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Abstract

An aromatic spice sourced from the seeds of a tropical evergreen tree native to the Banda Islands of Indonesia, nutmeg
(Myristica fragrans) has been admired for millennia for its cookery and its many therapeutic uses. Nutmeg has long been
used in traditional medical systems such as Unani and Ayurveda for severe gastrointestinal and neurological disorders.
Modern medical research developments are now supported by scientific evidence for these customary applications.
Based on many therapeutic values, including antioxidant, anti-inflammatory, antimicrobial, analgesic, carminative, and
neuroprotective, nutmeg has risen as a prospective natural compound. Most of these advantages are ascribed to the
many bioactive compounds, including myristicin, elemicin, eugenol, and sabinene, present in it. These plant compounds
have been discovered to regulate several biochemical systems, lower oxidative stress, fight microbial infections, and
improve cognitive function. The pharmacokinetic and pharmacodynamic properties of the active ingredients of nutmeg
are discussed in depth in this review, emphasizing their mechanisms of action and possible medicinal uses.
Furthermore, it integrates data from many different types of research, including in vitro studies, animal models, and a
small number of clinical trials, to provide a thorough assessment of the therapeutic effectiveness of nutmeg. Moreover,
covered are safety issues, dosage concerns, as well as possible toxicities linked with overconsumption. In general, this
post tries to link modern science and traditional knowledge, providing an updated and comprehensive view of the
medicinal use of nutmeg and its potential as a complementary or substitute therapeutic agent in current medicine.
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1. Introduction

Nutmeg, the dried kernel of the seed from the fruit of the Myristica fragrans tree, occupies a prominent place not only
as a culinary spice but also as a traditional curative agent across various primeval healing systems. Historically valued
in Ayurveda, Traditional Chinese Medicine (TCM), and Unani medicine for its medicinal value, nutmeg is native to the
Banda Islands of Indonesia. Commonly used in these systems to alleviate abdominal problems, improve concentration
and memory, encourage relaxed sleep, and remedy ailments ranging from rheumatism to lung issues (Figure 1) (Bisset
and Wichtl, 2001). Nutmeg’s diverse collection of bioactive compounds forms the source of its therapeutic potential and
medicinal value. Safrole, eugenol, myristicin, elemicin, and several monoterpenes and sesquiterpenes, including
sabinene and a-pinene, are among the most important bioactive compounds (Figure 1 and 2) (Jalil et al., 2021). These
substances have been proven to demonstrate a wide range of biological effects. Rong et al. (2020) note that myristicin
and elemicin have psychoactive properties, whereas eugenol is famous for its antioxidant and antimicrobial abilities.
Furthermore, preclinical studies with nutmeg-derived essential oil show significant analgesic and anti-inflammatory
properties (Nair et al., 2010).
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Figure 1 Medicinal and aromatic benefits of Nutmeg (Myristica fragrans) (Sultan et al., 2023)

Recent studies have further confirmed the age-old assertions regarding nutmeg. By scavenging free radicals and
increasing endogenous antioxidant enzyme activities, studies show that its phytochemicals can provide damage
protection against oxidative stress (Singh et al., 2023). This is especially pertinent in light of the part oxidative stress
plays in the progression of persistent diseases, including cancer, cardiovascular disorders, diabetes, and
neurodegenerative diseases. Nutritionally, nutmeg is believed to inhibit pro-inflammatory mediators like TNF-q, IL-6,
and COX-2, hence affecting immune system activity (Huang et al., 2011). Particularly against Gram-positive bacteria,
fungi, and foodborne pathogens, nutmeg has also been noted for its antibiotic properties.

Figure 2 Biological Activities of Bioactive Compounds in Nutmeg (Myristica fragrans) (Sultan et al., 2023)

Dorman and Deans (2000) revealed that extracts and oils from nutmeg show inhibitory activity against Staphylococcus
aureus, Escherichia coli, and Candida albicans species. Stomach ache and oil from nutmeg may impair species including
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Staphylococcus aureus, Escherichia coli, and Candida albicans. Moreover, early data attest to its neuroprotective
qualities, which would seem to have some medical uses in treating depression, anxiety, and even neurodegenerative
disorders including Alzheimer's (Zheng et al.,, 2018).

2. Chemical constituents of Nutmeg

A tropical evergreen tree, nutmeg (Myristica fragrans) has been widely used in traditional medicine and cooking as a
spice, mainly due to its abundant phytochemical content. Nutmeg's pharmacologic attributes arise from its primary
elements: phenol compounds, essential oils, terpenes, and lignans. Among other volatile compounds in the essential oil
content, generally 5% to 15% of the seed are myristicin, safrole, elemicin, eugenol, alpha-pinene, beta-pinene, sabinene,
sabinene, limonene, and terpineol (Parthasarathy et al., 2008; Jaiswal et al.,, 2009). These compounds produce the
unique smell of nutmeg as well as its antibacterial, anti-inflammatory, anti-inflammatory, and neuroprotective features.
While eugenol is noted for its analgesic and antiseptic qualities, myristicin has been studied for its psychoactive
potential (Lee et al., 2005). Since its many chemical elements give it multiple medicinal properties, nutmeg is a valuable
natural product needing more research for use in present medical practice; it also has non-volatile ingredients, including
lignans, flavonoids, tannins, saponins, and alkaloids that enhance its antioxidant and hepatoprotective activity.
Providing both cosmetic and nutritional value, the fixed oil content of nutmeg has myristic, palmitic, and oleic acids.
Nutmeg is also a source of required minerals including calcium, magnesium, iron, and zinc, which support several
metabolic processes; it has several medicinal qualities. Despite its promising pharmacological profile, nutmeg must be
used with caution. High doses, especially of the volatile oil or isolated compounds like myristicin, can produce
psychoactive and toxic effects, including hallucinations, nausea, and tachycardia (Forrester, 2005). Thus, dosage and
safety considerations remain a critical aspect of its medicinal use. This review seeks to bridge the gap between
traditional ethnomedical applications and modern scientific understanding by exploring the therapeutic potential of
nutmeg. Through a comprehensive analysis of its phytochemistry, pharmacological actions, and mechanisms of efficacy,
this article aims to present an updated perspective on nutmeg as a natural therapeutic agent (Figure 3).

2.1. Antioxidant Properties
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Figure 3 Multifunctional Therapeutic Roles of Myristicin derived from Nutmeg (Sultan et al., 2023)
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Nutmeg displays strong antioxidant properties that are chiefly ascribed to its rich phytochemical content, including
compounds such as phenolics, flavonoids, and lignans (Lee et al., 2016). Lee et al. (2016) show that nutmeg has strong
antioxidant properties, mostly credited to its abundant phytochemical composition, including phenolics, flavonoids, and
lignans. Neutralizing free radicals, which are reactive molecules that cause oxidative damage to DNA, proteins, cells,
liver, is a crucial antioxidant function. Development of several chronic illnesses including cardiovascular disease, cancer,
diabetes, and neurodegenerative disorders has been linked to this oxidative stress (Zhou et al., 2014). In DPPH and
ABTS tests, the methanol extract of nutmeg has shown very free radical scavenging activity similar to that of synthetic
antioxidants like butylated hydroxytoluene (BHT) (Reddy et al., 2017). Furthermore, research indicates that the
antioxidant properties of nutmeg help to control cellular redox balance, therefore improving immunity and delaying
aging processes (Ali et al. 2015). Experimental models show that nutmeg supplementation lowers lipid peroxidation
and restores superoxide dismutase (SOD) and catalase, among other antioxidant enzyme levels, hence suggesting its
protective effects on tissues under oxidative stress (Sharma et al., 2013). These results support nutmeg's potential use
as a dietary antioxidant; its incorporation into functional foods and nutraceuticals might therefore provide a natural
strategy of fighting oxidative damage and otherwise promoting long-term health.

2.2. Anti-inflammatory Effects

Nutmeg has been widely studied for its anti-inflammatory properties, which shoot from its composite blend of bioactive
compounds such as myristicin, elemicin, eugenol, and macelignan (Sahib et al.,, 2012). Although essential for immunity,
chronic activation of inflammatory responses can help connect the pathophysiology of several disorders. By blocking
pro-inflammatory compounds, including nitric oxide (NO), prostaglandins, and TNF-a and IL-6 interleukin, nutmeg has
anti-inflammatory properties (Kumar et al.,, 2015). Indicating its systemic anti-inflammatory activity, experimental
models have shown that nutmeg extract notably reduces carrageenan-induced paw edema and formalin-induced
inflammation in rats (Patil etal., 2013). The mechanism seems to be based on inhibition of NF-kB activation and reduced
expression of COX-2 and iNOS, which are crucial molecules in the inflammatory cascade (Shah et al,, 2011). In in vitro
research, nutmeg oil was discovered to stop the release of histamine and decrease mast cell degranulation, which
strengthens its promise. Particularly for chronic inflammatory diseases like asthma, rheumatoid arthritis, and
inflammatory bowel disease, these properties are of medical significance. As natural remedies become more popular in
integrative medicine, nutmeg might provide anti-inflammatory effects with less stomach side effects, hence being a
better alternative to NSAIDS (Ali et al., 2015).

3. Digestive Health

Modern pharmacological research validates many of the uses nutmeg has traditionally had on several gastrointestinal
problems. The major components of its essential oils, including sabinene, myristicin, and eugenol, show carminatory,
antispasmodic, and gastroprotective qualities (Prajapati et al., 2003). According to Kadam et al., nutmeg improves
nutrient absorption and gastrointestinal motility by activating the release of digestive enzymes and bile salts and hence
aids digestion. Furthermore, nutmeg has been shown to lower flatulence and soothe indigestion symptoms, so it is
helpful in treating functional gastrointestinal disorders. In animal tests, nutmeg extract reduced gastric acid secretion
and boosted prostaglandin E2 levels and mucus production, thereby showing anti-ulcer activity (Singh et al., 2010).
These results show how peptic ulcers might be stopped and treated. Likely thanks to its capacity to lower intestinal
secretions and normalize motility, in addition to its sedative effect, nutmeg has also been shown to have antidiarrheal
properties (Kumar et al,, 2012). Clinical use could also include the treatment of irritable bowel syndrome (IBS) and
inflammatory bowel disease (IBD), although there are no human trials. Its wide range of digestive advantages makes
nutmeg a valuable ingredient in ancient medicine and points to possible future medical uses in modern
gastroenterology.

4. Analgesic and Sedative Effects

Nutmeg has been used in traditional medicine for its pain-relieving and calming effects. These benefits come from
compounds like myristicin, elemicin, and safrole, which affect the nervous system. Some studies suggest that nutmeg
can help with anxiety and mood stabilization by impacting certain pathways in the brain. In experiments with rodents,
nutmeg extract seemed to help them sleep better and fall asleep faster, much like diazepam does. It also showed
potential in reducing pain in tests that measure reactions to heat and discomfort, likely by affecting pain-causing
substances in the body. People have found that applying nutmeg oil can help with muscle soreness and stiff joints
because of its soothing properties. Traditionally, nutmeg paste has been used for headaches, toothaches, and even mild
nerve pain. Even though using too much nutmeg can worry some people, using it in moderation might be a natural way
to deal with anxiety, trouble sleeping, and minor pain. More research is needed to figure out the right amounts to use
and to ensure it's safe for these kinds of treatments (Rao et al., 2010; Gupta & Bhaskar, 2011; Sharma et al., 2014).
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5. Antibacterial and Antimicrobial Activity

Nutmeg has shown some good antibacterial and antimicrobial effects, mainly because of its essential oils like eugenol
and terpineol. These oils can fight off a variety of bacteria, both Gram-positive and Gram-negative. Research shows that
nutmeg oil can stop harmful bacteria like E. coli, Staphylococcus aureus, Pseudomonas aeruginosa, and Salmonella typhi
from growing. This makes it a possible option for treating infections, especially in the skin, gut, and mouth. Nutmeg is
also effective against Helicobacter pylori, which is linked to stomach ulcers and cancer. Its antifungal properties are also
noteworthy, especially against Candida albicans, which can help with issues like oral thrush. Plus, it can be useful in oral
care products since it reduces plaque and bad breath. Some studies even suggest nutmeg could work as a food
preservative by keeping spoilage bacteria at bay. If clinical trials back up these findings, nutmeg could see a wider use
in health care, dental products, and the food industry as a natural antimicrobial option (Thangam & Dhananjayan, 2003;
Shan et al,, 2007; Yadav et al.,, 2013).

6. Cognitive and Neurological Benefits

Nutmeg is getting a lot of attention lately for its potential brain benefits, thanks to compounds like myristicin and
elemicin that might help with mood and brain health. It’s been used for a long time to help with memory and nervous
issues. Myristicin seems to play a role in blocking an enzyme that breaks down dopamine and serotonin, which could
help with mood swings and conditions like Parkinson’s and Alzheimer’s (Dhingra et al., 2006; Koppula & Kumar, 2013).
Some animal studies suggest that nutmeg may help boost learning and memory by reducing oxidative stress in the brain.
Plus, it looks like nutmeg could help prevent the buildup of certain proteins linked to Alzheimer’s. It might also raise
levels of acetylcholine, a chemical that helps with memory and focus. But there's a catch: taking too much nutmeg can
lead to hallucinations and other weird symptoms, so it’s essential to be mindful of how much you use. While the research
so far is promising, we still need more human studies to truly know how nutmeg can safely help with brain health
(Abdullaev & Otmakhova, 2010).

7. Liver and Kidney Health

Nutmeg has shown some good effects in protecting the liver and kidneys in studies with animals, mostly because it has
antioxidant and anti-inflammatory qualities. Research suggests that nutmeg extract can help repair liver damage caused
by harmful substances like carbon tetrachloride and paracetamol by bringing down high liver enzyme levels. These
protective effects seem to come from boosting the body’s own antioxidant systems. Observations from treated animals
show less liver damage and more signs of healing (Rao et al,, 2009). Nutmeg may also help with kidney damage from
medications or oxidative stress. One study found that nutmeg extract lowered urea and creatinine levels, which are
indicators of kidney problems, while also improving antioxidant levels in the kidney tissue. These results point to
nutmeg’s potential in protecting both liver and kidney cells from damage (Suresh et al., 2015). While the animal studies
look promising, we still need to see more research in humans. It’s also important to be careful with the dosage, as high
amounts of myristicin and similar compounds can negatively affect the liver. Overall, nutmeg could be an interesting
option for natural liver protection in future studies.

8. Potential Aphrodisiac

Nutmeg has been used for ages in traditional medicine as a boost for sexual health. Recent studies have backed up some
of these old claims. For instance, tests on animals showed that nutmeg extract increased sexual activity, including more
desire, more frequency, and longer-lasting erections. This might happen by affecting certain pathways in the brain that
are linked to arousal and erectile function, possibly by involving dopamine and nitric oxide (Tajuddin et al., 2003).
Nutmeg can raise testosterone levels in male rats, hinting at its possible hormonal effect. The oils in nutmeg might also
help improve blood flow and reduce tiredness, which could lead to better sexual performance. People usually use it as
apowder or extract, and it's often mixed with other herbs in traditional recipes for enhancing libido (Akhtar et al., 2014).
While these findings are mostly from animal studies, they suggest that nutmeg could help with issues like erectile
dysfunction and low sex drive. We still need human trials to confirm how safe and effective it is, but the early signs show
it could be a natural option compared to synthetic products.

8.1. Challenges and Future Prospects

Despite the extensive information on nutmeg’s pharmacological benefits, there are still some problems that make it
hard to use in regular medicine. There is a lack of human clinical trials to back up what we see in lab and animal studies
(Ravindran et al., 2012; Akhtar et al., 2014). Most of the evidence supporting nutmeg’s benefits, like its ability to fight
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inflammation and protect the brain, comes from experiments that might not reflect how it works in people. Also, there
are worries about toxicity, especially in high doses (Lee et al., 2016). Some compounds in nutmeg, like myristicin and
safrole, can cause issues like hallucinations or liver damage if taken in large amounts. Another challenge is that the
number of beneficial compounds in nutmeg can vary a lot based on how it's grown, where it comes from, and how it’s
processed. This inconsistency makes it hard to ensure that nutmeg products are both effective and safe, which
complicates getting them approved for clinical use. To tackle these issues, future studies should focus on creating
standardized nutmeg extracts and conducting controlled clinical trials to clearly show how safe and effective they are
for people (Shan et al., 2007). There are also new delivery methods, like nano-formulations, that could help improve
how well the body absorbs these compounds and reduce their toxicity. Including nutmeg in functional foods and
supplements could be useful too. For nutmeg to be more widely accepted, researchers, healthcare professionals, and
regulators need to work together. If we can validate its benefits through careful scientific studies, nutmeg could become
a valuable natural treatment option in healthcare (Koppula & Kumar, 2013).

9. Conclusion

Nutmeg is a powerful natural remedy with a spectrum of health benefits. It's packed with plant compounds that can
help fight inflammation, germs, and even aid digestion and sexual health. Most of the studies so far are still in the early
stages, but the results look good and suggest that we need more research to figure out the right doses and safety. Given
its history and the increasing interest from scientists, nutmeg could be a valuable addition to modern health practices.
Just keep in mind that it can have psychoactive effects if you take too much, so it’s wise to be careful. We still need more
studies to tap into all that nutmeg can offer.
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