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Abstract: Citrullus colocynthis (CC) has traditionally been used in Africa, Asia, and Europe
for a number of reasons. Citrullus colocynthis has been utilised in a number of polyherbal and
monoherbal formulations in the Ayurvedic medical system to treat Kamp-vaat (Parkinson's
illness). The goal of the research was to evaluate how well Tacrine-induced catalepy,
hypolocomotion, and other biochemical changes were protected against by Citrullus
colocynthis root methanolic extracts. Materials and Procedures The percolation method was
used to create a methanolic extract of Citrullus colocynthis root. Tacrine (2.5 mg/kg, 1.p.) was
administered to cause orofacial dyskinesia and hypolocomotion, and the quantity of vacuous
chewing movements (VCM), orofacial bursts (OB), and locomotor activity were quantified.
All of the rats were monitored for Tacrine-induced catalepsy over the course of 1 to 5 days.Free
radical scavenging activity was measured using the ABTS + assay. Methanolic extract affected
the forebrain's superoxide dismutase (SOD), catalase (CAT), glutathione reductase (GSH), and
lipid peroxidation (LPO) inhibition. Results: During the investigation, root ethanolic extract
significantly decreased vacuous chewing movements, other motor manifestations including
hypolocomotion, and catalepsy. It also significantly enhanced locomotion and rearing in the
open-field test. Additionally, the root extract's capacity to scavenge free radicals was dose-
dependent. The antioxidant action of plant extract is shown by increases in GSH and
antioxidant enzymes like SOD and CAT. Our findings are in line with the usage of Citrullus
colocynthis root extract for Parkinson's disease treatment that has been used traditionally.

Key words: Citrullus colocynthis, Motor manifestation, Tacrine, Biochemical Estimation, Free
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INTRODUCTION

Parkinson's disease (PD) is a progressive, debilitating neurodegenerative disease that often
begins with the gradual loss of dopaminergic neurons in the substantia nigra pars compacta
(SNc). It is a common age-related movement disorder that often appears sporadically [1]. The
pathogenesis of PD remains poorly understood, but emerging evidence implicates various
genetic and environmental factors in the initiation and progression of PD. The multifactorial
etiopathogensis of PD includes mitochondrial dysfunction, excitotoxicity, endoplasmic
reticulum stress, oxidative/nitrosative stress, and inflammation, along with ubiquitin-
proteasome system dysfunction. Altogether, these events lead to the accumulation of abnormal
or misfolded a-synuclein (a-syn) protein [2, 3]. Numerous genetic, biochemical, cellular,
pathological, and molecular studies indicate PD pathogenesis is associated with environments
where a-syn is susceptible to polymerization, aggregation and fibril formation, and propagation
[4]. The a-syn oligomers cause mitochondrial dysfunction and induce endoplasmic stress,
oxidative stress, neuroinflammation, and inhibit proteasomal activity and autophagy. Current
PD treatment options, such as dopamine agonists, cholinesterase, and monoamine oxidase
inhibitors provide only symptomatic relief [5]. Dopamine-based drugs have reduced
effectiveness in relieving symptoms with disease progression. The oligomerization and
fibrillation of a-syn is linked with the onset and progression of PD, and is believed to be a
unique and convincing disease-modification therapeutic strategy for PD, dementia with Lewy
body (DLB), and related a-synucleinopathy [6]. Several molecules including antibodies,
polyamines. heat shock proteins, chaperones and pharmaceuticals have been shown to affect
different forms of a-syn (i.e., monomers, soluble oligomers, protofibrils, or fibrils) and
oligomerization, fibrillation, and clearance. Therefore, targeting «a-Syn aggregation,
oligomerization, fibrillation, and propagation to reduce a-Syn toxicity emerged as an important
therapeutic target for slowing or halting disease progression [7]. But the problem associated
with the current approaches is having number of side effects. To minimize these potential side
effect Scientist all over the searching for alternative natural origin drug which have minimum
side effect and maximum therapeutic efficacy [8]. Many plant products including Citrullus
colocynthis are used as folk medicine for the treatment of PD [9]. To the best of my knowledge
no one any research so far done to explore the scientific evidence of their Anti PD activity.

Several recent reviews and research highlighted the neuroprotective potential of plant extracts
and phytochemicals in PD through antioxidant and anti-inflammatory activities. However,
despite the enormous success of antioxidants (whether of synthetic or natural origin) in
preclinical studies, coenzyme Q10, creatine, and vitamin E either failed or showed marginal
neuroprotection in patients. Recently, a-syn antibodies (PRX002) showed safety in phase 1
studies and were indicated for further phases of clinical studies [10]. Similarly, natural products
(mainly plant extracts and phytochemicals) emerged to specifically target a-syn [11]. This
research, therefore, focuses on the neuroprotective properties and mechanism of action of plant
extracts, extract-based formulations, and plant-derived phytochemicals that target a-Syn
oligomerization, fibrillation, aggregation, and toxicity in various experimental PD models. The
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present aim of the study was to evaluated anti Parkinson's potential of methanolic root extract
of Citrullus colocynthis in Experimental animals.

MATERIALS AND METHODS

Animals

The Institutional Animal Ethics Committee (IAEC) of our institution gave its approval to the
experimental protocol. Wistar rats (150-200 g) were housed in groups of six (n = 6) and kept
in a controlled environment with a temperature and humidity range of 25+2°C and 55-65%.
Rats were fed a regular rodent diet and were given access to unlimited amounts of water. Prior
to the experiments, rats spent 7 days becoming used to the lab environment. Between 8:00 and
15:00 hours, all studies were conducted in a room with no background noise. Each series of
tests used distinct groups (n-6) of rats.

Test Herb

In the months of November 2021, 2 kg of Citrullus colocynthis roots were procured from the
districts of Haridawar (U.K) and Meerut (U.P). The roots were water-washed, then air-dried at
room temperature in a shaded area. The roots were somewhat coarsely ground into a powder
and placed in an airtight container for storage. The Soxhlet apparatus was used for the
extraction. Heat from the bottom flask causes the extraction solvent to evaporate into the
sample vial, condense in the condenser, and drip back. The process is then continued once the
liquid content is drained into the bottom flask by the syphon arm (Amid et al., 2010). Following
that, the solvent was expelled under lower pressure until a resinous extract was produced. The
overall quantitative yield of the extract, which was 15.22% (w/w) in colour, was golden brown.
Following pharmacognostical standardisation for the detection of secondary plant metabolites,
methanolic extract was discovered to contain alkaloids, flavonoids, saponins, and glycosides.
ABTS assay

Procedures for this test were carried out as per (Re et al., 1999) After diluting 10 mg of ABTS
into 2.6 ml of potassium persulfate solution, the final concentration was 7 mM. (2.45 mM).
The mixture was left out in the dark and at room temperature for 12 to 16 hours before being
used. For both off-line and online testing, ABTS was diluted to an absorbance of 0.70 0.02 and
kept indefinitely. After diluting the PSR extract by a factor of three, three millilitres of the
ABTS solution were added to one millilitre of the mixture and the mixture was kept at room
temperature and out of the light for sixty minutes. The absorbance was checked at 734 nm [12].
Tacrine Induced Vacuous Jaw Movement

The anticholinesterase inhibitor tacrine is given to people with early and late onset Alzheimer's
disease as a kind of therapy in order to improve memory function in these patients.
Bradykinesia, stiffness, and tremor are only some of the parkinsonian side effects that might
be caused by this. Ott and Lannon's research shown that L-3,4-dihydroxyphenylalanine might
ameliorate some of the symptoms of Parkinson's disease caused by tacrine ( L - DOPA ).
Cholinergic medications may cause tremors in the jaw, which is one of the motor effects they
have (also known as VCM or purposeless chewing). These are characterised as brief, vertical
deflections of the lower jaw that mimic chewing but are unconnected to any external stimuli.
These movements may be seen in people who have TMJ (temporomandibular joint disorder).
They have some of the characteristics that are associated with human Parkinson's disease
symptoms. Medications that treat Parkinson's disease have the capacity to lessen the tremors
in the jaw that are caused by tacrine (Cousins MS, Carriero et al., 1997). There were a total of
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four groups of rats, and each group consisted of three rats. Orally administered vehicle and
extract at a dose of 200 mg/kg were given to the rats one hour before to the intraperitoneal
administration of tacrine at a dose of 2.5 mg/kg. Vitamin E at a dose of 10 milligrammes per
kilogramme taken orally was utilised as a benchmark. After being injected with tacrine, rats
were placed for observation in a Plexiglas cage measuring 22 by 22 by 22 centimetres for a
period of ten minutes. An observer who was unaware of the therapy was tasked with the
responsibility of tallying the amount of orofacial bursts and vacuous chewing motions (VCM)
(OB) [13].

Assessment of Locomoter activity

The effect of Methanolic root extract on movement was measured using open-field equipment.
The impact on catalepsy was measured over the course of three hours at 30-minute intervals
using the bas test [ 14].

Biochemical Estimation

On the fifth day, once the catalepsy measurement was completed, the animals were murdered
soon thereafter. After the brains were removed, the forebrain was dissected, then it was washed
with isotonic saline, and then it was weighed. In order to homogenise the material, 0.IN HCL
was utilised. After using a 0.IM phosphate buffer with a pH of 7.4 to make a tissue homogenate
that was 10% (w/v), the mixture was centrifuged for an hour and a half at 4 degrees Celsius
[15, 16]

Measurement of Superoxide Dismutase Activity

The SOD assay was based on the enzyme's ability to block the natural conversion of adrenaline
to adrenochrome. We monitored minute-to-minute fluctuations in reagent optical density as
measured at 480 nm and compared them to those seen in a blank. Findings are shown in terms
of superoxide dismutase activity units (milligram per protein) [17]. One unit of SOD activity,
or SOD activity, partly inhibited adrenaline. The data was presented as nmol SOD U per mg of
fresh tissue (Flohe, L., 1984).

Measurement of Catalase Activity

Methods described by Beers and Sizer were followed for the CAT activity test. Two millilitres
of phosphate buffer (pH 7.0), one millilitre and a half of hydrogen peroxide (0.019 M), and a
half millilitre of supernatant made up the 3 millilitre final volume of the reaction mixture.
Absorbance was monitored at 240 nm at 10-second intervals for a full minute. CAT is measured
in units of how much of the enzyme is required to break down one millimoles of peroxide per
minute at 25 degrees Celsius and pH 7.0 [18]. The data was shown in CAT activity units
(milligram per protein). Based on the H202 standard curve, activity units were determined.
The results were presented as catalase U per mg of fresh tissue (Beers R., Sizer 1., 1952).
Estimation of Reduced Glutathione

Ellman's technique was used in order to get an accurate reading on GSH. The next stage
included adding Ellman's reagent to the homogenate that had previously been centrifuged with
10% trichloroacetic acid. The formulation called for 19.8 mg of 5.5-0 dithiobisnitro benzoic
acid to be dissolved in 100 mL of 1.0% sodium citrate and 3 mL of phosphate buffer with a pH
of 8.0. The shadow that was produced had a wavelength that was 412 nm [19]. The findings
were expressed as the number of nanomoles of GSH present per milligramme of water-
containing tissue (Ellman GL., 1959).

Estimation of Lipid peroxidation
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The Niehaus and Samuelsson method was used in order to ascertain the level of lipid
peroxidation present, which was evaluated based on the production of thiobarbituric acid
reactive compounds (TBARS). The gist of the situation is that the mixture of 0.1 millilitres of
homogenate (in Tris-HCI buffer, pH 7.5) and 2 millilitres of the TBA-TCA-HCI reagent (1:1:1)
(thiobarbituric acid 0.37%, 0.25N HCI, and 15% TCA) was heated in a water bath for 15
minutes. The reaction was carried out at a temperature of 7.5. The mixture was allowed to cool
before being centrifuged at room temperature for ten minutes using a g-force of one thousand
grammes. In order to estimate the absorbance of the clear supernatant at 535 nm, a comparison
was carried out with a blank standard [20]. The results were expressed as the amount of LPO
nanomoles contained in one millilitre of wet tissue(Niehaus WG, Samuelsson B., 1968).
Membrane stabilizing Effect

Blood was collected from healthy participants, spun at 3000 rpm for five minutes, and then
washed three times with normal saline solution before being used. After measuring its volume,
blood was reconstituted as a 40% (v/v) suspension in a sodium phosphate buffer (10 mM, pH
7.4) containing 0.2 grammes of NaH2PO4, 1.15 grammes of Na2HPO4, and 9.0 grammes of
NaCl per litre [21].

Heat induced Haemolysis

One millilitre of test sample in various concentrations (100-500 g/ml) and one millilitre of a
10% RBC suspension made up the reaction mixture (2 ml); the control test tube's only addition
was saline. Aspirin was a widely prescribed medication. The reaction mixture in each
centrifuge tube was incubated for 30 minutes at 56 ° C in a water bath. The tubes were cooled
under running water after the incubation period. Centrifuging the reaction mixture at 2500 rpm
for 5 minutes allowed the supernatants' absorbance to be measured at 560 nm. For each test
sample, the experiment was run in triplicate (Chopade AR, Somade PM, Sayyad FJ., 2012).
Following is how the percentage inhibition of hemolysis was determined: Percentage
inhibition = (Abs control - Abs sample) X 100/Abs control [22].

Toxicity studies of the Methanolic extract

The method recommended by the Organization for Economic Cooperation and Development
was used to test acute oral toxicity (OECD). Six groups of rats (n-6) were kept on a fast with
only water available, and a methanolic extract of the entire plant
(50,100,150,200,300,400mg/kg/day) was given orally for four days. The rats were then
monitored for mortality as well as any behavioural changes for evaluation ( OECD, 2001) [23].
Histopathological examination

Following fixation, tissues were dehydrated in escalating alcohol grades and embedded in wax
in accordance with standard procedure. After being cut into 57 um thick paraffin slices, they
were stained with hematoxylin-eosin in accordance with Humanson's instructions [24, 30-34].
Statistical Analysis

With respect to the tacrine group, all results were reported as MEAN SD at n = 3 (3 animals
per group), one-way ANOVA was followed by the Bonferroni test, and P 0.001 was calculated.
RESULTS

Total flavonoids content estimation

4 ml (75g/1) of sodium carbonate and 1 ml of extract in methanol were combined with 5 ml of
the Folin-Ciocalteu reagent (previously diluted with distilled water 1:10 v/v). The mixture was
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vortexed for 15 seconds before being left to stand for 30 minutes at 40°C to develop the colour.
In order to determine the absorbance, a spectrophotometer was used at 765 nm.
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Figure 1: Estimated total flavonoid content graph

Using the equation based on the calibration curve: Y-0.040X + 0.009, R2-0.999, where X is the
absorbance and Y is the quercetin equivalent, the total flavonoid content was determined as
quercetin equivalent (mg/g) (QE). It was discovered that the total flavonoid content was 2.21
Eq. to quercetin mg/100 mg of dry extract.4.2 ABTS Assay Results

According to Re et alinstructions, .'s an ABTS assay was conducted. The results are shown in

Figure 2.
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Figure 2: Plot of ABTS + Assay

The percentage of Radical Scavenging Capacity increased with time and concentration. At 20
minutes and 1 mg/ml, the radical scavenging capacity was found to be 58.53%.

Using the formula (1-Ab/A0) 100%, the scavenging capacity was determined. The calculation
for the scavenging capacity was (1 - Ab/ A0) 734 nm; A0 is the absorbance of ABTS + without
sample added at 734 nm. Only at 20 minutes and for a concentration of 1 mg/ml were the results
expressed as Trolox equivalent antioxidant capacity (TEAC).

Effect on Tacrine - induced Orofacial dyskinesia

Throughout the entire observation, all groups excluding the control group experienced an
increase in bursts and jaw movements. Despite a considerable reduction in bursts and jaw
movement compared to the tacrine control group in the extract-treated group (Group IV) given
in Figure 3.
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Figure 3: Effect on Tacrine - induced Orofacial dyskinesia
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All the data represented as MEAN =+ SD at n - 3 (3 Animals per group), One way Anova
followed by Bonferroni test, P < 0.001 compared to the tacrine group.
Following a five-day course of alternate-day tacrine treatment, locomotor activity was
considerably (P 0.05) reduced. Vitamin E (10 mg/kg) and a methanolic extract of Citrullus
colocynthis roots (200 mg/kg) were used as a pretreatment to dramatically reduce the effects
of tacrine-induced hypolocomotion [Table 1].
Table 1: Effect on Locomoter Activities

S.N | Locomoter Vehicle Tacrine Vit. E + T.I. Extract 200
activities induced (T.L.) +T.I.

1 Squares traversed 42.01+0.03528 | 13.33+0.1693 | 19.89+1.111* 15.72+1.042*

2 Rearing effect 11.724+0.7748 | 1.887+£0.4390 | 10.23+0.6934* | 7.207+0.5477*

All the data represented as MEAN + SD at n=3 ( 3 Animals per group ) , One way Anova
followed by Bonferroni test , * P < 0.05 compared to the tacrine group .
Rats exposed to tacrine developed a time-dependent catalepsy. Tacrine-induced catalepsy was
greatly reduced when the roots of Citrullus colocynthis were extracted in methanol (200 mg/kg)
and supplemented with vitamin E (10 mg/kg) [Table 2].
Table2: Effect on Tacrine Induced Catalepsy

S.N

Treatment

Duration of catalepsy ( seconds)

0 min | 30 min

|60 min | 90 min | 120 min | 150 min | 180 min
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1 Vehicle 2.067+ | 2.050+0.0 | 3.617+0. | 2.917+0. | 2.917+0. | 3.133+0. | 2.867+0.0

0.0881 | 7638 1641 1352 1352 1202 9189
9
2 | Tacrine 3317+ | 125.342.7 | 179.742. | 139.6=1. | 123.1%3. | 93.05£1. | 78.12%1.1
induced | 0.2242 | 81 447 626 742 789 59
(T.L)
3 | Vit E+T.L | 2.587+ | 128.0£1.5 | 128.01. | 112.5£0. | 99.70+0. | 89.58%1. | 77.77+1.5
0.2136 | 65 565 4684 | 9363 123 16
4 | Extract 2.955+ | 114.8£1.0 | 130.142. | 124.4%1. | 112.0£2. | 98.42+1. | 80.8620.7
200+T.L | 0.0566 | 79 232 598 170 653 093
7

All the data represented as MEAN + SD at n - 3 ( 3 Animals per group ) , One way Anova
followed by Bonferroni test , P <0.002 compared to the tacrine group .

Biochemical Estimation

In the current study, Tacrine-treated animals showed an increase in lipid peroxidation levels
and a decrease in GSH and protective antioxidant enzymes like SOD and CAT, which may
indicate the generation of free radicals. Previous research has also shown that the oral
dyskinesia brought on by tacrine and oxidative stress are closely related. These elevated levels
of lipid peroxidation were reduced by treatment with vitamin E (10 mg/kg) and a methanolic
root extract of Citrullus colocynthis (200 mg/kg). Additionally, it raised levels of GSH and
defense-related enzymes like SOD and CAT, indicating that its potential antioxidant action may
be helpful in the treatment of Parkinsonism mention in Table 3.

Table 3: Results of Biochemical Estimation

S.N | Biochemical Vehicle Tacrine ( T.I. ) | Vit E+ TI. Extract 200+
Estimation induced T.I.
1 Superoxide 2.837+0.09708 | 1.247+0.1608 1.768+0.1540%* | 1.450+0.2124*

dismutase  activity
(W/mg of wet tissue)

(W/mg of wet tissue)

2 Catalase activity | 7.908+0.1175 | 3.233+0.1215 4.182+0.1776* | 3.283+0.1295*

(nmol/mg of wet
tissue)

3 Reduced Glutathione | 14.36+0.1564 | 8.138+0.1423 13.28+0.1313* | 9.522+0.1531*

(uM/mg  of wet
tissue)

4 Lipid peroxidase | 1.217+0.06059 | 14.13+0.04542 | 5.625+0.1459* | 7.202+0.1809*

The observations are mean + SEM (n=6) , #P <0.05 compared to vehicle , P <0.05 compared
to tacrine ( T.1. ) treated group ( one - way ANOVA followed by Dunnett's test )

Membrane stabilizing Effect

The erythrocyte membrane was effectively preserved against lysis brought on by heat when the
Methanolic extract of Citrullus colocynthis roots was used in a study on membrane stabilisation
activity. The RBCs were also significantly protected (p 0.01) by aspirin (200 mg/ml) from the
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harmful effects of heat and hypotonic solution. When compared to a control sample, the
Methanolic extract showed a 67.70 1.049% inhibition of heat-induced hemolysis at a
concentration of 100 g/ml (Table 4).

Table 4: Membrane stabilizing activity, Data obtain from UV Absorbance at S560mm

S. No. Negative control Positive control | Test (100pg/ml) | Test (200ng/ml)
(Aspirin 100pg/ml)

1 2.1281 1.7460 2.0672%* 1.9581*

2 2.0129 1.7389 2.0129* 1.9444*

3 2.1441 1.7800 2.0603* 1.9577*

Mean 2.095+0.041 1.755+0.012 2.080+0.0.65 1.953+0.0045

All the data represented as MEANE SD at n - 3 ( 3 Absorbance per sample ) , One way Anova
followed by Unpaired t test , * P < 0.0002 compared to the Negative control group .

Toxicity profile of the plant extract

None of the test animals exhibited any abnormal behaviour after receiving an extract dose of
400 mg/kg. Throughout the test period, no mortality was discovered.

Histopathology

Cell degeneration was calculated using hematoxylin and eosin staining. Neuronal cells stained
with H&E were quantified in the surface of the substantia nigra. Each midbrain section was
viewed at low power (x10 magnification) and the outlines of SNpc were determined.
Histological assessment demonstrated that control group’s rats showed normal SNpc neurons
whereas tacrine treated rats showed marked neuronal degeneration. In comparison to the
tacrine group, the control group had a higher mean number of SNpc neurons. When compared
to the tacriine group, pharmacological treatment with a methanolic extract of Citrullus
colocynthis (200 g/ml), vitamin E therapy, increased the number of SNpc dopaminergic
neurons by a higher percentage and decreased neuronal degeneration.
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Figure 4: Histopathological changes in the mid brain of rats: (A) Control section showing
normal histoarchitecture. (B) Rats treated with tacrine with prominent degeneration of
neurons. (C) Rats treated with tacrine and Vitamin E. (D) Rats treated methanolic extract
of Citrullus colocynthis. Sections stained with haematoxylin and eosin x10.
DISCUSSION AND CONCLUSION

Cucurbitacins and cucurbitacin E are Citrullus colocynthis primary phytochemical
components. Cucurbitacin 1 2-0-B-D glucopyranoside, Cucurbitacin L 2-0-B-D
glucopyranoside, and Cucurbitacin J 2-0-B-D glucopyranoside are all colocynthosides A and
B. Isosaponarin, isovitexin, and isoorientin 30-O-methyl ether, p-hydroxy-benzoic acid,
catechin, myricetin, quercetin, and kaempferol are phenolic acids and flavonoids. Tocopherols-
a - tocopherol, y - tocopherol and B carotene and Alkaloids-choline and two unidentified
alkaloids (Al - Snafi AE., 2016). In recent years, studies of CC are mainly focused on its
therapeutic potential of other disease, for example, anticonvulsant activity [25], anti-diabetes
activity [26, 27], anti-DNA damage [28], antilnflammatory and analgesic activities [29, 35-
40]. In our study, we found CC had the protective effect against PD model in vitro and in vivo
for the first time. In the present study we have evaluated the preventive action of Methanolic
root extract of citrullus colocynthis on Motor Manifestation in Parkinson's disease by using
tacrine induced orofacial dyskinesia. In our study, there was a consistent decrease in jaw
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movements and bursts due to the presence of various anti-oxidant principles like quercetin and
other flavonoids and tocopherols. The free radical scavenging properties of the extract may
significantly prevent the motor manifestation in early stages of Parkinson's disease. The herb
has many other active principles like glycosides and alkaloids which may also produce the
synergic effect in preventive this root extract. Previous studies have also demonstrated the
Tacrine-induced oral action dyskinesia to be closely associated with the oxidative stress.
Treatment with Methanolic root extract of Citrullus colocynthis increased levels of lipid
peroxidation. Additionally, it raised levels of GSH and defense-related enzymes like SOD and
CAT, indicating that its potential antioxidant effect may be helpful in the treatment of
Parkinsonism. In histopathological study, substantia nigra showed neuronal degenerationin
tacrine group whereas showed better result with no swelling in treatment group, it was show
significant effect when treated with methanolic extract. In summary, these findings
demonstrated that CC may be utilized as a neuroprotective agent that inhibit autophagy-
associated cell death, which would exploiting CC as a new candidate drug in the treatment of
PD.

CONCLUSION

We think that the methanolic extract of Citrullus colocynthis roots' ability to prevent
Parkinson's disease motor manifestations is a result of its capacity to scavenge free radicals and
maintain membrane stability. Our findings support the conventional usage of Citrullus
colocynthis root extract for the treatment of Parkinson's disease.
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