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Abstract a o\ \ \

Background: Anesthetics play a crucial role in medica pﬁocedures, but some may pose

¢
A
N

neurotoxic effects, particularly through oxi%e@s mechanisms. Ketamine, a widely used

anesthetic, has been linked to neurotoxi characterized by an imbalance in reactive oxygen

species (ROS) production and antiox @ d ‘d

< b

Objective: This study aimﬂo in‘stigate the effects of nano-curcumin on ketamine-induced

alterations in hippocampal aN nt components and cognitive functions in adolescent rats.
4

Methods: In two e@rhen‘[s, sixty male Wistar rats were used. Experiment 1 assessed the
bio herN e ts&nano-curcumin on ketamine anesthesia, while experiment 2 evaluated its
o

impac spatial learning and memory. At the end of experiments oxidative stress parameters



such as MDA, SOD, GPx, and CAT were measured. Moreover, Morris water maze test was

[ ¢
performed to assess cognitive function. \

Result: Biochemical assays revealed that ketamine anesthesia reduced amant &zyme
activity and total antioxidant capacity in the hippocampus, while inc’r‘e‘in&e!oxidaﬁon.
Nano-curcumin treatment alleviated these effects, restori@ohiant enzyme activity by
significantly increasing SOD and CAT levels and reducing lipi\peroxidation (P<0.05). In the
Morris water maze test, ketamine anesthesia impaired |$patial, learning and memory, which was

attenuated by nano-curcumin pretreatment. ! >

N

Conclusions: In conclusion, nano- rcumefectively prevented ketamine-induced
neurotoxicity by restoring ant10x1 a anJ and ameliorating cognitive deficits. These
findings highlight the poten l therape 1c ut111ty of nano-curcumin in mitigating anesthesia-
induced neurotoxicity p size the importance of oxidative stress in anesthesia-related

neurological compl&ions. =

Keywo\&tl&, Brain, Ketamine, Nano-curcumin, Oxidative stress
N
1. Int uc‘on



Anesthetics are employed in medical procedures to induce anesthesia. While most anesthetics are
considered safe, some may have neurotoxic effects, even at standard dos' There are
incompatible findings regarding the impact of anesthetics on neuronal functionﬁ&lo&mem.
Different anesthetics and anticonvulsant medications have been found t'c Woﬁal injury,
dysfunction, and apoptosis both in laboratory settings and in livi oénismsLAam etal., 2017,
Quiroz-Padilla et al., 2018, Clausen et al., 2019, {ajiza h et al.N018). However, the
mechanisms through which anesthesia brings about th nges are not well understood. One
prominent theory is that the onset of oxidative SUW i ga neuroapoptosis (Stevens et al.,
2019, Resae et al., 2022), initiating a chaxeacw adverse neurological consequences.
Under such circumstances, there is an e&atmjl the generation of reactive oxygen species
(ROS). Oxidative stress is trig%ean "mbalance between free radical generation, mainly
ROS and nitrogen reactive*ecie&{NS) (Barfourooshi et al., 2023, Chukwu et al., 2023,

Shahsavari et al., ZOZ{OrNaxI, ROS is a routine outcome of brain cell metabolism. Yet,

their buildup during oxidative stress can overpower the brain's innate protective antioxidant

mechar\vs&ul& in cellular impairment and demise (Gascoigne et al., 2022). Extensive

res%die‘es that reactive oxygen species (ROS) play a significant role in the development

of various diseases, particularly neurological and psychiatric disorders, given the brain's

4



heightened susceptibility to oxidative harm (Singh et al., 2019, Ng et al., 2008). Moreover,
¢

oxidative stress has been implicated in aging, inflammation, cancer, degeneral&)nditions

(Hussain AlDulaimi, 2024, Liguori et al., 2018), as well as exposure t(ﬂb tES and

medications, including anesthetics (Lee ef al., 2015). Anaesthetic—indut Meﬁtress can

affect lipids, proteins, and DNA (Alavuk Kundovi¢ et al., 202 gefore it is crucial to select

anesthetics that minimize oxidative stress to prevent further tis damag&

D

Ketamine, a short-acting blocker of NMDA receptors, has been widely utilized as an anesthetic
N
since  the  1960s.  Chemically, i inle ed as  [2-O-chlorophenyl-2-
(methylamino)cyclohexanone] (Moghaddam, 2021), nging to the phencyclidine derivative
class. Initially hailed as an ideal ane '(e Qits ability to fulfill all essential components of
surgical anesthesia (such as pailfre}lie . mt,oility, amnesia, and loss of consciousness) (Annetta
et al., 2005). Ketamine its ;h—macologlcal effects by modulating neurotransmission at
postsynaptic rece écl\ng N-methyl-D-aspartate (NMDA) glutamate receptors and
gamma-amin utyrlv (GABA) receptors. Functioning as an uncompetitive antagonist,
ke mirhoc NMDA receptors, leading to dissociative anesthesia (Zhou and Duan, 2023).

Notab tud1 in humans have indicated that ketamine can induce neurotoxicity via oxidative

stress mechanisms (Reus et al, 2017). In rodent models, ketamine prompts a compensatory
5



overexpression of NMDA receptors and elevates Ca2+ levels (Li et al., 2018), resulting in Ca2+
accumulation, which in turn leads to mitochondrial excitotoxic injury and the' eration of
reactive oxygen species (ROS) (Li et al., 2018, Liu et al., 2013). Additiohge{ch by
Oliveira et al. demonstrated that various sub-anesthetic doses of ‘( \affect lipid

&
peroxidation and tissue protein oxidation in multiple cerebral&u}:&s (de'@liverra et al., 2009).

Turmeric (Curcuma longa), a member of the Zingibefaceae famibf, has been used for centuries
throughout Asia as a food additive and traditional hetbal medicine. Epidemiological evidence
N

supports a link between better cognitive fur&ioni@rl sians and curry consumption with
turmeric (Assi et al., 2023). Curcumin is ma&yem polyphenol present in the rhizomes of
turmeric (Khayatan et al., 2022, Banji { 2@1, Kaboutari et al., 2023, Tamadonfard et al.,
2010). Studies indicate that szhe‘ several properties, including antioxidant, anti-
infection, anti-tumor cha c&sticsN neuroprotective potential (Khayatan et al., 2022, Godse

LChos d et al, 2023). Curcumin exhibits potent anti-inflammatory

i
properties b{duciwth production of inflammatory cytokines such as interferon-y, TNF-q,

IL-1, arm,-

Howe its ‘alth benefits are limited due to its low water solubility, rapid metabolism, and

et al., 2023, GhO]P
S % as inhibiting cyclooxygenase-2 (COX-2) activity (Kahkhaie et al., 2019).

quick elimination from the body (Hewlings and Kalman, 2017). Curcumin, being a hydrophobic
6



natural polyphenol, has low solubility in aqueous solvents but higher solubility in organic

[ &
solvents (Maiti and Dunbar, 2018). Additionally, curcumin readily transforms ilﬂirophilic
C

gmin is

poorly absorbed from the gut, resulting in low bioavailability and neglif) Nleyels when

metabolites, which can impede its absorption (Jiger et al., 2014). Consequﬁ

taken alone. To address this issue, various delivery system h{s nano%cles (e.g., poly
lactic-co-glycolic acid (PLGA) nanoparticles, lipid—ba@ nﬁicles,&nosuspensions, lipid-
PLGA nanobubbles, and nanoemulsions), ultras targe\tecb microbubbles, micelles,
dendrimers, and exosomes have been develop@ harbe curcumin's physicochemical
properties, bioavailability, and pharmacokine‘ (PWi et al., 2020, Mohammed et al., 2021,
Ashjazadeh et al., 2019) Nanoparticles ercquotect it from metabolism and enhance its
stability, prolonging its time in t’h?b tream (Moballegh Nasery et al., 2020). In light of this

evidence, the current study*ﬁ:d Vssess the effects of nano-curcumin on ketamine-induced

alterations in hippocam€ a(\)&m‘[ components and cognitive functions.
r I

W\

2. terial?nd Methods

2.1.Animals



Sixty male Wistar rats (200 to 220g) obtained from the Laboratory Animal Center (Medical

| &
University of Lorestan) were used in the study. Rats were kept under controlled c%ns of 23

e~of the

Faculty of Veterinary Medicine affiliated with Lorestan University. Al‘ Me]ﬁ allowed

+ 2° C and light conditions for 12 h of light and 12 h of darkness in the a

free access to standard chow diet and tap water ad libitum. é P‘ments e carried out in
accordance with the recommendations of the Animal C Commxe for the Lorestan

University (Khorramabad, Iran) with approval number CRA.2023.22.

(’ N
]
2.2.Experimental design
Experiment 1 was conducted to assay th effect ano -curcumin on biochemical alterations

following anesthesia with ketamine. Qz exﬁdlment forty rats were divided into two groups:

curcumin treated (T) and n al salin recelved (S) groups. Each of these groups had four
subgroups: T1-T4 and (n‘S per subgroup) (table 1). The animals in groups T1-T4 were
subjected to daily@vage o;nano-curcumm 20.00 mg kg-1 (Sina Curcumin capsule, each
capsuley contains @g curcumin as nano micelle, these spherical nanomicelles have a

\ ‘about 10 nm) for 2 weeks and groups S1-S4 were received normal saline for the

paw
same duratien. At the last day of administration, all groups except groups T4 and S4 were



anesthetized with ketamine. Rats in groups T1, T2 and T3 were euthanized immediately, 4 and
12 hours after anesthesia, respectively, and their hippocampus were taken f' iochemical
examinations. A similar protocol was performed for anesthesia and brain tia&gtion in
groups S1, S2, and S3. Groups T4 and S4 were not anesthetized but M§ sampled

following cervical dislocation without ketamine injectio édﬁe of -curcumin (20
t

mg/kg) was determined based on our pilot stud he tr ents were applied

intraperitoneal injection.

() P

Table 1: Experimental design in experime

Groups Time o cojction after anesthesia (hour)
T1 Q ’ 0
Curcumin T2 4
Treated
T3 ‘ \\ 12
T4 r Nt without anesthesia

\i % = 0
NM z N 4
Salin

12



S4 without anesthesia

Experiment 2 was designed to investigate the effects of nano-curcumin on s@eam\g and

memory after anesthesia with ketamine. In this experiment twenty rgts‘ver Ml into four
groups (n =5 per group) in the order listed below: O ‘ \ .

Group I-received normal saline without anesthesia (cont

®

Group II-received normal saline with anesthesia (

Group IlI-received nano-curcumin withou(cist%mumin)
st

Group [V-received nano-curcumi e* (curcumin-+ketamin)

K
All injections were given nce ‘@, day for two weeks. The dose of curcumin used was 20

mg/kg. The rats in g‘ups\& IV were anesthetized with ketamine on the last day of

injections. AlL rats,were iftroduced to the MWM test after recovery from anesthesia for

evaluatN&tiNaming and memory.

%
2.3.Biochemical estimations

10



The rats were sacrificed by cervical dislocation under ether anesthesia at sample collection times

and the hippocampus was dissected on an ice-cold surface. Tissue homogenates Wﬂpared as

%stored
at -70°C until MDA levels (an indicator of lipid peroxidation), SOD, ‘A\“}Iy enzyme

activities, and TAC were determined.
o \ \ -

2.4.Measurement of lipid peroxidation

described by Carrillo et al. (1991) (Carrillo et al., 1991). Supernatants were re

The level of lipid peroxidation was indicated by the content OWDA in the hippocampus using

biochemical commercial kits (Asan, Khorrar*d, %n).

2.5.Determination of GPx and SOD activities J

SOD and GPx activities were fheasu n'he supernatant by using Asan kits (Khorramabad,
Iran) according to the \r,\fa re&nstructlons The GPx and SOD activities were expressed
as milliunits per m% ue protein (mU/mg protein).

2.6.De Qon\ activities

CAT cent~1on was measured using Asan commercial kits (Khorramabad, Iran).

11



2.7.Protein measurement

¢
Protein content of tissue homogenates was determined using a colorimetric meﬂ\)f Lowry
with bovine serum albumin as standard (Classics Lowry et al., 1951). ‘ \ %
‘ \\ P 4
2.8.Morris water maze testing @
\N T

Evaluation of hipocampal-dependent spatial learning {d memeory Wasxrformed by standard
Morris water maze task (Morris et al., 1982). The ay water maze test as described
previously (Frick et al., 2000) with minor modiw skarried out. This version of the
water maze test was chosen for practical xonsw could rapidly evaluate learning and
memory in rodents. The water maze cons&d wrcular tank (190cm in diameter) and filled
with water (up to 30cm deep; tegn?er e 26i2 °C). The tank was divided into four zones and a
platform (18cmx18cm) was‘bmel&l 2cm below the water surface in one of these zones. Any
improvements in spatia@lr\g d memory are confirmed by the spatial acquisition and probe
trial respectively. In the first test (spatial acquisition), each rat underwent three blocks of 4
swims Nﬂ& bwninute interval. In the swimming trials, each rat was released gently
intchteit a\randomly chosen quadrant. The rat swam and learned how to find the hidden

platform within 60 s. After reaching, the rat was allowed to stay on the platform for 10 s and was

12



then taken back into the cage. The rats were placed on the platform by hand for 10 s if they could
¢
not escape to the platform within 60 s by themselves, and their escape latency was Kﬁ)ited as 60

%1 were

recorded by a video tracking system. In the second test (probe trial) Whlt‘ Muqed after a

s. The time to reach the platform (latency), the length of swim path, and the

30- min break, the platform was removed and the rats und 1ng\a smgle al of 60s. The
percentage of time spent in each zone including the correct quadrant was orded After the end

D

of each block, all animals were put back into their cage st. %

N
2.9.Statistics 6 i
X

All data were analyzed using the SPSS fo indNVersion 24). To compare the data on SOD,
CAT, or GPx enzyme activities an anA/IDA levels, one-way ANOVA and post-hoc
Tukey's test was used. The es ;e latencies, pathlength, and swim speed in the water maze were
analyzed by two-way {Qr between-subjects differences between nano-curcumin and
normal saline (“curcumin® eé«:t) and repeated measures (within subjects) effects across block

interva.%)ﬁBKweffect). The probe trial data for the percentage of time spent in each of
theY eiwere analyzed by multivariate ANOVA. The results of the experiments were
expressediassmeans + SEM. A P<0.05 value was considered to be statistically significant.

13



3.Results
@

According to Figure 1, ketamine anesthesia significantly reduced levels of GPx c%ﬁed to the

non-anesthetized group (P<0.05). Treatment with Curcumin increased levels, of GPx,‘)ut no

\ y
significant difference was observed (P<0.05). & ‘ \
N\

A B

S T . B Curcumin treated W Saline received
Curcumin treated groups Saline recieved groups 2

0.09

0.08

0.07

0.06

0.03

GPx
GPx

0.04

0.03

0.02

0.01

\\

Figure 1: Evaluation (Cgluwlke peroxidase (GPx) in experimental groups of the study. A:
Comparison between anesthetized and non-anesthetized groups of curcumin and saline treated.

B: Con’\ri*)et&n%urcumin and saline treatment groups of the same time frame.

14



Anesthesia significantly reduced levels of CAT compared to the non-anesthetized group

&
(P<0.05) (Figure 2A). Curcumin increased the amount of CAT in the treatment grq&however,

a significant increment was only observed for the T3 group (P<0.05) (Figure 2% \

a0 B

A Curcumin treated Saline recieved B 8 Curcumin treated M Saline received

Figure 2: Evaluation of catalase ( \ex@imental groups of the study. A: Comparison
between anesthetized and non—gne tized groups of curcumin and saline treated. B:

Comparison between curcun* and&ne treatment groups of the same time frame.

Based on Figure ﬁ In th; groups, no significant difference was observed between the
anesthetized%l Nthetized groups with ketamine. While in the saline-treated groups,
ketamine a esiesia significantly decreased levels of SOD (P<0.05). Based on Figure 3B, the T3

group signifieantly increased the level of SOD compared to the S3 group (P<0.05).

15



Curcumin treated Saline recieved
A B B Curcumin treated M Saline received

NS NS
: NS

0 S . .= -
Figure 3: Evaluation of superoxide dismutase (SOD) i perimental groups of the study. A:
Comparison between anesthetized and non-anesth&ps‘of curcumin and saline treated.
B: Comparison between curcumin and saline greatm: ups of the same time frame.

Anesthesia significantly reduced TAQ& W@l compared to the T4 and S4 groups in which

did not receive anesthesia (P<O¢05‘) e ') No significant difference was observed between

the curcumin and saline- tfat g{Nor TAC (Figure 4B).

\™~
N\
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curcumin treated saline recieved ) . .
B Curcumin treated ® Saline received

T T2 T3 T4 S1 §2 83 sS4

®
Figure 4: Evaluation of total antioxidant capacity %merimental groups of the study. A:
Comparison between anesthetized and non—%the@roups of curcumin and saline treated.

B: Comparison between curcumin and saline treatNt groups of the same time frame.

Following ketamine anesthesig, WQsigliﬁcantly reduced (P<0.05) (Figure 5A). MDA

decreased in the curcumin-t(*ed g*ps, but it was not significant (P>0.05) (Figure 5B).

)
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curcumin treated saline recieved & Curcumin treated W Saline received
0.03 i 0.03

0.025 0.025

0.02 0.02

MDA

<
0.015 20015
=

0.01 0.01

0.005 0.005

0 (]

rn T2 713 4 SI 82 83 0S4 T1 81 T2 82 E3-83 T4 54

Figure 5: Evaluation of malondialdehyde (MDA) in‘experim&lta‘l groups of the study. A:
Comparison between anesthetized and non—anesthetize@p&of curcumin and saline treated.
]

B: Comparison between curcumin and saline?tmen; groups of the same time frame.
The results of latency time are provide(in FM 6. Based on the graph, anesthesia with

4
anesthesia (P<0.05). Th urcw-treated group significantly reduced latency time in

ketamine significantly increased)thn‘y time compared to the control group without

comparison to the cont@rN&0.0S). In the ketamine+curcumin treated group; latency time

was significantly lower thanthat of the ketamine group (P<0.05).

18



v

Bcontrol ®ketamine HEcurcumin Mketaminetcurcumin

60 \

BN
Nt

Latency time (sec)

g

Figure 6: Effect of ketamine and n @ r n) treatment on spatial learning as measured by
>

the MWM task. Escape latency to reach'the !idden platform in rats received ketamine enhanced

compared with the cg eanwhile, nano-curcumin administration significantly
reversed ketaminednduced i 1m irment. There are significant differences between groups with

different supicrl olumn (a,b, and ¢ ; P<0.05). Each point is the mean+SEM.

)
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Results for time spent in the target zone (%) are indicated in Figure 7. Based on the graph,

@&
anesthesia by ketamine significantly reduced the time spent in the target zone co

Katred to the
control group (P<0.05). Although ketamine and ketamine+curcumin groups jﬂe th‘e time

spent in the target zone, it was not significant when compared to the ketavin“(PP0.0S).
&

.

| 4

Bcontrol Bkelamine @curcumin  Mkelamine+curcumin
45

NS

40

20

Time spent in target zone (%)
[

Groups

o S\ Y~
i
Figure 7: Effeet,of ketamine and nano-curcumin treatment on memory retention, as measured by
the M\m ta m time spent by rats in the target zone decreased significantly in the

ketam gro% in compared to the control group. Administration of nano-curcumin could

20



improve the impairment in memory caused by ketamine. *Represents the significant difference

h\

A\

The current research demonstrates that administering curcumin (25 mg/kg, for 14 days), an
é .

between ketamine with control groups. (*P<0.05), NS: non-significant.

>

4.Discussion

active compound found in turmeric (Curcuma longa), to rats prior tosexposure to ketamine
effectively prevented the behavioral and pro-oxidant ef] induced,by ketamine in adolescent
rats. The behavioral and biochemical impacts of W app@\r to be contingent upon dosage.
Studies have revealed that low doses of ketat‘e (W/kg) possess antidepressant properties
(Katalinic et al., 2013). Conversely, mo%lteM (10-50 mg/kg) of ketamine can lead to
hyperlocomotion and cellular dzsﬁl (S’edky and Magdy, 2021) , while higher doses result
in anesthetic and dissociaq effects. Gazal et al. (2014) demonstrated that administering
ketamine (25 mg/kg) Y&lduces hyperlocomotion in the open-field test and oxidative
damage in the prefxntal cortex (PFC) and hippocampus (HP) (Gazal et al., 2014). Furthermore,
anothen&d&uw dministering a sub-anesthetic dose of ketamine alters oxidative stress
parameters inithe rat brain. Da Silva et al. (2010) demonstrated increased lipid peroxidation and
nitrite content in the cortex of mice following a single dose of ketamine (da Silva ef al., 2010). In

21



preclinical models, non-anesthetic doses of ketamine can induce hyperlocomotion, stereotypy,

| &
impaired cognitive function, and social interaction (Gazal et al., 2014). It's worﬂ&iig that in

the current study, the anesthetic dose of ketamine (75 mg/kg, intraperitoneal) aWc e‘effects

on behavioral and neurochemical changes were assessed. ‘ \\ [
&

An imbalance in oxidation-reduction processes within liVing@sﬁﬁ leads to an accumulation
of reactive oxygen species (ROS), resulting in oxidatiVie, stress (Sestantini, 2019). To counteract
this, organisms employ various antioxidant defense mechanisms. Enzymatic antioxidants include
superoxide dismutase (SOD), catalase (nglmon eroxidase (GPx), and glutathione

reductase (GR). SOD, a key player in

d@%Militates the conversion of superoxide
anions (0O2-) into hydrogen peroxid ar@molecular oxygen (02) (Carmo de Carvalho e
Martins et al., 2022). Subseqvelbdy, O’ can react with iron to generate highly reactive
hydroxyl radicals (Halliw 1*1 Gut 1dge 2015). CAT then converts H202 into water and O2,
completing the d? atlhprocess (Cecerska-Hery¢ et al., 2022). Neuronal cells are
partlcularly suseepti 0x1dat1ve damage due to their heightened oxygen consumption,
rel 1vely &)xidant defenses (Cobley et al, 2018) , and the abundance of

polyun urat fatty acids in their membranes. Specifically, the lipid composition of neuronal

membranes is rich in polyunsaturated fatty acids, rendering them more vulnerable to oxidative
22



stress. Elevated levels of reactive oxygen species (ROS) have detrimental effects on various

&
cellular processes such as signal transduction, structural plasticity, and cellt&resilience,

primarily by inducing lipid peroxidation in membranes and damaging proteln u ek acids
(Mabhadik et al., 2001). Moreover, mitochondria in presynaptic termmals‘ d o elevated
calcium levels from voltage-gated calcium channels, acceler ‘latwe damage at synaptic

sites (Grimm and Eckert, 2017). Our study revealed t\hat ketamine 1n s changes in certain
oxidative stress parameters, such as an increase in ndialdchyde (MDA) levels and a
decrease in total antioxidant capacity in the hlﬂ (ﬁP) of rats. In our experiment,
ketamine administration resulted in reducedxvnwlomdant enzymes such as glutathione
peroxidase, superoxide dismutase, and Qlas»the hippocampus. Previous studies have
documented the effects of ketamine p1$perox1dat10n in various brain regions (Brocardo et
al.,2010). The hippocampu* criti&lstmcture within the limbic system, plays a pivotal role in
cognitive functions schs \n&, memory consolidation, and recall of declarative memories
(Eichenbaum, 2001). It is particularly important for spatial memory map formation (Papp et al.,

2007). Ve& l\sﬂown that decreased hippocampal lipid peroxidation enhances spatial

cog\mand‘eaming memory (Gamoh et al., 2001), while increased antioxidative activity in

the hippocampus prevents (Hashimoto et al., 2002) or mitigates (Hashimoto et al., 2005)

23



impairments in learning ability in rats. Furthermore, preclinical evidence suggests that ketamine
[ &
exerts rapid effects on synaptogenesis in the hippocampus, a brain region strongl)ixplicated in

memory consolidation (Kandlur et al., 2020). h \

Consistent with a study conducted by Gazal et al. (2014), our ﬁndi}lg‘ﬂ% t’curcumin
effectively prevents cognitive deficits and alterations in ox@ stress parameters induced by
ketamine in rats. Numerous studies have highlightéd, the anti{nﬂammatory and antioxidant
properties of curcumin (Peng et al., 2021, Vaiserman ef al., 2020). It has been demonstrated that
curcumin can normalize levels of cellular antioxidant enzy s,lincluding SOD and catalase, and
reduce oxidative stress in cellular model A M disease (Huang et al., 2012). Indeed,
due to its antioxidative properties, ¢ tagmwn promise in preclinical models of various
conditions, including neurodegm(!regis'rders depression, and aging (Menon and Sudheer,
2007). Consistent wit %ﬁnd&s our study showed that curcumin improves learning
impairments in ke dre d rats. There is abundant evidence indicating that curcumin
administratio ew memory function, cerebral blood flow (Rajasekar et al., 2013) , and
o

ele ateh S

et al., 7). ‘searchers have explored the connection between curry consumption, containing

rain-derived neurotrophic factor (BDNF) and hippocampal neurogenesis (Xu

curcumin, and cognitive function. Individuals who consumed curry occasionally (less than once
24



a month) or often (more than once a month) exhibited better performance on cognitive function
tests compared to those who rarely or never consumed curry (Mishra and Palani\%)OS). Ina
previous study, we demonstrated that an herbal extract with antioxidant prﬁs nwroved
spatial memory impairment induced by ethanol (Taati et al, 2&] Wicysring the
hippocampus's role in spatial learning and its susceptibility oxg’ative (}a' ge induced by
ketamine (Gazal et al., 2014), it is evident that oxidative stresSiplays a role in ketamine-induced
cognitive impairments in spatial water maze performan our knowledge, there have been no
reports on the effects of curcumin on spatial leamiﬁ mohr in ketamine-treated adolescent
rats. In this study, pretreatment with curcum‘ignWy reduced latency time and mitigated
ketamine's effects on learning performaan)mpMO the ketamine-only group. These findings
suggest that co-treatment with 2u)c an?liorates ketamine-induced memory deficits during
the acquisition process in r* Hover, it did not significantly affect the retrieval process of
spatial memory perforn@:e‘e\)us research has shown that antioxidant components of plants
can enhance cognitive function (Renis et al., 1996, Bisson et al., 2008, Kumar et al., 2009,
Khalili\d&%%hi et al., 2010, Juyal et al., 2010). In conclusion, our findings suggest

thaNlpr‘ement in spatial memory deficits induced by ketamine may be attributed to the

antioxidant properties of curcumin.
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