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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
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4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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EVIDENCE

Larisa Manukyan!, Lilit Darbinyan'*, Karen Simonyan?, Vaghinak Sargsyan', Lilia Hambardzumyan'.

ISensorimotor Integration Lab, Orbeli Institute of Physiology NAS RA, Yerevan, 0028, Armenia.
’Neuroendocrine Relationships Lab, Orbeli Institute of Physiology NAS RA, Yerevan, 0028, Armenia.

Abstract.

Parkinson’s disease (PD) is characterized by progressive
dopaminergic neurodegeneration leading to motor deficits, yet
effective neuroprotective therapies remain limited. Curcuma
longa (turmeric), a traditionally cultivated spice in Southeast
Asia, exhibits potent antioxidant properties that may counteract
neurodegenerative processes. This study investigated the
neuroprotective potential of orally administered turmeric extract
(1100mg/kg)inarotenone-inducedratmodel of PD. Ratsreceived
rotenone (2.5 mg/kg) for 21 days to induce PD-like pathology,
followed by concurrent turmeric treatment. Neuroprotective
outcomes were assessed using in vivo electrophysiology and
the Cylinder test to evaluate motor function and forelimb use
asymmetry. Turmeric extract administration significantly
prevented rotenone-induced degenerative changes and motor
impairments, indicating preservation of neuronal integrity and
function. These findings suggest that turmeric extract mitigates
rotenone-induced neurotoxicity, supporting its potential as
a therapeutic agent for PD. Further studies are warranted to
elucidate the underlying molecular mechanisms and optimize
dosing strategies.

Key words. Parkinson’s disease, curcuma longa, hippocampus,
rotenone, cylinder test.

Introduction.

Parkinson’s disease (PD) is a progressive neurodegenerative
condition that predominantly impacts movement. It arises due
to the gradual degeneration of dopamine-producing neurons
located in the substantia nigra, a region in the brain. This neuronal
loss results in hallmark motor symptoms such as tremors,
muscle stiffness, slowness of movement (bradykinesia), and
difficulties with balance and posture. In addition to these motor
issues, PD is associated with various non-motor symptoms,
including cognitive impairments, mood-related disorders,
sleep disturbances, and dysfunctions in autonomic processes.
While the precise cause of Parkinson’s disease remains unclear,
researchers believe it involves a complex interplay of genetic
predispositions and environmental influences [1-3]. Treatment
for PD aims to manage symptoms and improve quality of life,
typically involving medications that increase dopamine levels
in the brain, such as levodopa, dopamine agonists, MAO-B
inhibitors, and COMT inhibitors [4].

Turmeric (Curcuma longa), a perennial plant from the ginger
family (Zingiberaceae), is widely cultivated in regions such as
India, China, Indonesia, Sri Lanka, Brazil, Peru, Africa, and
Australia (Figure 1). Its rthizomes contain 1-5% curcuminoids,
with curcumin being the primary bioactive compound
responsible for its therapeutic properties. The plant lacks a stem
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and features rootstocks, with lance-shaped or oblong leaves
that can grow up to 1 meter long. Its flowers are sterile, pale
yellow with reddish coverings, and the flowering bracts exhibit
green and purplish tones. The rhizomes are known for their
aromatic smell and bitter taste [5,6]. The chemical composition
of turmeric, particularly curcuminoids like curcumin, underpins
its health benefits. Historically used in traditional medicine
systems like Ayurveda and Chinese medicine, turmeric has been
valued for treating a variety of ailments such as skin diseases,
respiratory disorders, gastrointestinal issues, and wounds.
Modern research highlights its potential in addressing conditions
like inflammation, joint pain, asthma, eczema, allergies, and
mood regulation. Additionally, it supports blood sugar balance
and immune system modulation [7,8]. This versatile plant
continues to be studied for its wide-ranging applications in food,
pharmaceuticals, and biotechnology due to its safety profile and
bioactive effects [5,6,8].

C. longa contains carbohydrates, fiber, certain proteins, and
lipids (excluding cholesterol), along with essential nutrients
such as vitamin C, pyridoxine, magnesium, phosphorus,
potassium, and calcium, making it a nutritionally rich natural
food ingredient. A total of 719 constituents have been identified
across 32 Curcuma species, including terpenoids, flavonoids,
phenylpropene derivatives, alkaloids, diphenylalkanoids,
steroids, and other compounds. The rhizome of C. longa
contains over 235 phytoconstituents, primarily polyphenols and
terpenoids. Curcuminoids are the most abundant polyphenols
and consist of approximately 80% curcumin [9,10]. The plant
composition includes moisture (>9%), curcumin (5-6.6%),
extraneous matter (<0.5%), mold (<3%), and volatile oils
(<3.5%). Monoterpenes dominate the essential oils in its
flowers and leaves, while sesquiterpenes are predominant
in oils from roots and rhizomes. Key oil components include
tumerone (25%), curdine (11.5%), and ar-turmerone (8.55%).
Recent analysis has revealed that the rhizome's essential oil
content is approximately 3.97%, with ar-turmerone (40%),
a-turmerone (10%), and curlone (23%) as major constituents
identified through gas chromatography [11,12]. Traditionally,
dried curcumin powder has been used in medicine for its
antitoxic, anticancer, antibacterial, anti-inflammatory, and
antioxidant properties. Curcumin is a lipophilic flavonoid
that is practically insoluble in water but remains stable under
the stomach's acidic conditions. Its antioxidant activity is
comparable to vitamins C and E in both aqueous and fat-
soluble forms. Furthermore, curcumin exhibits neuroprotective
effects by targeting inflammation and oxidative stress—critical
factors in the progression of neurodegenerative diseases such as
Parkinson’s disease (PD). Studies suggest curcumin's potential
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Figure 1. Curcuma longa (Turmeric).

as an effective therapeutic agent for mitigating PD progression
[13-15].

The ethanol extract of Curcuma longa (C. longa) has been
shown to exhibit neuroprotective effects, particularly against
neuronal loss induced by dexamethasone treatment in the
hippocampus of rats. Research demonstrated that pretreatment
with C. longa extract significantly restored neuronal densities
in the CA1 and dentate gyrus regions, though it did not prevent
astrocyte loss, suggesting partial protection through non-
oxidative mechanisms. Additionally, studies on rats exposed
to trimethyltin revealed that C. longa extract improved spatial
memory and preserved pyramidal neurons in the CA2—-CA3
regions, highlighting its antioxidant and anti-inflammatory
properties [16]. Further investigations have explored the
extract's ability to mitigate oxidative stress and enhance
enzymatic antioxidant defenses in the brain. Exploring
these effects in various animal models, including aquatic
species, could provide valuable insights into neuroprotective
mechanisms [17,18]. The ethanolic turmeric extract has been
shown to have neuroprotective effects against trimethyltin-
induced neurotoxicity in rats. The extract prevented oxidative
stress by decreasing plasma and brain malondialdehyde levels,
and increasing reduced glutathione levels and the activities of
superoxide dismutase, catalase, and glutathione peroxidase
enzymes in the brain. These effects were comparable to those
of citicoline, a drug used for the treatment of neurodegenerative
disorders [17]. The neuroprotective effects of C. longa extract
have been attributed to its antioxidant properties, which
help reduce lipid peroxidation and increase the activities of
antioxidant enzymes. The extract has been found to reduce lipid
peroxidation by 35% in the rat hippocampus and increase the
activity of glutathione peroxidase by 50% [17].

This study aimedto investigate the protective effects of Curcuma
longa extract in a rotenone-induced rat model of Parkinson’s
disease, using electrophysiological and behavioral assessments
to evaluate its potential in mitigating neurodegeneration and
motor deficits.

Materials and Methods.

Animals: This study was carried out on 15 male Wistar rats
weighing 200-240 g. Rats were kept in polycarbonate cages
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with five rats per cage, in a room maintained at a controlled
temperature of 24°C and a relative humidity of 45%. They were
kept on a 12-hour light/12-hour dark cycle and provided ad
libitum access to food and water. Throughout the experiment,
the body weights of the rats were regularly monitored. The
experimental procedures followed the guidelines outlined in the
European Communities Council Directive (2010/63/UE) and
were approved by the Ethics Committee of the Yerevan State
Medical University after Mkhitar Heratsi (Approval code: N4
IRB APPROVAL, November 15, 2018).

Experimental design:

15 rats were randomly allocated into 3 groups. 1. Control group
(received sunflower oil 1 ml/kg). 2. Group rotenone every other
day for 21 days at a dosage of 2.5 mg/kg diluted in sunflower oil
(Sigma-Aldrich). Rotenone was administered subcutaneously to
Group rotenone. 3. Rotenone+Curcuma group: Curcuma (1100
mg/kg body weight) was administered to rotenone-treated rats
for 21 days (rotenone 3 weeks + Curcuma 3 weeks).

Statistical analyses:

For electrophysiological data analysis we used t-criteria
of Student’s t -test, the reliability of differences of interspike
intervals before, after and during HFS. All p-values were
determined by a two-sample unpaired Student’s t-test. The
spread of the data where indicated is the SD of the mean. To
increase reliability of statistical evaluations, we also used
the non-parametric method of verification by application of
Wilcoxon two sample test. Significant differences between the
obtained values were analyzed using GraphPad Prism software
(version 5.0) using one-way ANOVA, followed by Tukey’s post
hoc test.

In vivo extracellular recording:

The study involved humane termination of all rats after a
6-week experimental period using deep urethane anesthesia
(1.1 g/kg, i.p.), followed by immobilization with dithylinum
(25 mg/kg, i.p.). Anesthetized and shaved rats were placed in
a stereotactic frame and provided artificial ventilation. Using
rat brain atlas stereotaxic coordinates (AP — 3.2-3.5; L + 1.5—
3.5; DV +2.8-4.0 mm), a microelectrode filled with 3 M KCl



solution was repeatedly inserted into the hippocampus to record
extracellular spike activity from hippocampal neurons [19].
Bipolar silver electrodes delivered rectangular current impulses
(0.05 ms duration, 0.6-0.8 mA amplitude) to the entorhinal
cortex (AP -9, L+ 3.5, DV +4.0 mm) during high-frequency
stimulation (HFS, 100 Hz for 1 sec). Statistical analyses of
interspike intervals and spike frequencies before and after
stimulation were performed using the Student's t-test and Mann-
Whitney U test. This methodology allowed precise electrode
placement and reliable recording of neural activity, supporting
further exploration of hippocampal functions and responses to
stimulation in rodent models.

Cylinder test:

The cylinder test is a widely used behavioral assessment to
evaluate sensory-motor function, particularly in experimental
models of PD [20]. This simple test measures spontaneous
forelimb use asymmetry, a hallmark of motor deficits caused
by unilateral degeneration of the nigrostriatal pathway. In the
test, rodents are placed in a transparent glass cylinder, and their
interactions with the cylinder walls are observed. The number
of wall touches made by the left, right, or both forelimbs is
recorded, often using slow-motion video analysis. Results are
expressed as the percentage of usage for each paw relative to the
total number of touches [21].

Results and Discussion.

In vivo electrophysiology:

In the control group, in response to high-frequency stimulation
of the entorhinal cortex, the comparative analysis of hippocampal
impulse activity after 3 weeks in the PD model revealed
stimulatory and inhibitory effects of TP and TD, followed by
PTP activity. In the group of animals that received rotenone,
the following impulse activities in hippocampal neurons were
observed (Figure 3): excitatory responses during high-frequency
stimulation and the post-stimulation period accounted for
10.2%, inhibitory responses during high-frequency stimulation
and the post-stimulation period accounted for 25.51%, mixed-
type responses during high-frequency stimulation and the post-
stimulation period were at 30.95%, and non-reactive responses
(Figure 3) were at 8.16%. Additionally, the average stimulatory
stimulus responses were expressed 2.88 times during the HFS
(Figure 3), while inhibitory responses were at 4.26 times
(Figure 3), and mixed-type responses (TD PTP Figure 3)
were at 4.1 times. In comparison, in the control group, these
responses were respectively expressed 4.02 times (TD Figure
2) for stimulatory responses, 4.78 times (TD PTP Figure 2) for
inhibitory responses.

In the turmeric (Curcuma) group, the TP PTD responses were
significantly increased by 3 times compared to the rotenone
group. Specifically, 26% TD, 19% TD PTP, 4% TP PTD, 48.5%
TP PTP, and 3% TP responses were recorded in the group of rats
that received Curcuma longa (Figure 4).

Behavioral analysis: Cylinder test.

A two-way ANOVA was conducted to analyse the effects
of treatment group and forelimb on the number of rears. The
results revealed significant effects for both treatment group
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(F(2, 6) = 10.67, p < 0.05) and forelimb (F(1, 6) = 12.00, p
< 0.05). Additionally, there was a significant interaction effect
between treatment group and forelimb (F(2, 6) = 6.00, p <
0.05). Tukey's HSD post hoc tests were performed to compare
differences between groups and forelimbs. For treatment
groups, the Control group differed significantly from both the
Rotenone group (p < 0.05) and the Curcuma group (p < 0.05),
while there was no significant difference between the Rotenone
and Curcuma groups (p > 0.05) (Figure 5).

For forelimbs, there was no significant difference between
the left and right forelimbs in the Control group (p > 0.05), but
significant differences were observed between the left and right
forelimbs in both the Rotenone (p < 0.05) and Curcuma (p <
0.05) groups. The Control group showed a higher number of
rears compared to the Rotenone and Curcuma groups (p < 0.05).

The significant interaction effect suggests that the impact of
treatment group on the number of rears varies depending on
the forelimb, indicating differential effects of treatment on
motor behavior. The statistical analysis highlights significant
differences in motor behavior between treatment groups and
forelimbs (Figure 5).

Ongoing research explores new treatment approaches for PD,
including neuroprotective therapies to slow disease progression
[22]. Advances in deep brain stimulation (DBS) and other
surgical interventions offer options for advanced stages of the
disease. [23]. While PD is progressive with no cure, research
advancements provide hope for better management and quality
of life for individuals with PD. Curcuma longa, commonly
known as turmeric, exhibits multiple mechanisms of action
within the brain that contribute to its therapeutic benefits.
Turmeric increases brain levels of serotonin and norepinephrine
while reducing acetylcholinesterase activity [24]. Turmeric
helps reduce oxidative DNA damage and lipid peroxidation
[25]. Turmeric enhances brain-derived neurotrophic factor
(BDNF) production and activates cAMP response element
binding protein (CREB) [26]. Turmeric regulates GABAergic
transmission [24]. Turmeric modulates sodium ion channel
activity [26]. Turmeric reverses decreased levels of monoamines
(serotonin, noradrenaline, and dopamine) in the brain. These
mechanisms support the use of Curcuma longa and its primary
constituent curcumin in managing epileptic seizures, improving
spatial memory, and protecting against age-related cognitive
decline and neurodegenerative disorders like Alzheimer's
and Parkinson's disease [26]. Clinical trials have investigated
the effects of curcumin on memory and mood in older adults.
A twice-daily dose of curcumin was found to improve both
memory and mood. Curcumin’s ability to cross the blood-brain
barrier suggests its potential impact on brain function [28].

In electrophysiological studies, the comparison between the
rotenone group and the control group highlights significant
differences in the patterns and frequencies of these impulse
activities. Specifically, therotenone group exhibited lowerrates of
stimulatory responses, higher rates of inhibitory and mixed-type
responses, and a notable proportion of non-reactive responses
compared to the control group. The average stimulatory stimulus
responses, inhibitory responses, and mixed-type responses were
also quantitatively different between the rotenone group and the
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Figure 5. Effect of Curcuma on the number of rears in the Cylinder test.
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control group. The higher percentage of TP PTP responses in the
Curcuma group also suggests an enhancement of stimulatory
neural activity, which could contribute to improved motor and
cognitive function. This increase in stimulatory responses,
combined with the significant increase in TP PTD responses,
may reflect a protective mechanism against the degenerative
changes induced by rotenone in the PD model. The observed
distribution of TD, TD PTP, TP PTD, TP PTP, and TP responses
in the Curcuma group indicates a complex modulation of
hippocampal neuronal activity, potentially involving multiple
pathways affected by Curcuma longa supplementation. These
results warrant further investigation into the specific mechanisms
underlying Curcuma longa's neuroprotective effects in PD and
its potential as a therapeutic intervention for mitigating PD-
related neurodegeneration.

In our cylinder test results, the significant interaction effect
suggests that the impact of the treatment group on the number
of rears varies depending on the forelimb, indicating differential
effects of treatment on motor behavior. The cylinder test is a
reliable and objective assay of brain function that can evaluate
rodent's spontaneous forelimb use, which is the main advantage
of this test [29]. It has been used in a number of motor system
injury models of stroke and can detect even mild neurological
impairments [21]. These motor deficits are typically associated
with nigrostriatal dopaminergic neuron loss and impaired motor
control [30]. Curcuma treatment did not significantly improve
the number of rears compared to Rotenone alone, suggesting
partial or limited neuroprotective efficacy under the present
experimental conditions. Curcumin, the active component
of Curcuma longa, has been reported to exert antioxidant,
anti-inflammatory, and neuroprotective effects in various
neurodegenerative models, including PD [30,31]. The significant
interaction and post-hoc analyses revealed forelimb asymmetry
in the Rotenone and Curcuma groups but not in controls,
indicating lateralized motor impairments. This asymmetry is a
hallmark of unilateral or asymmetric nigrostriatal lesions and is
well-documented in rodent PD models [32]. Forelimb-specific
deficits are critical for assessing the extent and progression of
motor dysfunction and for evaluating therapeutic interventions
[33]. These findings underscore the importance of analyzing
lateralized motor behaviors in preclinical models of PD, as
they reflect the pathophysiological asymmetry observed in
patients [34]. Moreover, the Cylinder test remains a sensitive
and reliable assay for detecting subtle motor impairments and
recovery following neurotoxic insult or treatment [35].

Conclusion.

Overall, our study underscores the potential neuroprotective
effects of Curcuma longa in PD and emphasizes the need
for further research to elucidate the specific mechanisms
underlying its benefits. Curcuma longa holds promise as a
therapeutic intervention for PD-related neurodegeneration and
warrants continued investigation for its clinical application in
PD management.
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