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ABSTRACT

Parkinson's disease is a persistent neurological disorder that could potentially arise from the
neuronal degeneration responsible for dopaminergic signals in the brain. Extrapyramidal syndrome,
which is distinguished by motor dysfunctions including tremors, rigidity, and postural instability, is the
defining feature of this disease. One of the contributing factors to the development of Parkinson's
disease is drug-induced parkinsonism, which is precipitated by the administration of antipsychotic
medications. The bioactive compounds myristicin, eugenol, and flavonoids found in nutmeg
(Myristica fragrans Houtt.) have the potential to be utilized in the treatment of Parkinson's disease.
The objective of this research endeavor was to ascertain the antiparkinsonian effect of ethanol extract
of nutmeg on rodents with Parkinson's disease induced by haloperidol. A seven-day course of
induction with haloperidol 1 mg/kg was administered intraperitoneally. Behavioral evaluations were
conducted utilizing the cylinder and rotarod tests. Cylinder score and latency time were utilized to
evaluate extrapyramidal symptoms. The therapeutic approach involved the oral administration of
ethanol extract of nutmeg in varying concentrations (5, 10, and 20 mg/kg) over a period of seven days.
The findings indicated that the administration of nutmeg at a rate of 20 mg/kg resulted in noteworthy
enhancements (P < 0.05) in the motor function of animal models induced by haloperidol. Furthermore,
this effect was comparable to that of the standard drug Pramipexole.
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INTRODUCTION

Parkinson's is a progressive neurodegenerative disease that manifests through both motor
and non-motor symptoms (Hayes, 2019; Malaiwong et al., 2019). The prevalence of
Parkinson's disease increases with age, affecting around 1-3% of sufferers over 60 globally
(Ball et al., 2019). One of the causes of Parkinson's is the use of antipsychotic drugs (Drug-
Induced Parkinsonism), which arise due to extrapyramidal side effects through dopamine
receptor blockade (Grubor et al., 2020). Clinically, this condition is characterized by akinesia,
tremors, bradykinesia, muscle rigidity, and postural instability that appear within days or
weeks after the use of antipsychotic drugs (Erjavec et al., 2022).

Drug-induced Parkinson's (DIP) is the second-most basic etiology of parkinsonism in the
elderly (Kabra et al., 2020) and is the most common type of Parkinsonism in the productive
age group, with the youngest being 39 years old. DIP occurs in 11 of 15 cases of
Parkinsonism (Jeong et al., 2021). Haloperidol is a typical antipsychotic that has stronger
extrapyramidal effects than atypical antipsychotics. The increase in Parkinsonism due to
extrapyramidal effects can trigger an increase in the prevalence of Parkinson's disease in the
productive age group in Indonesia.

In psychiatric treatment, antimuscarinic antiparkinsonian medicines are commonly used to
alleviate extrapyramidal motor symptoms caused by neuroleptic antipsychotic medications.
However, when used in conjunction with antipsychotics, antimuscarinic antiparkinsonian
agents have been reported to antagonize the therapeutic effects of neuroleptics; there have also
been several reports of antimuscarinic antiparkinsonian agents actually causing various
psychotic syndromes, elevated mood and stimulant effects, stereotypy, dyskinesia, and
behavioral agitation. Extensive data has demonstrated that antimuscarinic antiparkinsonian
medicines have the additional effect of acting as strong, indirect dopamine-agonists Vaiman et
al., 2022. Antiparkinsonian alternatives are needed for safe antipsychotic adjunct therapy for
patients with psychotic disorders. Many naturally derived medicines are now being researched
for parkinsonism.

Indonesia has a biodiversity of plants that have the potential to be used as medicinal plants,
one of which is nutmeg. Nutmeg (Myristica fragrans Houtt.) contains secondary metabolites
of alkaloids, saponins, tannins, flavonoids, terpenoids, and essential oils (Noviyandri et al.,
2021). Tannic acid (tannin) and myristicin (essential oil) are secondary metabolites that
possess the potential to exhibit antiparkinsonian actions. Kawano et al. (2020) demonstrated
the mechanism by which tannic acid functions as a dopamine agonist in mice with
experimentally induced colitis. Prior experiments conducted on animals utilizing the Forced
Swim Test (FST) demonstrated that the ethanol extract derived from nutmeg seeds effectively
diminished anxiety levels. The observed impact is linked to the mechanism of inhibiting the
Mono Amine Oxidase (MAO) enzyme, with the chemical believed to be responsible being
Myristisin (Hasanusi et al., 2020). The ethanol extract of nutmeg seeds has been found to
contain 11.17% of the myristicin chemical, as reported by Ghorbanian et al. in (2019). In
addition, nutmeg has been scientifically demonstrated to elevate serotonin (5-HT),
norepinephrine, and dopamine levels in the hippocampus (Plaingam et al., 2017) and
myristicin (essential oil) through inhibition of the monoamine oxidase enzyme (Hasanusi et
al., 2020). This research was to determine the antiparkinsonian effect of an ethanol extract of
Myristica fragrans on haloperidol-induced mice using the rotarod and cylinder tests.
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MATERIALS AND METHOD
Materials
Drugs and chemical
Haloperidol injection (Haldol®), pramipexol tablets (Sifrol®), and other chemicals used in this study
were procured from Sigma-Aldrich.

Methods
Extract preparation

Nutmeg (Myristica fragrans Houtt.) was purchased from Ungaran, Semarang Regency, Central
Java. A fine powder is obtained by grinding dried nutmeg. The powder was extracted using the
maceration method, and the sample was soaked in 96% ethanol solvent for 3 x 24 hours at room
temperature. The ethanol extract of nutmeg (EEN) is filtered using Whatman filter paper and then
concentrated using a rotary evaporator at a temperature of 40°C.

Phytochemical screening

The prepared nutmeg ethanol extract was put to different qualitative tests according to the color
assay procedure to evaluate the presence of phytochemical components such as saponins, flavonoids,
alkaloids, tannins, and saponines.

Animals

The animals used were mice of the Balb/C strain obtained from the animal experimental laboratory
of the Semarang Yayasan Pharmacy College of Pharmaceutical Sciences, which weighed 20-40 g. All
animals were kept in a room heated to 25-30 degrees Celsius and kept on a 12/12 hour light-dark
cycle. The animals were acclimatized for 7 days, had free access to water, and were not overfed in any
way besides the regular fare. The procedures and methods in this research have been approved by the
ethics committee of the Semarang Yayasan Pharmacy College of Pharmacy with number 375/YP-
NA/KEPK/STIFAR/EC/ V/2022.

Experimental design

We picked six groups of mice at random. Group 1 was a normal group that got CMC-Na solution
instead; Group 2 was a negative control group that got haloperidol intraperitoneally and CMC-Na
solution (as a vehicle) orally; Group 3 was given intraperitoneal haloperidol and 0.5 mg/kg
pramipexole solution orally as a positive control group; and finally, Groups 4, 5, and 6 were given
haloperidol and ethanol extract of nutmeg, respectively 5, 10, and 20 mg/kg orally. Mice were induced
by administering 1 mg/kg haloperidol intraperitoneally every day from day 1 to day 7. The induction
dose and duration are determined according to the methodology described by Saeed (2017). During
induction, extrapyramidal effects were observed 45 minutes after the injection of haloperidol. Nutmeg
ethanol extract and pramipexole were intentionally given every day for a week from day 8 to day 15.
The changes in motor condition were determined on day 15 with rotarod and cylinder scores.

Motor coordination test

The test animal is placed on a rotarod device with a maximum observation time of 300 seconds and
a speed of 10 rpm for the rotarod test. Before beginning therapy, each mouse was trained to adjust to
the rotarod equipment. For the three experiments, the average time (fall latency) was obtained.

Locomotor activity test

The cylinder test is carried out in an acrylic tube of a certain size. Observations were carried out for
3 minutes in a dark and quiet environment. The score in the cylinder test analysis is obtained from the
ability of the test animal to lift its two front arms, touch the cylinder wall, and land, which is observed
via video recording at a speed of 0.5x slower.
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Data Analysis
Standardized mean values were reported with a margin of error. The data was analyzed using one-
way ANOVA and LSD post hoc test.

RESULT AND DISCUSSION

Bioactive compounds from nutmeg were extracted by maceration in 96% v/v ethanol solvent and
produced a yield of 29.98%. The results of phytochemical screening and TLC from ethanol extract of
nutmeg (EEN) showed the presence of several bioactive contents such as flavonoids, triterpenoids and
essential oils (Table 1).

Table 1. Phytochemical screening of ethanol extract of Nutmeg (Myristica fragrans Houtt.)

Phytochemical Observation
Flavonoids +
Tannin -
Saponin -
Triterpenoid +
Steroid -
Essential oil +

(+) present; (-) absent

Phytochemical tests reveal that nutmeg extract includes flavonoid chemicals, as evidenced by the
production of a red colour in the amyl alcohol layer. According to Harborne (1984), the Liebermann-
Bucchard method is used to determine the terpenoid or steroid content of plants, with terpenoids
appearing orange and steroids appearing blue or purple. The reaction of nutmeg extract with the
Liebermann-Bucchard reaction yielded a purple colour, indicating the presence of triterpenoid
chemicals. Thin-layer chromatography tests of nutmeg extract to detect essential oils revealed the
presence of red stains on silica plates. These findings support the presence of essential oils in nutmeg
extract. The result of phythochemichal screening of EEN allign with previous study by Sultan et al.
(2023) which also verified the existence of essential oil, flavonoids, and triterpenoids in nutmeg.
Geographic region and environmental factors play an imperative role in forming the phytochemical
composition (Vignesh et al., 2024).

The rotarod and cylinder tests were used to measure the antiparkinsonian effect by watching how
the test animal’s motor skills changed. Impaired motor function is the main symptom of Parkinson's
disease. The rotarod test is used to measure motor performance, including motor coordination, in
animal models of Parkinson's disease (Leem et al., 2022). The assessment of latency time obtained
from the lenght of time the animal model persist on the rotarod device in rotating condition until it
falls down.

The results of observing the latency time (Figure 1) show that haloperidol induction causes a
decrease (p < 0.05) in the motor coordination of mice. Muscle stiffness in the limbs is the most
common sign in Parkinson-like syndrome, which makes it hard for the animal to move its body.
Muscle weakness in the legs, tremors, and muscle stiffness are associated with neurodegeneration and
basal ganglia dysfunction (Skinner et al., 2019; Saleem et al., 2021). The selective loss of
dopaminergic neurons in the substantia nigra pars compacta (SNpc) as well as oxidative stress due to
a-synuclein (Lewy body) aggregation and mitochondrial dysfunction (Harris et al., 2020; Saleem et
al., 2021) cause neurodegeneration in Parkinson's disease. Mice with healthy motor conditions were
able to survive for a long time beyond the testing time. On the other hand, mice with decreased motor
conditions will fall faster than the specified time (Yulianita, 2019).
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Figure 1. Latency time of haloperidol-induced parkinson's mice after administering ethanol
extract of Nutmeg (Myristica fragrans Houtt.). The values are mean = SEM; n =5; *p <
0.05 when compared with the normal group; * p < 0.05 when compared with the negative
control group

Haloperidol causes dopamine to be metabolized to 3,4-dihydrophenylacetic acid by the oxidation of
the enzyme monoamine oxidase (MAO) and hydrogen peroxide. Increasing the amount of hydrogen
peroxide causes oxidative stress and triggers extrapyramidal side effects (Saleem et al., 2021).
Extrapyramidal symptoms include decreased motor conditions such as stationary tremor, bradykinesia,
and postural instability (Hayes, 2019). Twenty to forty percent of people who take antipsychotics also
have Parkinson's signs. These symptoms often start slowly, and most of the time, they start within a
few days of starting antipsychotics. The intensity of symptoms can vary. They may get better on their
own or get worse over time (D'Souza & Hooten, 2023).

In Figure 1, a slight increase in the latency time on negative control indicates the possibility of
improvement, even if the statistics do not support it. After 7 days of therapy, it was revealed that only
EEN 20 mg/kg resulted in a substantial increase (p<0.05) in latency time when compared to the
negative control group.

Although Parkinson's disease is frequently associated with motor symptoms such as stiffness and
poor balance, the early signs are often sensory, such as a loss of touch and scent. Sensory impairment
can eventually lead to motor abnormalities via the sensorimotor integration process (Ketzef, 2017).
The cylinder test is used to assess the antiparkinsonian effect through behavioral changes, specifically
the tendency of the rodent's forelimbs to be used (Magno et al., 2019; Jiang et al., 2019) by placing
the test animal in a glass cylinder and counting the number of times it uses both forelimbs and
touches the cylinder walls. Sensorimotor disorders are linked to these behavioral abnormalities.

Pramipexole is a class of first-line drugs for Parkinson's disease therapy. This drug has mechanism
as partial dopamine receptor agonist that acts on D2 receptors with preferential affinity for D3
receptors. As a partial agonist, pramipexole can unblock D2 receptors in the substantia nigra and
striatum that have been blocked too much. This is why this drug is also used to treat extrapyramidal
side effects (Weng et al., 2019).

The presence of spesific bioactive compound in nutmeg can offer assistance in managing
Parkinson’s disease. Flavonoid, triterpenes and essential oil as neuprotective agents, protect the
dopaminergic neurons by reducing oxidative stress and neuroinflammation generated by the disease
(Devi et al., 2021), against dopaminergic cell death and ameliorating the behavioural impairement
in Parkinson’s disease animal model (Spisni et al., 2023). This activity is attributed to the
inhibition of monoamine oxidase (MAO) and the regulation of neurotransmitters, including
dopamine, norepinephrine (NE), and serotonin (5-HT), inside the substantia nigra (Khazdair et al.,
2020).
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Figure 2. Cylinder score of haloperidol-induced parkinson’s mice after administering ethanol
extract of Nutmeg (Myristica fragrans Houtt.). The values are mean = SEM; n = 5; *p <
0.05 when compared with the normal group; * p < 0.05 when compared with the negative
control group

In this current study, the antiparkinsonian effect of nutmeg was proven, and it is suspected that
several of its bioactive compounds play a role in providing the effect through various mechanisms.
Further research is needed to determine more specific bioactive compounds that provide
antiparkinsonian effects in isolated form, accompanied by brain histopathology and measurements of
dopamine neurotransmitter levels in brain samples from test animals.

CONCLUSION

The administration of a 20 mg/kg dose of ethanol extract derived from nutmeg (Myristica
fragrans Houtt.) has been found to ameliorate the motor condition of mice with Parkinson's disease
induced by haloperidol. This improvement is evidenced by an increase in both latency time and
cylinder score.
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