are placed in the box and the animal

is allowedto examine th@bjects for 10 minutes. Touching the object with the nose and placing
the noese directly at a distance of less than two centimeters from the object is the criterion for testing
by the animal. Leaning the animal against the objects or sitting on the abjactsconsidered

part of the time for searching or examining the objBetiing the training phase, the time each
animal spent examining each object was recorded.

C-Testing: A new objectA & B) replaced 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 phase of the testle out the possibility of preference. Afteach



animal has left the box, the environmant objectsn the boxarecleaned with 70% alcohol. The
time each animal spends with each object is recorded amlistivaninationindex (the timesach
animalspendsxamining the novel object (object B)muas the time spent examining the repeated
object (object A)js divided by the total time spent examining both objé¢cissner, Wartchow,
Toniazzo, Gongalves, & Rodies, 2021)

Y-maze

Working memory was assessed using thmdze 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 armswere arranged at an
angle of 120° to eacbther. Thetest was carried out in low ligli5 lux). The performance of the

rats during the test was recorded with a video camutaahedabove theleviceandthe orderof
entriesinto the mazermswasrecordedarm entriesAE) was recorded manually. The percentage

of spontaneous alternatio(f3A) wasdeterminedas follows: SA% = [SA/ (number of AE2)] *

100. Only trials witheight or more arm movements were included in theta analysis
(Shcherbakova et al., 2023)

Social Interaction (SI)

The Sl test was carried out fb® minutes in éox with dimensions of 43 197 22cm?, which

is divided into three parts (This space is unfamiliar to.the dsiamal there is no habituatiofwo

wired cup-like cagedarge enough to accommodate the wadreplaced in two side chambexad

in oncean unfamiliar rat was placetdhe experiment was carried out during the light phase with

an intensity of 650 luxAn observer was carefully. observed and recortiedoarametrs ofthe

test At theacclimatizatiorstage, empty-wireagesvere placed in each part atie rat was placed

in the middlepartand remained there far five minutes to achieve habituation. The first stage of the
test:is the aspect of social tendencieshis part of the behavioral test, the aim is to check the
social tendencies of thrat The assumption of the test is basedranfaict that the natural subject
animal has a greater desire to.communicate with another animal than to interact and communicate
with an empty chamber. At-this stage, one of the cordts(stranger one) was placed in one of

the chambers. Thdoorsbetwen thepartswere removed so that the subjeet placed in the

middle partcould move between the areas. The following parameters were carefully checked and
observed: aheduration of direct (active) contact withrat (a stranger) inside the chamblerthe

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. It is assumed that a healthy subject shows more desire and
preference to communicate with a new animal. Tioeee the second animal (strangdrwas

placed in another empty chamber and the parameters stated in the previous stage were observed
and checked, and the behavioral differences ofatia interaction with strangelrand compared
with-stranger2 were onsidered and observed. The duratiorih&ftwo stages was 10 minutes
(KaidanovichBeilin, Lipina, Vukobradovic, Roder, & Woodgett, 2011)

Conditioned Place Preference (CPP)

The CPP was tested in a thigart Plexiglas box (30x40x30 cm3). The CPP procedure comprised
apretest followed by a ®@lay conditioning phase and a test divided into three different phases.



Familiarization phaseBeforemakingthe addiction model (on thest day), each rat was placed in
the neutral box foraminutes, where it had free access to all tmogens The time spent in each
roomwasmeasure@nd the preferred roomasdeterminedConditioning phase. From thé%2o

the 4" day, each rat received an injection of MOR and was placed and confinedamieferred
room of the CPRdevicefor 45 min while the doors were close@fter 6 hours, each rat received
an injection ofDW asa vehicle for MOR and was moved to tpeeferred roonof the CPP. On
the 3™ day, the protocol wathesame as the®iday in the morning to the afternoon and vice versa.
Test In this phase (on the fifth day), each rat was tested for the CPP undefrbEOédnditions.
The rat was placed in the CPP apparatus for 10 minutes and higdnieementto-all three
rooms The tme spent in eaclbomwas recorded. The difference between.the time spent in the
roomspairedwith and without reward was consietd as th&CPP scordJamali, Zarrabian, &
Haghparast, 2021)

Immunohistochemistry M ethod

To performanimmunohistochemical examination (n=#tswereanesthetized withylazine (20
mg/kg) andketamine (160 mg/kggndwerestabilized bytranscraniaperfusion. Thenthe head of
theratswasseparated and the brawvasremoved and keptia10% buffered formalin solution.

48 to 72 hours after immersing the brain in a 10% formalin solution, the sawgresut from

the hippocampuysand tissue processing and preparation of paraffin blaeke performed.5-
micronthick sliceswereprepared from paraffin blocks by microtome. For immunohistochemical
staining, slides were first deparaffinized, and-then other stepsperformed in the following
order:

Deparaffinizing the slides in Gesylol solutichydration in descending alcohols at 100, 90, 80, and
70 degrees respectively, 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 iteatte normal boric acid
(PH=85) for 10 minutes, washing\in.PBS, incubation with primary antibody (BDNF) overnight at
4°C, immersion in threadsin PBS and each time for 10 minutes, incubation with secondary
antibodyBDNF for 2 hours, hematoxylin staining for backgnal staining (Counter staining)
sticking the slide, observing with a light microscope, examining the slides with ImageE spftware
and determining the level of BDN#xpression in different test groups and preparing images of the
tissues by microscod&ayyah et al., 2022)

Statistical Analyses

The behavioral.and histological data wearalyzedusing GraphPad Psm software Oneway
ANOVAtwo-way ANOVA, and post hoc thediffergnbes amomgr e u s
the experimentalgroups Data are as mean$D (standard deviatignand Rvalue <0.05 was
consideredstatistically significant

Results
Effects of CoQ10 orRecognitionMemory

The MOR group showed a significant decreas@licompared with theil group (P€.001, Fig.
2A). This finding shows the cognitiveysfunctionthat wasobservedn MOR-addictedrats. DI
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was significantly increased in the MG&L0(100), MORQ10(200), and MORQ10(400) groups
of rats compared with the MOR grou@<0.01, P<0.001Fig. 2A). In addition,Figure
2B indicatedno significant difference in totdime ofexploration in comparisowith the MOR
group.MOR-addictedrats treated witlCoQ10explored morenew objects and the DI increased,
suggesting thaCoQ10 has aneur@rotectiveimpact on therecognition memory impairment
caused by \DR.

Effects of CoQ10 onWorking Memory in the Y Maze

The MOR group showed a significanP € 0.001) decrease in percentage alternations
comparisorto the oil group, which indicated a loss of memory in M@R group The CoQ10
treated groups showed a statistically signific®x% 0.01,P < 0.00], Fig. 3-increase in percentage
alternationsn comparisorto MOR group

Effects of CoQ10 onSocial I nteraction

The MOR group showed a significant €P0.001, Fig. 4A) decrease irme spent in social
interaction (staying in rat roomyhe CoQ10 treated groups showed a statistically significant (P
0.001, Fig. 4A) increase iime spent in socidhteractive behaviorgzigures 4B and4C display
that there was statistically significaift < 0.001)nteraction between MO®R10(100)and MOR
Q10 (200) groups of rats regardisgciability interaction withtrappedstranger2 nfamiliar
rat)) in comparison with trapped strangénbw-familiar-rat)

Effects of CoQ10on Relapse in the CPP

The rats in all groups that received MOR otlgee days of conditioning, showed a significant (P

< 0.001, Fig. 5, CPP1) increase in time spent in M@Red room. This finding shows the place
conditioning that occurred in MORddicted rats. After CoQ10 treatment in M@Rdicted rats,
changes in therpference enhanced significantly increased in CoQ10 treated groups (P < 0.01, P
< 0.001). The finding indicated.the time spent in the M@ited chamber reduced significantly
(between CPP1 and CRR#22)d suggesting reduced relaps€o0Q10treatedgroups.

Effects of CoQ10 on BDNFExpressionin Hippocampus

The MORaddicted. group indicated a significantly lower BDNF expressievel of the
hippocampusn- comparison with theDil group (P<0.05 Fig. 6). The CoQ10 treated groups
showeda statistically significanncrease irBDNF expressiotevel incomparisorwith the MOR
addicted group (P<0.001, Fig. 6).

Discussion

The present research aimed at determining the impacts of CoQ10 treatment on cognitive
impairmentsand relapséducedby MOR useand BDNF expressiowas examined. Based on the
findings, CoQ10led to significantimprovement ofNOR, working memory, SI, cuerelated
reinstatementandsignificantly increasedexpressiorof BDNF in the hippocampu®f male rats

Our results shovhat CoQ10may have a potential role in the treatment of cogniiefcits and
relapsecausedby MOR addiction Our findings arein line with the multiple studies using
laboratoryanimak thathavereported the beneficigrotectiveimpactsof CoQ10 against various
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CNS disorders includingParkinson's diseas@Ghasemloo et al., 2021; Park et al., 2020)
Alzheimer's diseas@Hamidreza Komaki et al., 2019; Mohsen Sheykhhasan é042) aging
induced memorympairments(Hosseini et al., 2022)diabetesnduced memoryimpairments
(Monsef, Shahidi, & Komaki, 2019; Omidi et al., 201BDVP-induced cognitivempairments
and neurodegeneratigBinukumar et al., 2012Pur study is in line with studies that have shown
thatMOR impairsNOR memory.Craig et al. in a study in 2015 reportiatperformance on the
NOR test ofneonatal ragwas compromised in the prolong8OR administration group &t
young aggPostnataDays 27 31) (Craig & Bajic, 2015) Also, the results ofa study performed
by Paris et alindicated significantly reduceNOR after i.c.v.administration ofkKappa opioid
receptor(KOR) agonistsand pretreatment of antagonists of KOR prevenkdR-mediated
dysfunctionin NOR (Paris, Reilley, & McLaughlin, 2011Moreover, n a study Alipour et al.
(2023 reported thatpaternalMOR use during adolescenasmn cause aysfunctionin the
recognition of new objects and passive avoidance memanmala offspring(Alipour, Shojaei,
Rezaei, Mirnajafizadeh, & Azizi, 2023)Also, Ellis et al. ina studyin 2020 showedpaternal
MOR addiction led ttNOR memorydeficitin thefemale offsprindEllis et al., 2020)The findings

of present stdy in agreement to uttiple evidences indicated MORave a negative impact on
working memory(Amirteimoury, Fatemi, Hassanshahi, & Kaeidi, 2019; Bach et al., 2021; Bonk,
2011; Wang et al., 2013FonverselyMiladi Gorji et al. in'a study2008 showedchronic use to
MOR did not affect eitheretentionor acquisitionof-spatialworking memory (Miladi Gorji,
RashidyPour, & Fathollahi, 2008Also, aur data in.agreement with previotesearchindicated
MOR administration in adult rats algeducedsocial interaction and leado less time spen
interacting with social peefs G| a mb e.r o'v_ 8. Hughesetaal. (2021)d2nfohstatedhat
MOR reduced botlsocial novelty preferen@ndsociabilitybehaviorin adolescent rats (postnatal
days28i 43) (Hughes et al., 2021PDur findings revealethebeneficial effects of CoQ10 treatment
on cognitive impairmergin MOR-addictedmalerats. CoQ10 has been studied for its effects on
memory and cognitive function.in-various contexts andréseltswere controversial CoQ10
supplementatiorrecommendsCoQ10as an adjunct to conventional treatmenf migraine,
Al z h e idisease Budtiple sclerosiscoronary heart diseasand cerebrovascular accidents
(Rauchové, 2021)he obtained findings areuosistent withthe studyof Omidi et al.(2019) on
rats with streptozotocimduced diabetes, high dose supplementation with CoQ10 improved
spatialmemoryandlearning whilelow-dosesupplementation did not have an eff@tnidi et al.,
2019) Similarly, in.a.study on middtaged ratdy Monsef et al. (20191C0Q10 supplementation
improvedmemaory,.learningand cognitive activitiesin both diabeticand healthysubjects, with
higher doses showing better resulkonsd et al., 2019) In contrast, Maguire et a(2021)
reported.that CoQ10 had no effectvweorking memoryandattentionin patients with schizophrenia
and schizoaffective disord@aguire et al., 2021)t should be noted that CoQi$not approved
by the EDA forthe treatment of any diseases. It is consumed as a food additive, aatrag
(Arenagjal, SuiiéNegre, & Garciavontoya, 2020)Moreover,Sumienet al. (2009¥ound that
prolongedconsumptiorof CoQ10in alow dosehas no discernabkffecton motorandcognitive
activitieswhereas intake a higherdoseexacerbatesensoryand cognitive dysfunctionn old
mice (Sumien, Heinrich, Shetty, Sohal, & Forster, 2009)

The presentesultsreveal that oufindings supportliteratureindicating theBDNF levels in the
brain ofMOR-addictedmaleratsaltered Fatahi et al.Z020 reportedthat BDNF levels increased

10


https://link.springer.com/article/10.1007/s11011-019-00402-7#auth-Ghazaleh-Omidi-Aff1
https://pubmed.ncbi.nlm.nih.gov/?term=Sumien%20N%5BAuthor%5D

during delaybaseddecisionmakingin the hippocampus dWOR-addictedratsafter withdrawal
from MOR (Fatahi et al., 2020Deng et al. (2022) showed that the BDRd#enoviral vector
administeredin the VTA by injection decreasedMOR-induced CPP with changes in
BDNF/TrkB/CREB levels in theTA and NAc (Deng et al.,2022) Furthermore,a study
conductedy Peregud et a{2020)reveakdthatchronicMOR intoxication reduces the binding of
HuD, an RNAbinding proein, to the long 3UTR of BDNF, andMOR withdrawal stimulatethe
expression oBDNF in thefrontal cortex of rat§Peregud, Panchenko, & Grakva, 2022)

The results of our research suggest that the administration of CoQ10 could increase the expression
of BDNF in the hippocampus after chronic use of M@Rmale ratsin line with our results,
Vaselbehagh et al2021) found thatCoQ10treatment significantlyncreasedhe expression of

BDNF in the CA1 area ofthe hippocampusn methadonenduced neurotoxicitfVaselbehagh,
Sadegh, Karami, Babaie, & Sakhaie, 202130, Nagib et al. (2019kported}Tocopherband/or

CoQ10 onPhenytoirinducedcognitive dysfunctionthrougha change inthe BDNF-TrkB-CREB

signaling pathway(Nagib et al., 201PIn addition, Abuelezz et al. (2023) showed a
neuroprotective effect of CoQ10 against scopolarmdeced cognitive impairment by activating

the PI3K/AK/GSK3 b/ CREB/ BDNF/ T pathvay(@bueezzad Hendgawy, 2023)
Moreover, the investigation carried out by Abuelezz and colleagues in the year 2023 exhibited the
neuroprotective influence of CoQ10 in countering scopolaimdeced cognitive dysfunction
through the stimulation of the PI3BK/Akt/GSKb /. CREB/ BDNF/ Tr KB signal i ng¢

CoQ10 transport across the blelicin barrier (BBB) involves complex mechanisms primarily
mediated by lipoprotein interactionStudiesindicatethat CoQ10 is transported v&gavenger
receptors (SHB1) and the receptor for-advanced glycation end products (RAGE), facilitating its
uptake into the brain. However, efflux mechanisms, particularly througldémsity lipoprotein
receptors (LDLR), limit net transpofWainwright 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 accumudatidorain tissues, indicating that metabolites
could play a role in modulating transport efficierfgyatanabe et al., 2019)

In conclusion,CoQ10 treatmenat 10Q 200, and 400 mg/kg within 4 weeks could improve
cognitive impairments andeducecuerelated reinstatemenh MOR-addictedmale rats The
histological assays supported the neuroprotective effec®QfLOin the hippocampusCoQ10
may be a potentialtherapeutic agent faMOR-inducedcognitive impairmentand relapse.
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object recognition; Sl, Social interaction; CPP, Conditioned place preference.
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Fig. 2. Effect of CoQl0treatmenton novel object recognition teillowing MOR addiction.
Discrimination index (A), Total exploration.time.(B). Total exploration time shows the total time
exploring for the two objects during the. test pha3s discrimination index indicates the
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