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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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EVIDENCE
Larisa Manukyan1, Lilit Darbinyan1*, Karen Simonyan2, Vaghinak Sargsyan1, Lilia Hambardzumyan1.

1Sensorimotor Integration Lab, Orbeli Institute of Physiology NAS RA, Yerevan, 0028, Armenia.
2Neuroendocrine 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 
(1100 mg/kg) in a rotenone-induced rat model of PD. Rats received 
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 rhizomes contain 1-5% curcuminoids, 
with curcumin being the primary bioactive compound 
responsible for its therapeutic properties. The plant lacks a stem 

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%), 
α-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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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 aimed to 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 

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 

Figure 1. Curcuma longa (Turmeric).
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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 

(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, the rotenone group exhibited lower rates 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 2. Hippocampal neuronal activity in the control group. Examples of spike activity in a single neuron include real-time impulse flow 20 sec 
before (BE, before the event) and 20 sec after stimulation (PE, post-event).

Figure 3. Effects of Rotenone on hippocampal neuronal activity. Examples of spike activity in a single neuron include real-time impulse flow 20 
sec before (BE, before the event) and 20 sec after stimulation (PE, post-event).
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Figure 4. Effects of C. longa on hippocampal neuronal activity. Examples of spike activity in a single neuron include real-time impulse flow 20 sec 
before (BE, before the event) and 20 sec after stimulation (PE, post-event).

Figure 5. Effect of Curcuma on the number of rears in the Cylinder test.
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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 
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effects of Curcuma longa in PD and emphasizes the need 
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