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Prized medicinal spice true nutmeg is obtained from Myristica fragrans Houtt. Rest spe-

cies of the familyMyristicaceae are known as wild nutmegs. Nutmegs and wild nutmegs

are a rich reservoir of bioactive molecules and used in traditional medicines of Europe,

Asia, Africa, America against madness, convulsion, cancer, skin infection, malaria, diar-

rhea, rheumatism, asthma, cough, cold, as stimulant, tonics, and psychotomimetic

agents. Nutmegs are cultivated around the tropics for high-value commercial spice,

used in global cuisine. A thorough literature survey of peer-reviewed publications, sci-

entific online databases, authentic webpages, and regulatory guidelines found major

phytochemicals namely, terpenes, fatty acids, phenylpropanoids, alkanes, lignans, flavo-

noids, coumarins, and indole alkaloids. Scientific names, synonyms were verified with

www.theplantlist.org. Pharmacological evaluation of extracts and isolated biomarkers

showed cholinesterase inhibitory, anxiolytic, neuroprotective, anti-inflammatory, immu-

nomodulatory, antinociceptive, anticancer, antimicrobial, antiprotozoal, antidiabetic,

antidiarrhoeal activities, and toxicity through in-vitro, in-vivo studies. Human clinical tri-

als were very few. Most of the pharmacological studies were not conducted as per cur-

rent guidelines of natural products to ensure repeatability, safety, and translational use

in human therapeutics. Rigorous pharmacological evaluation and randomized double-

blind clinical trials are recommended to analyze the efficacy and therapeutic potential

of nutmeg and wild nutmegs in anxiety, Alzheimer's disease, autism, schizophrenia,

stroke, cancer, and others.
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1 | INTRODUCTION

Global trend on the use of herbal medicine is on the rise (Ahn, 2017;

Williamson, Liu, & Izzo, 2020). There is an increase in the use of culinary

spice as botanicals for health and wellness and herbal drugs (Chanda,

Kushwaha, & Tiwari, 2011). Nutmeg is an ancient aromatic spice used

almost in every cuisine in the globe (Agbogidi and Azagbaekw, 2013).

Global exporters of nutmegs are Indonesia, Sri Lanka, Vietnam, Grenada,

India, and Netherlands. Nutmeg has a long history of usage in almost all

ABBREVIATIONS: 1,2-DdeHGA, (+)-trans-1,2-dihydrodehydroguaiaretic acid; A-357 cell

lines, epidermal skin cancer; A-549 cell lines, human lung cancer; AChEI, acetylcholinesterase

inhibition; BChEI, butylcholinesterase inhibition; CNS, central nervous system; deHGA,

dehydroguaiaretic acid; EA-6, erythro-austrobailignan-6; EME, eugenol methylether; HD,

hydrodistillation; HT-29 cell lines, human colon cancer; IEME, isoeugenol methylether; iso-E,

isoeugenol; KLAR 5 CB, KLAR 5 endophytic fungus culture broth; MCF-7 cell lines, human

breast cancer; MDHGA, mesodihydroguaiaretic acid; Me-E, methyleugenol; Me-iso-E,

methylisoeugenol; MeO-E, methoxyeugenol; RCT, randomized clinical trial; RDBCT,

randomized double-blind clinical trial; RDBD, randomized double-blind design; SCFE, super

critical fluid extraction; SD rats, Sprague–Dawley rats; TA-5, threo-austrobailignan-5; UDS,

unscheduled DNA synthesis.
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the traditional medicinal systems in the tropical and temperate world

(Gordon, 2020). True nutmeg and mace are obtained from seeds and aril

of Myristica fragrans Houtt. (Sinclair, 1958). Apart from true nutmeg

other species of Myristica, Knema, Virola and other genera of the family

Myristicaceae R. Br. are known as wild nutmegs (Howe and Vande

Kerckhove, 1981; Weiss 2002; Hake et al., 2009; Sheeja et al., 2014;

Maya, Zachariah, Krishnamurthy, Rema, & Krishnamoorthy, 2015;

Audrey et al., 2017; Banik & Bora, 2016; Prabha et al., 2019). Nutmeg

and wild nutmeg fruits possess a single seed covered by juicy red or yel-

low aril (Banik & Bora, 2016; Banik, Bora, Kumar, & Bezbaruah, 2017).

Both mace and nutmeg contain two types of oils as major components,

“nutmeg oil,” and “nutmeg butter” (De Wilde, 2000). Nutmeg oil is used

as a natural flavoring agent in foods, beverages, and the perfumery

industry for topical applications. Nutmeg butter mostly contains

trimyristin, unsaponifiable constituents, resinous material, linolenic,

oleic, formic, acetic, cerotic acids, and others. Trimyristin and its deriva-

tives namely, myristic acid, myristyl alcohol, and glycerol are commer-

cially used in personal care products, food and beverage additives,

preservatives and paints and greases, and so forth (Marcelle, 1995;

Singh et al., 2003). Traditionally, Myristicaceae species had been used in

ethnomedicines and psychotomimetic agents (Alrashedy &

Molina, 2016; Nagano, 2009; Schultes & Farnsworth, 1980). The pre-

sent study was focused to critically review the ethnomedicinal, phyto-

chemical and pharmacological potential, safety, and toxicity of the

nutmegs and wild nutmegs for their contemporary use in herbal thera-

peutics. References were retrieved from books (De Wilde, 2000;

Hooker, 1890; Warburg, 1897), scientific databases namely, www.

pubmedcentral, www.googlescholar, https://www.jstor.org/, https://

www.biodiversitylibrary.org/, Ph.D. thesis (Maya, 2005), webpage

(TKDL, 2001), regulatory guidelines (Federal Register, 2010) using the

keywords namely, Myristicaceae, nutmeg, wild nutmeg, psychotomi-

metic agent, ethnomedicine, phytochemicals, pharmacology, biological

activity as per stated sections, toxicity, clinical trial, industrial uses dur-

ing (1683-April, 2020).

2 | BOTANICAL ASPECTS

2.1 | Taxonomy, description, and geographical
distribution

The nutmeg family Myristicaceae R. Br. nom. Cons. is currently placed

under the order Magnoliales Juss. ex Bercht. and J. Presl., the clades

Magnoliids and Mesangiosperms (Chase et al., 2016). The genus

Myristica Gronov. was described in the 18th century (Gronovius,

1755) followed by Myristica fragrans Houtt., the commercial “true”
nutmeg (Houttuyn, 1774). Trees are tall, straight with characteristic

horizontal branches, occasional knee roots, bark oozing red latex.

Fruits with single seed covered by aril. (Rheede tot Drakestein &

Casearius, 1683; Hooker, 1890; Warburg, 1897; Sinclair, 1961; 1969;

1975; De Wilde, 2000). Nearly 20 genera and 500 species of

Myristicaceae are distributed from Africa to South East Asia, America,

Australia, and New Guinea (Li & Wilson, 2008).

3 | TRADITIONAL USES

3.1 | Psychotomimetic agent

Nutmegs and wild nutmegs were used as natural hallucinogens, nar-

cotics and medico-spiritual agents (Tables 1 and 2). Several species of

the genus Virola namely, Virola calophylla, V. calophyloidea, V. carinata,

V. elongata, and others were used in hallucinogenic snuff, smoke,

vapor, drinks, and oral pellets in ceremonial practices by aboriginal

Amerindians in Central and South America (Schultes, 1969a, 1969b;

Schultes, 1976; McKenna et al., 1984a, 1984b; Martinez & Cuca,

1995). Resins of V. elongata were used as snuff in endocannibalistic

rituals, V. theiodora for oral pellets and arrow poison by Yekwana

Indians (Gottlieb, 1979; Holmstedt et al., 1980; McKenna &

Riba, 2016; Schultes, 1982). Scyphocephalium ochocoa, Pycnanthus

angolensis, and others were used in medico-spiritual treatments

(Quiroz, 2015). However, most of the references lacked information

on the preparation of psychotomimetic formulation, dosage, route,

and duration of administration and others.

3.2 | Ethnomedicine

Nutmeg was documented in Thai, Burmese, Malayan, Vietnamese,

and Indian traditional medicines (Nagano, 2009). It was used in Unani

to treat melancholia and Ayurveda for all types of complications

TABLE 1 Relevant synonyms of the reviewed nutmeg and wild
nutmegs of Myristicaceae

Scientific names Relevant synonyms References

Coelocaryon preussii
Warb.

Coelocaryon klainei

Pierre ex Heckel

www.theplantlist.org

Iryanthera
hostmannii

(Benth.) Warb.

Iryanthera ulei Warb. www.theplantlist.org

Myristica beddomei
subsp. ustulata
W.J. de Wilde

Myristica dactyloides

sensu J. Sinclair

non Gaertn.

(Banik et al., 2017)

Myristica magnifica
Bedd.

M. fatua var.

magnifica (Bedd.)

Sinclair

www.theplantlist.org

Otoba

novogranatensis
Moldenke

Dialyanthera otoba

(Humb. & Bonpl.)

Warb.

Myristica otoba

Humb. & Bonpl.

www.theplantlist.org

Pycnanthus
angolensis

(Welw.) Warb.

Pycnanthus kombo

Warb.

www.theplantlist.org

Virola elongata
(Benth.) Warb.

Virola cuspidata

(Benth.) Warb.

www.theplantlist.org

Virola theiodora
(Spruce ex

Benth.) Warb.

Virola rufula Warb. www.theplantlist.org
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TABLE 2 Ethnomedicinal and psychotomimetic uses of nutmeg and wild nutmegs (Myristicaceae)

Scientific names

Name of the user

country/continents

Health ailments

/indications of use Plant parts used

Mode of

consumption References

Coelocaryon preussii
Warb.

Africa Paralysis, diabetes,

diarrhea, dysentery,

piles, high pressure,

venereal, respiratory

diseases,

psychotomimetic

Ba, See Oral (Akoubet et al., 2017;

Quiroz, 2015)

Compsoneura
capitellata (A.

DC.) Warb.

SE Ecuador, Amazon,

Colombia

Mental disorder,

tranquilizer, erratic

behavior, convulsion,

wounds,

psychotomimetic

Ba, Le Drink (Infusion),

inhalation

(Ballesteros, Bracco, Cerna,

Vita Finzi, &

Vidari, 2016;

Gottlieb, 1979)

Horsfieldia glabra

(Reinw. ex

Blume) Warb.

China, Indonesia,

Thailand

Sores and boils Le, Ba, See N/R (Wiart, 2007)

Horsfieldia irya
(Gaertn.) Warb.

Sri Lanka, Thailand,

New Guinea, India

Pimples, stomach pain,

diarrhea, sore throat,

ulcer, snake bite

La, R, Ba, Fr Oral, Ba.

decoction

(Gargling)

(Banik & Bora, 2016;

Gonzalez et al., 2002; Lu

et al., 2014; Wimalasena

& Karunawansha, 1994)

Horsfieldia kingii

(Hook.f.) Warb.

India Stimulant, mouth sores,

intoxicant, dysentery,

edible nuts

La, Fr, See Oral (Banik & Bora, 2016;

Barukial &

Sarmah, 2011)

Iryanthera
hostmannii
(Benth.) Warb.

Peru, Venezuela,

Colombia

Anemia, diarrhoea, fever,

malaria, mouth, and

wound infection, ulcer,

psychotomimetic

Ba, Le, Re, Fr, See Inhale (snuff),

drink

(decoction)

(Cuca, Bernal, Coy, &

Coy, 2009)

Iryanthera juruensis

Warb.

Brazil, Ecuador Fungal infection,

aphthous stomatitis,

scabies, wounds,

changes in the state of

CNS

Ba, Le, La, See Roasted see.

(Oral),

beverages of

crushed Le.

(drinks)

(Aponte et al., 2007; E. W.

Davis & Yost, 1983;

Silva Dulce, Zhang,

Santos, Bolzani, &

Nair, 2007)

Iryanthera
macrophylla

Warb.

Peru Psychotomimetic Ba, Le, Re, Fr, See Inhale (snuff) (Holmstedt et al., 1980;

McKenna, 1984)

Knema angustifolia
(Roxb.) Warb.

India, Thailand Dysentery, cancer,

whole-body tonic,

astringent, mouth

ulcers

Ba, Re Ba. (Drink) (Banik & Bora, 2016;

Khare, 2008;

Phadungkit, Rattarom, &

Rattana, 2010)

Knema attenuata
Wall.

India As an ingredient in

Aswagandha nei' in

several discomforts

Ba N/R (Vinayachandra &

Chandrashekar, 2014)

Knema erratica

(Hook.f.

&Thoms.) J.

Sinclair

Lao PDR, India Mouth sore, dysentery Ste, Le, La N/R (Banik & Bora, 2016)

Knema furfuracea
Warb.

Thailand, Malaysia,

Singapore

Sore, pimples, cancer Ba N/R (Salleh & Farediah, 2017)

Knema globularia
(Lam.) Warb.

Thailand Blood tonic, skin

diseases, scabies

Ba, R, See N/R (Salleh & Farediah, 2017)

Knema laurina

(Blume) Warb.

Malaysia Rheumatism, digestive

problems,

inflammation, fever,

wound

Ba, Le N/R (Hake et al., 2009;

Phadungkit et al., 2010;

Salleh & Farediah, 2017)

Knema tenuinervia
subsp. setosa
W.J. de Wilde

Thailand Cancer Ba N/R (Pinto & Kijjoa, 1990)

(Continues)
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TABLE 2 (Continued)

Scientific names

Name of the user

country/continents

Health ailments

/indications of use Plant parts used

Mode of

consumption References

Myristica
andamanica
Hook.f.

India Fever, malaria, stimulant,

bleeding, skin infection,

stomach disorder

Ba, Le, Fr, See (Water extract)

Oral, (Fr.

powder and oil

mixture) topical

(Rajasekharan &

Rao, 2019; Sharma,

Abirami, &

Chander, 2018; Sheeja

et al., 2014)

Myristica beddomei
subsp. ustulata
W.J. de Wilde

India Diabetes, skin diseases,

bronchitis,

constipation,

dysmenorrhea,

spermatorrhea, anti-

emetic, aphrodisiac,

spasmolytic

Fr, See, Ar N/R (Koperuncholan &

John, 2011; Subha

et al., 2013)

Myristica fragrans
Houtt.

Myanmar, India,

Malaysia,

Indonesia, Vietnam,

Europe, Australia,

Africa

Nervous disorder,

stomach disorder,

stimulant, blood

purifier, rheumatism,

inflammation,

psychotomimetic,

aphrodisiac, menstrual

disorder, sedative,

narcotic, toxic,

sarcophagous

Ba, Fr (Pericarp),

See, Ar

Oral, hot drink,

topical (Spice

powder, oil,

spicy pericarp)

(Alrashedy & Molina, 2016;

Benzeid et al., 2018;

DeFilipps &

Krupnick, 2018;

Khare, 2008; Nagaraju

et al., 2013)

Myristica
malabarica Lam.

India Rheumatism, stimulant,

topical application,

cough, inflammation,

tumor, diarrhea,

febrifuge, ulcer

Le, Fr Oral (Chelladurai &

Ramalingam, 2017;

Khare, 2008)

Osteophloeum

platyspermum
(Spruce ex DC.)

Warb.

Brazil Cough and cold, asthma,

psychotomimetic

Ba, Le, Re Drink, Smoke (McKenna, 1984;

Schultes, 1980)

Otoba
novogranatensis
Moldenke

Colombia Liver problems, skin

diseases

Re (Bussmann, Paniagua

Zambrana, Romero, &

Hart, 2018)

Otoba parvifolia
(Markgr.) A. H.

Gentry

Ecuador, Central,

South America,

Fungal infection See Inhale (snuff) (J. Weiss, 2019)

Pycnanthus
angolensis
(Welw.) Warb.

Central Africa Respiratory disease,

fever, leprosy, wound

healing, inflammation,

pain, lactation, female

sterility, stomach

problem, osteoarthritis,

diabetes, cognitive

disease, cancer, poison

antidote,

psychotomimetic

W, Ba, Le, See Topical (Bath),

kombo butter

(Achel, Alcaraz, Adabo,

Nyarko, & Gomda, 2012;

Gustafson, Wu, Asante-

Dartey, & Simon, 2013;

Quiroz, 2015)

Scyphocephalium

mannii (Benth. &
Hook.f.) Warb.

Central Africa Unspecified diseases,

psychotomimetic

Ba N/R (Quiroz, 2015)

Scyphocephalium
ochocoa Warb.

Central Africa Vaginal infection, female

fertility, gonorrhea,

rheumatism, febrile

body ache, excessive

milk secretion,

inflammation, breast,

stomach, skin, liver

cancer, unspecified

diseases,

psychotomimetic

Ba, See Ba. decoction, ste.

bath, oral

(roasted see.)

(Ngoua-Meye-Misso

et al., 2018;

Quiroz, 2015)
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(TKDL, 2001). Ethnomedicinally nutmegs and wild nutmegs were used

to treat the nervous disorder, menstrual complications, rheumatism,

asthma, skin infection, as a stimulant, aphrodisiac, abortifacient, blood

purifier, antitumor, antidiarrhoeal agents, and others (Khare, 2008;

Latha et al., 2005). Bark decoction of Compsoneura and Iryanthera was

used as a topical wash to clean wounds (Gottlieb, 1979), Virola

elongata in rheumatism, joint tumors, toothache, colic, dyspepsia

(Alrashedy & Molina, 2016; Gottlieb, 1979; Holmstedt et al., 1980;

McKenna, 1984), Virola bicuhyba as brain stimulant (Oliveira

et al., 2011; Schultes, 1988), Knema elegans, K. furfuracea to cure can-

cer, mouth sore, dysentery (Henkin et al., 2017; Murray, Faraoni, Cas-

tro, Alza, & Cavallaro, 2013; Phadungkit et al., 2010; Pinto &

Kijjoa, 1990) and Staudtia kamerunensis var. gabonensis as antidote of

poison (Musuyu et al., 2012) (Tables 1 and 2). Several references lack

updated scientific and vernacular names of species, preparation of for-

mulation, dosage, route, and duration of administration and others.

4 | PHYTOCHEMICALS

Major oleochemicals reported in Myristicaceae are namely, essential

(EO), and fixed oils. Major phytochemicals reported in Myristicaceae

are namely, terpenes (1–30), triglyceride, long-chain fatty acid and

derivatives (31–45), phenolics and phenylpropoanoids (46–59), diaryl

long-chain alkanes (60–79), lignan, neolignan and derivatives (80–

120), flavonoids and lignoflavonoids (121–138), coumarins (139–142),

indole alkaloids (143–159) and others (160) (Table 3 and Table S1).

Structures of representative biomarkers of each group were redrawn

TABLE 2 (Continued)

Scientific names

Name of the user

country/continents

Health ailments

/indications of use Plant parts used

Mode of

consumption References

Staudtia
kamerunensis var.
gabonensis
(Warb.) Fouilloy

Central Africa Dysentery, skin infection,

arrow poison antidode,

psychotomimetic

Ba Drink (Musuyu et al., 2012;

Quiroz, 2015)

Virola bicuhyba

(Schott ex

Spreng.) Warb.

Brazil Brain stimulant See N/R (Kobelnik, Fontanari,

Soares, Figueiredo, &

Ribeiro, 2013)

Virola calophylla
(Spruce) Warb.

Colombia Psychotomimetic, skin

infections

Ba, R, Le, Fr, See Inhale (snuff) (E. W. Davis & Yost, 1983;

Holmstedt et al., 1980;

McKenna, 1984)

Virola
calophylloidea
Markgr.

Colombia, Peru Fungal infections,

psychotomimetic

Ba, Re, Le Inhale (Snuff) (E. W. Davis & Yost, 1983;

Holmstedt et al., 1980)

Virola carinata

(Spruce ex

Benth.) Warb.

Colombia Psychotomimetic Ste, Ba, Le, Re Inhale (Snuff) (Holmstedt et al., 1980)

Virola elongata
(Benth.) Warb.

Brazil, Peru,

Colombia, Orinoco

Stimulant,

psychotomimetic

W, R, Ba, Le, Re Inhale (Snuff); oral

paste, pellete,

salt

(Alrashedy & Molina, 2016;

McKenna, 1984)

Virola michelii
Heckel

Brazil Fungal disease, skin

infection, medicinal

plaster,

psychotomimetic

Ba, Le, Re Inhale (Snuff) (Carvalho et al., 1999;

Morais et al., 2009)

Virola pavonis (A.
DC.) A.C. Sm.

Peru, Ecuador Analgesic,

psychotomimetic,

kidney, tooth ailments

Ba, Le, Re, Fr

(Pericarp), Ar

Inhale (Snuff), oral

(drink)

(Ballesteros et al., 2016;

McKenna, 1984)

Virola peruviana (A.

DC.) Warb.

Colombia, Peru Psychotomimetic Ba, Re Inhale (Snuff) (Holmstedt et al., 1980)

Virola sebifera Aubl. Ecuador Carminative,

psychotomimetic

Le, Flw Inhale (Snuff) (Ballesteros et al., 2016)

Virola surinamensis

(Rol. ex Rottb.)

Warb.

Brazil, South America Inflammation, skin

infection, cancer,

stomach disorder

Ba, Re, Inhale (Vapour;

Snuff), drink

(tea)

(Hiruma-Lima et al., 2009)

Virola theiodora
(Spruce ex

Benth.) Warb.

Brazil, Colombia,

Venezuela

Psychotomimetic Ba, R Inhale (Snuff) (Holmstedt et al., 1980)

Abbreviations: Ar, Aril; Ba, Bark; Flw, Flowers; Fr, Fruit; La, Latex; Le, Leaves; R, Roots; Re, Resin; See, Seeds; Sh, Shoot; Ste, Stem; W, Wood.
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TABLE 3 Phytochemicals of the family Myristicaceae

Scientific names Significant biomarkers/hallucinogens References

Coelocaryon preussii Warb. β-sitosterol (22), stigmasterol (21) (Akoubet et al., 2017)

Horsfieldia glabra (Reinw. ex Blume)

Warb.

4-vinylphenol (46) (Chaichana, 2016)

Horsfieldia irya (Gaertn.) Warb. 1-(2,6-dihydroxyphenyl) dodecan-1-one (41), 2-(6-phenylhexyl)-
8-hydroxy-5,6,7,8-tetrahydrochromone (139),
2-(6-phenylhexyl)-5,7-dihydroxychromone (142),
5,7-dihydroxy-2-n-nonylchromen-4-one (141), 8-hydroxy-2-n-
nonyl-5,6,7,8-tetrahydrochromon (140), asarinin (98),

dihydrocubebin (84), horsfieldin (91), myristic acid (36),
trimyristin (31)

(Gonzalez et al., 2002; Wimalasena &

Karunawansha, 1994)

Horsfieldia kingii (Hook.f.) Warb. Horsfielane A (123), Horsfielenide A (133), Horsfielenide B (134),
Horsfielenide D (131) Horsfielenide E (132), maculatin (92),
bursehernin (82)

(B. Liu et al., 2019; B. Liu, Chen, Tian, &

Zhan, 2019)

Horsfieldia spicata (Roxb.) J. Sinclair Myristicyclins A (124), Myristicyclins B (125) (Lu et al., 2014)

Horsfieldia superba Warb. 5-MeO-DMT (143), Horsfiline (158), 6-MeO-2-MTHC (154) (Kam, 1999)

Iryanthera hostmannii (Benth.) Warb. Iryantherin A (135), Iryantherin B (136), Iryantherin C (137),
Iryantherin D (138), Ba: 5-MeO-DMT (0.013%) (143); Le EO:

α-cadinol (7.8%) (16), α-muurolol (13.2%) (17), guaiol (4%) (13),

limonene (3.3%) (1), oplopanone (3.7%) (26), spathulenol
(12.1%) (15)

(Conserva, Yoshida, Gottlieb, Martinez,

& Gottlieb, 1990; Cuca et al., 2009;

Holmstedt et al., 1980)

Iryanthera juruensis Warb. Tocotrienol (26), myristic acid (36), juruenolic acid (33), guaiacin
(90), verrucosin (118), sargachromenol (27), sargaquinoic acid
(29)

(Morais et al., 2009; Silva Dulce

et al., 2007)

Knema attenuata Wall. Attenuol (100) (Salleh & Farediah, 2017)

Knema glauca Warb. Malabaricone A (60), Dodecanoylphloroglucinol (44),
1-(2,4,6-trihydroxyphenyl)-9-phenylnonan-1-one (66)

(Salleh & Farediah, 2017)

Knema elegans Pierre Myristinins A (126), Myristinins D (127), 2-hydroxy-

6-(12-phenyldodecyl)-benzoic acid (69), 3-(12-phenyldodec-
8-enyl)-phenol (72), 2,4-dihydroxy-6-(10-phenyldecyl)-
acetophenone (67)

(Salleh & Farediah, 2017)

Knema furfuracea Warb. Furfuracin (87), Ginkgolic acid (32), 2-hydroxy-
6-(12-phenyldodecyl)-benzoic acid (69), 3-(12-phenyldodecyl)-
phenol (73), deHGA (85), 1,2- DdeHGA (81)

(Salleh & Farediah, 2017)

Knema globularia (Lam.) Warb. Kneglomeratanone A (42), kneglobularic acid A (79) (Salleh & Farediah, 2017)

Knema laurina (Blume) Warb. Brefeldin A (160), 2-hydroxy-6-(100[Z]-heptadecenyl) benzoic acid
(68), 8-deoxytrichothecin (11), 7-α-hydroxytrichodermol (10)

(Salleh & Farediah, 2017)

Knema tenuinervia subsp. setosaW.J.

de Wilde

2,4-dihydroxy-6-(10-phenyldecyl)-acetophenone (67),

3-(8-pentadecenyl)-phenol (43)

(Pinto & Kijjoa, 1990)

Myristica argentea Warb. MDHGA (93), EA6 (86), Nectandrin-B (106), licarin A (113), licarin
B (114), machilin C (115), safrole (59), EME (49), elemicin (56),
eugenol (50), IEME (51), MeO-E (54)

(Filleur, Le Bail, Duroux, Simon, &

Chulia, 2001; Filleur, Pouget, Allais,

Kaouadji, & Chulia, 2002)

Myristica beddomei subsp. Ustulata
W.J. de Wilde

β-caryophyllene (18), α-cadinol (16), globulol (12), δ-cardinene (9),
1,5,9,9-tetramethyl-Z,Z,Z-1,4,7-cycloundecatriene (30)

(Vidhya et al., 2015)

Myristica cinnamomea King Malabaricone A (60), Malabaricone B (61), Malabaricone C (62) &
Malabaricone E (64), maingayic acid B (45)

(Wahab et al., 2016)

Myristica fatua Houtt. Malabaricone B (61), Malabaricone C (62), (7S, 8R, 80S, 70S)
7,70-bis(3-hydroxy-5-methoxyphenyl)-8,80-dimethylbuthane-

7,70-diol, (80), 300-hydroxydemethyldactyloidin (77)

(Fajriah, Darmawan, Megawati, Kosela,

& Hanafi, 2017; Megawati &

Darmawan, 2017)

Myristica fragrans Houtt. Myristicin (32.8%) (58), Elemicin (56), isoelemicin (17.68%) (57),
Safrole (4.1%) (59), Me-E (8.13%) (52), eugenol (50), Me-iso-E

(53), trans-isoeugenol (2.76%) (55), dehydrodiisoeugenol
(4.06%) (48), MeO-E (54), α- pinene (9.8%) (3), β-pinene (9.4%)

(4), sabinene (16.01%) (2), linalool (7), linoleic acid (4.12%) (35),

geraniol (6), 4-terpeniol (12.08%) (5), palmitic acid (2.8%) (38),
virolane (71), myticaganal A (116), myticaganal C (117)

(Chumkaew & Srisawat, 2018; Francis,

Suresh, & Nair, 2014; Kalbhen, 1971;

Maya et al., 2004; Maya, 2005;

Ogunwande, Olawore, Adeleke, &

Ekundayo, 2003; Singh, Marimuthu,

De Heluani, & Catalan, 2005;

Muchtaridi et al., 2010; Valente,

Jham, Dhingra, & Ghiviriga, 2011)
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TABLE 3 (Continued)

Scientific names Significant biomarkers/hallucinogens References

Myristica magnifica Bedd. Malabaricone B (61), Malabaricone C (62), Promalabaricone B (65) (Prabha et al., 2018; Prabha

et al., 2019)

Myristica malabarica Lam. Malabaricones A (60), Malabaricones B (61), Malabaricones C (62),
Malabaricones D (63), β-caryophyllene (18), linalool (7),
α-humulene (8); α-hydroxydihydrochalcone (70), nerolidol (14),
δ-cardinene (9), myristic acid (19.06%) (36), stearic acid

(57.64%) (39)

(Banerjee, Bauri, Guha,

Bandyopadhyay, &

Chattopadhyay, 2008; Chelladurai &

Ramalingam, 2017; Maya

et al., 2015; Talukdar, Jain, De, &

Krishnamurty, 2000; Zachariah

et al., 2008)

Osteophloeum platyspermum (Spruce

ex DC.) Warb.

NMT (149); DMT (148), 5-MeO-DMT (143), 5-OH-DMT (146) (Holmstedt et al., 1980;

McKenna, 1984)

Otoba novogranatensis Moldenke Tryptamine (150), Otobain (94) (Gottlieb, 1979; Zhou & Xie, 2011)

Otoba parvifolia (Markgr.) A. H.

Gentry

Tocotrienol (26) (Ferreira et al., 1989; J. Weiss, 2019)

Pycnanthus angolensis (Welw.) Warb. Talaumidin (96), myristoleic acid (37), cetyl myristoleate (40),
tocotrienol (26), dihydroguaiaretic acid (85), pycnanolide A

(119), pycnanolide B (120), pycnanthulignene A (109),
pycnanthulignene B (110), pycnanthulignene C (111),
pycnanthulignene D (112), pycnanthuquinone A (23),
pycnanthuquinone B (24), pycnanthuquinone C (25), 20-
hydroxyformononetin (130), sargahydroquinoic acid (28),

sargachromenol (27), sargaquinoic acid (29)

(Achel et al., 2012; Gustafson

et al., 2013)

Scyphocephalium ochocoa Warb. Ocholignan A (107), ocholignan B (108), ochocinone A (74),
ochocinone B (75), α-amyrine (19), β-amyrine (20), oleiferinone
(76)

(Foundikou et al., 2018; Hu

et al., 2005; Ngoua-Meye-Misso

et al., 2018)

Virola bicuhyba (Schott ex Spreng.)

Warb.

Laruric acid (35%) (34); myristic acid (40%) (36) (Kobelnik et al., 2013)

Virola calophylla (Spruce) Warb. T (150), MMT (149), MTHC (158), Le: DMT (0.15%) (148), NMT

(0.006%); (149)
Ba: 5-MeO-DMT (143)

(Farnsworth, 1968; Holmstedt

et al., 1980; McKenna, 1984)

Virola calophylloidea Markgr. 5-MeO-DMT (143), 5-MeO-MMT (144); Le: DMT (0.001%) (148) (Holmstedt et al., 1980)

Virola carinata (Spruce ex Benth.)

Warb.

5-MeO-DMT (143), Le: DMT (0.001%) (148) (Holmstedt et al., 1980)

Virola elongata (Benth.) Warb. T (150), MMT (149), 5-MeO-MMT (144), MTHC (158), 5-MeO-

THC (154), 6-MeO-2-MTHC (155), 6-MeO-tetrahydro Harman

(156), 6-MeO-harmalane (152), 6-MeO-harman (153); 6-MeO-

DMT (147), 5-MeO-DMT (ca. 8%) (143); Phloem: 5-MeO-DMT

(0.001%) (143); Le: DMT (0.001%) (148)

(Cassady, Blair, Raffauf, & Tyler, 1971;

Holmstedt et al., 1980;

McKenna, 1984)

Virola michelii Heckel Titonine (128), 7.3.4-trimethoxy flavone (122), 7,30-dimethoxy-40-
acetylflavone (121), eudesmin (99), phylligenol (95)

(Carvalho et al., 1999; Morais

et al., 2009)

Virola multinervia Ducke 5-MeO-DMT (143), Ba: DMT (0.001%) (148) (Holmstedt et al., 1980)

Virola pavonis (A.DC.) A.C. Sm. DMT (148), 5-MeO-DMT (143), MMT (149), carinatin (102),

carinatidin (101), dihydrocarinatin (105), dihydrocarinatidin
(104), dehydrodieugenol (47), galgravin (89), nectandrin B (106),
galbelgin (88), verrucosin (118), carinatone (103)

(Holmstedt et al., 1980;

McKenna, 1984; Morais et al., 2009)

Virola peruviana (A. DC.) Warb. DMT (148), 5-MeO-T (145), 6-MeO-2-MTHC (155), 6-OH-

DMTHC (157); Paste: 5-MeO-DMT (0.001%) (143)
(Holmstedt et al., 1980)

Virola sebifera Aubl. DMT (148), 5-MeO-DMT (143), MMT (149); 5-MeO-MMT (144) (Holmstedt et al., 1980;

McKenna, 1984)

Virola surinamensis (Rol. ex Rottb.)

Warb.

DMT (148), 5-MeO-DMT (143), Elemicin (56), Virolin (97),

Surinamensin (78), Veraguesin (129), Le EO: Safrole (4.6%) (59)

(Holmstedt et al., 1980; Lopes

et al., 1999; Saraiva, 2012)

Virola theiodora (Spruce ex Benth.)

Warb.

MMT (149), DMT (148), 5-MeO-MMT (144), 5-MeO-DMT (143),

Ba (0.19%); R (0.13%); Le (0.1%), 5-MeO-THC (154), 6-MeO-

DMT (147), MTHC (158), β-carboline (151)

(Holmstedt et al., 1980;

Schultes, 1977; Schultes et al., 1977)
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by using ChemDraw software (version 18.2) (Figure 1) and PubChem

Compound IDs were provided (Table S1).

Oils: EO content reported in nutmeg seeds were 7–16% and arils

4–17%. Major components were hydrocarbon and oxygenetated

monoterpenes and sesquiterepenes (60–80%) namely, sabinene (2), α-

and β-pinene (3–4), β-caryophyllene (18), α-humulene (8) and terpene

alcohols (5–15%) namely, linalool (7), geraniol (6), 4-terpineol (5).

Seeds yield about 25–30% nutmeg butter containing trimyristin (31),

F IGURE 1 Bioactive molecules of major phytochemicals in Myristicaceae members: (a) Terpenes; (b) Triglyceride, long-chain fatty acid, and
derivatives; (c) Phenolics and phenylpropanoids; (d) Diaryl long-chain alkanes. (e) Lignan, neolignan, and derivatives; (f) Flavonoids and
lignoflavonoids; (g) Coumarins, (h) Indole alkaloids
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lauric (34), linoleic (35), myristic (36), oleic, palmitic (38), and stearic

acids (39) (De Wilde, 2000; Frank, Roberts, Snell, Yates, &

Collins, 1971; Hima Sai Bindu, Rubesh Kumar, Duganath, &

Devanna, 2013; Morsy, 2016; Saputro, Andarwulan, & Faridah, 2016).

Terpenes (1–30): Terpenes reported in the Myristicaceae belong

to hydrocarbon and oxygenated monoterpenes namely, limonene (1)

and geraniol (6), hydrocarbon and oxygenated sesquiterpenes namely,

δ-cardinene (9) and globulol (12), triterpenes (19–20), sterols (21–22)

and other terpenes comprising terpenoid-quinone (23–25), tocotrienol

(26), tocotrienol derivatives (27–29) and others.

Triglyceride, long-chain fatty acid and derivatives (31–45):

Trimyristin (31), the triglyceride, −juruenolic (33), myristic (36), ginkgolic

acids (32), cetyl myristoleate (40), the fatty acid ester and aryl alkanone

(41), acetophenone (42), acylphenols (44–45) were reported.

Phenolics and phenylpropanoids (46–59): Allylbenzenes namely,

eugenol (50), dehydrodieugenol (47), dehydrodiisoeugenol (48), meth-

yleugenol (52), and phenylpropanoids namely, myristicin (58), elemicin

(56), safrole (59), and others were reported as one of the major bio-

markers in the Myristicaceae.

Diaryl long-chain alkanes (60–79): Diphenylalkanes namely,

Malabaricones A-E (60–64), acylphenol like 1-(2,4,6-trihydroxyphenyl)-

9-phenylnonan-1-one (66), alkylresorcinols namely, ochocinone A-B

(74–75), diaryl nonanoid like 300-hydroxydemethyldactyloidin (77),

diaryloctane namely, kneglobularic acid A (79) and others were

reported.

Lignan, neolignan and derivatives (80–120): (7S, 8R, 80S, 70S)

7,70-bis(3-hydroxy-5-methoxyphenyl)-8,80-dimethylbuthane-

7,70-diol (80), 1,2- DdeHGA (81), horsfieldin (91) and others were

reported as lignans, carinatidin (101), carinatin (102), nectandrin-B

(106) as lignoids, ocholignan A-B (107–108) as cyclolignans,

pycnanthulignene A – D (109–112) as cyclolignene derivatives, licarin

A (113), myticaganal C (117) as neolignans, pycnanolide A-B (119–

120) as lignan lactones were reported in the Myristicaceae.

Flavonoids and lignoflavonoids (121–138): Flavonoids namely,

7-,30-dimethoxy-40-acetylflavone (121), horsfielane A (123),

myristicyclins A-B (124–125), myristinins A, D (126–127), isoflavone

namely, 20-hydroxyformononetin (130), diarylpropanes namely, hors-

fielenide A-B (133–134), D-E (131–132), lignoflavonoids namely,

iryantherin A – D (135–138) were reported.

Coumarins (139–142): Coumarins reported in the Myristicaceae

were namely, 2-(6-phenylhexyl)-8-hydroxy-5,6,7,8-tetrahydrochromone

(139), 8-hydroxy-2-n-nonyl-5,6,7,8-tetrahydrochromone (140),

5,7-dihydroxy-2-n-nonylchromen-4-one (141) and others.

Indole alkaloids (143–159): Indole alkaloids are one of the major

phytochemicals reported in the family Myristicaceae which can be cat-

egorized as tryptamine derivatives namely, tryptamine (T) (150),

N0-methyltryptamine (NMT or MMT) (149), 5-methoxy N-methyl

tryptamine (5-MeO-NMT or 5-MeO-MMT) (144), N0-N0-dimeth

yltryptamine (DMT) (148), 5-methoxy N-N- dimethyl tryptamine

(5-MeO-DMT) (143), 6-methoxy N-N- dimethyl tryptamine (6-MeO-

DMT) (147), 5-hydroxy dimethyltryptamine (5-OH-DMT) (146),

5-methoxytryptamine (5-MeO-T) (145) and β-carbolines (151) and

harmala alkaloids namely, 6-methoxy-1-methyl- β-carboline (6-MeO-

harman) (153), 1-methyl-6-methoxy-dihydro-β-carboline (6-MeO-har

malan) (152), 2-methyl-1,2,3,4-tetrahydro-β-carboline (MTHC) (158),

2-methyl-5 hydroxy-1,2,3,4-tetrahydro-β-carboline (5-MeO-THC)

(154), 6-methoxy-2-methyl-1,2,3,4-tetrahydro-β-carboline (155) and

1, 2-dimethyl-6 hydroxy-1,2,3,4-tetrahydro-β-carboline (6-OH-

DMTHC) (157) and oxindole alkaloid namely, horsfiline (159).

Harmane bases namely, 6-methoxyharmane (153), 6-methox

yharmalane (152), 2-methyl-6-methoxy-1,2,3,4-tetrahydro-β-carboline

(6-MeO-tetrahydroharman) (156) were reported in trace amounts

in Myristicaceae paste and snuff (Holmstedt et al., 1980;

McKenna, 1984).

Others: Brefeldin A (160), an endophytic fungal polyketide bio-

marker was reported from Knema laurina (Salleh & Farediah, 2017).

5 | PHARMACOLOGY

Pharmacological evaluation of the plant extracts, essential oil, major

biomarkers was critically reviewed for biological activities through

in vitro, in vivo studies to the best of our knowledge (Figure 2).

5.1 | Inhibitory activity of cholinesterases
and MAO

Inhibitory activity of cholinesterases and MAO were reviewed by

AChEI, BChEI in vitro, MAOI in vivo studies and others (Table 4). Only

F IGURE 2 General scheme of pharmacological activity of nutmeg
and wild nutmegs (Myristicaceae) [Colour figure can be viewed at
wileyonlinelibrary.com]

BARMAN ET AL. 9

http://wileyonlinelibrary.com


two assays showed significant AChEI with half-maximal inhibitory

concentration (IC50) value of 0.57 ± 0.02 μM of 2-hydroxy-6-(100[Z]-

heptadecenyl) benzoic acid isolated from Knema laurina (Akhtar

et al., 2011) and AChEI and BChEI with IC50 1.84 ± 0.19–

2.80 ± 0.49 μM of Malabaricone B and C from Myristica cinnamomea

(Wahab et al., 2016). In vivo study with 1 g/kg oral dose of myristicin

from M. fragrans exhibited MAOI in 6 out of 54 experimental rats

where the study lacked the health and sex status of the experimental

animals and the approval of ethical clearance and guidelines from the

committee for use of laboratory animals (Truitt Jr et al., 1963).

5.2 | Neuroprotective activity

Only two studies showed neuroprotective activity by inhibition of

release of nitric oxide (NO), cytokines, chemokines, reduction in neu-

ronal damage due to glutamate, BV-2 Microglial cell (MGC), reduction

in NF-kß translocation, O2-glucose deprivation in vitro, infarct volume

in vivo against post-stroke brain damage, neurogenesis with ethanolic

leaf extract in vitro (Gustafson et al., 2013; Hake et al., 2009)

(Table 5). In a mixed study, EtOH leaf extract of Knema laurina

showed, dose-dependent decrease in NO release from lipopolysac-

charide (LPS) activated MGC compared to control, approx. 36.5% pro-

tection against glutamate damage at 150 μg/ml, reduction in neuronal

damage, IL-6 release, expression of Intercellular Adhesion Molecule

1, inhibition of NF-kß, ERK-1/2, lkb, showed neurogenesis and

reduced infarct volume at 30 mg/kg in stroke model of SD rats (Hake

et al., 2009). However, in vitro assay was carried out with only

extracts (Hake et al., 2009) and effective concentration of isolated

biomarkers was as high as 30 mg/kg in in vivo studies, which had

moderate translational relevance to human dosage (Gustafson

et al., 2013; Izzo et al., 2020).

5.3 | Anxiolytic activity

Anxiolytic activity was reviewed by parameters namely, increase in

rearing, and ambulations, reduction in locomotor activity, experiments

on the elevated plus-maze and others in only three in vivo studies

(Table 6). In study among 40 male Albino mice, M. fragrans at 25 and

50 mg/kg, exhibited improvements in anxiety-related parameters like

increased numbers of rearing and ambulations and decreased

grooming and fecal pellets in dose-dependent manner compared to

vehicle control. Fifty milligram per kilogram water extract exhibited

anxiolytic activity comparable to 2 mg/kg of Diazepam (Nagaraju

et al., 2013). However, the studies lacked inclusion of mice of both

sexes while the second was conducted with only water extract for

very short duration that is, 7 days, the third used synthetic myristic

acid (Contreras et al., 2014; Nagaraju et al., 2013).

5.4 | Antiinflammatory, immunomodulatory
activity, and antinociceptive effect

Antiinflammatory activity was reviewed by inhibition of enzymes

COX-1, COX-2, the release of NO, cytokines, chemokines, by assays

namely, protein denaturation, membrane stabilization in vitro, inhibi-

tion of mouse edema induced by carrageenan, 12-O-tetrahydrod-

ecanoylphorbol-13-acetate (TPA) in vivo, immunomodulatory activity

by myeloperoxide burst assay in vitro and analgesic activity by a

reduction in acetylsalicylic acid-induced writhing numbers and

formalin-induced injured arm licking in vivo studies in altogether six

studies and two literature reviews (Table 7). 7,40 dimethoxyflavone,

tithonine, fasciculiferin, farnisine from methanolic leaf extract of

Iryanthera juruensis at 100 ppm inhibited enzymes COX-1, COX-2 by

50–65%, sargaquinoic acid, guaiacin from seed hexane extract at

TABLE 4 Inhibitory activity of cholinesterases and MAO

Scientific name

of the species

Parts

used

Type of assay/

study Compound/extract

Mode of

action Observations References

Knema laurina Bark In vitro assay 2-hydroxy-6-(100[Z]-
heptadecenyl benzoic

acid)

AChEI IC50 value of 0.57 ± 0.02 μM (Akhtar

et al., 2011)

Myristica
cinnamomea

Fruits In vitro assay Malabaricone B from

EtOAc extract

AChEI IC50 value 1.84 ± 0.19 μM (Wahab

et al., 2016)

M. cinnamomea Fruits In vitro assay Malabaricone C from

EtOAc extract

AChEI IC50 value 1.94 ± 0.27 μM (Wahab

et al., 2016)

M. cinnamomea Fruits In vitro assay Malabaricone B from

EtOAc extract

BChEI IC50 value 1.76 ± 0.21 μM (Wahab

et al., 2016)

M. cinnamomea Fruits In vitro assay Malabaricone C from

EtOAc extract

BChEI IC50 value 2.80 ± 0.49 μM (Wahab

et al., 2016)

M. fragrans — In vitro assay Nutmeg powder (500 mg/

kg)

MAOI Tryptamine potentiation (Truitt Jr, Duritz, &

Ebersber, 1963)

M. fragrans — In vivo study

among 54

rats

Myristicin 1 g/kg (oral

dose)

MAOI Reduced intravenous dose of

tryptamine and increased 5-HT

in brain

(Truitt Jr

et al., 1963)
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100 ppm inhibited enzyme COX-1 by 60–65% against Celebrex and

Aspirin as reference (Silva Dulce et al., 2007). Ochocinone A,

Ochocinone B, and Oleiferinone from methanolic leaf extract of

Scyphocephalium ochocoa exhibited immunomodulatory activity

through myeloperoxide oxidative burst assay with IC50 value ranging

approx. <1–2.91 μg/ml in polymorphonuclear neutrophils (PMNs),

macrophages and TNF-α inhibition approx. 39–73% at 25 μg/ml and

NO inhibition 81–110% (Foundikou et al., 2018). Ethanol water

extract of bark of Scyphocephalium ochocoa exhibited IC50 value

34.775 ± 2.543 μg/ml against protein denaturation and membrane

stabilization by water extract exhibiting hypotonicity and heat medi-

ated hemolysis of RBC with IC50 value 56.713 ± 0.492 μg/ml and

36.793 ± 0.529 μg/ml (Ngoua-Meye-Misso et al., 2018).

Carrageenan-induced paw edema was inhibited by seed oil of

M. fragrans by 75%, formalin-induced injured arm licking time in

rodents was reduced by seed oil and adrenaline injected anti-

thrombotic protection by 96% as referral to acetylsalicylic acid

(Olajide et al., 2000) and chloroform extract of seeds of M. fragrans

showed a reduction in the acetylated salicylic acid-induced writhing

numbers approx. 11–7 (Olajide et al., 1999). Out of three in vivo stud-

ies, one used chloroform extract (Olajide et al., 1999), one exhibited

gastric mucosal ulceration with seed oil and indomethacin (Olajide

et al., 2000) while the other was conducted only on male mice

(Carvalho et al., 1999). In vitro assay of antiinflammatory activity was

carried out with only extracts (Ngoua-Meye-Misso et al., 2018),

whereas reviewed references lacked effective concentration of

Kombo butter of Pycnanthus angolensis (Gustafson et al., 2013) and

biomarkers of Knema glauca (Rangkaew et al., 2009).

5.5 | Anticancer activity

Anticancer activity of Myristicaceae members was critically reviewed on

cytotoxicity, inhibition of DNA polymerase-β, the anti-angiogenic

TABLE 5 Neuroprotective activity

Scientific

name of the
species

Parts
used

Type of

assay/
study Compound/extract Mode of action Observations References

K. laurina Leaves In-vitro EtOH extract Inhibition of NO release Decrease in NO release

from LPS-activated MGC

compared to control

(Hake et al., 2009)

K. laurina Leaves In-vitro EtOH extract Inhibition of NO release IC50 value 14.8 μg/ml in

BV-2 MGC

(Hake et al., 2009)

K. laurina Leaves In-vitro EtOH extract Dose-dependent protection

against glutamate damage

Approx. 36.5% protection

at 150 μg/ml, 19.9%

protection at 75 μg/ml

(Hake et al., 2009)

K. laurina Leaves In-vitro EtOH extract Reduction in MGC mediated

neuronal damage

15 and 30 μg/ml reduced

primary damage and

75 μg/ml secondary

damage

(Hake et al., 2009)

K. laurina Leaves In-vitro EtOH extract Reduction of IL-6 release,

ICAM-1 expression,

Reduction of IL-6, at

300 μg/ml of ICAM-1

expression

(Hake et al., 2009)

K. laurina Leaves In-vitro EtOH extract Inhibition of NF-kB

translocation, ERK-1/2, lkb

phosphorylation

at 15 μg/ml inhibition of

NF-kB translocation,

ERK-1/2, at 30 μg/ml lkb

phosphorylation

(Hake et al., 2009)

K. laurina Leaves In-vitro EtOH extract Neurogenesis 30 μg/ml in OGD model of

brain tissue exhibited

approx. 1.8 fold

neurogenesis

(Hake et al., 2009)

K. laurina Leaves In-vivo EtOH extract Prevention against post

stroke brain damage

Reduced infarct volume at

30 mg/kg, 24 hr after in

MCAO ischemia model

of SD rats (250–280 g).

(Hake et al., 2009)

Pycnanthus

angolensis

Seeds In-vivo Sargahydroquinoic

acid

Reduced neuronal damage 30 mg/kg reduced brain

infarct volume, 48%

neuronal damage in mice

after 24 hrs

(Gustafson

et al., 2013)

P. angolensis Seeds In-vivo 1-4-diacetyl

sargahydroquinoic

acid

Reduced neuronal damage 30 mg/kg reduced brain

infarct volume, 54%

neuronal damage in mice

after 24 hrs

(Gustafson

et al., 2013)
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activity of plant extracts, EO, biomarkers against several cell lines with

lowest IC50 values (<1–16.53 μg/ml, <1–26 μM approx.) assay type, tox-

icity in normal cells, use of reference drugs in altogether 14 studies and

1 review (Table 8). Kneglomeratanone A from methanolic extract of the

root of K. globularia exhibited IC50 value 16.53 μg/ml against human

lung cancer (NCI-H187) and 48.03 μg/ml in normal (Vero) cell lines using

ellipticine as reference. Kneglobularone A from hexane extract showed

IC50 value 13.07 μg/ml against KB and 10.43 μg/ml against NCI-H187

and 8.23 μg/ml in normal Vero cell lines using doxorubicin as reference

(Salleh & Farediah, 2017). 20,40-dihydroxy-6'methoxy-3,4-methyl

TABLE 6 Anxiolytic activity

Scientific

name of the
species In vivo study

Compound/
extract Mode of action Observations References

M. fragrans Weel cage study among 2-3

months old male mice of

25-30 g for 30-180

minutes

0.5 mL seed

EO

inhalation

Reduction in cage movement Reduced approximately 69%

cage movement compared

to approximately 58% of

lavender oil and 0% in

control after 75 minutes

(Muchtaridi

et al., 2010)

M. fragrans Weel cage study among 2-3

months old male mice of

25-30 g for 30-180

minutes

0.5 ml

Myristicin

inhalation

Reduction in cage movement Reduced approximately 86%

cage movement after 75

minutes

(Muchtaridi et

al., 2010)

M. fragrans Weel cage study among 2-3

months old male mice of

25-30 g for 30-180

minutes

0.5 ml

Safrole

inhalation

Reduction in cage movement Reduced approximately 90%

cage movement after 75

minutes

(Muchtaridi et

al., 2010)

M. fragrans Weel cage study among 2-3

months old male mice of

25-30 g for 30-180

minutes

0.5 ml

4-terpineol

inhalation

Reduction in cage movement Reduced approximately 79%

cage movement after 75

minutes

(Muchtaridi et

al., 2010)

M. fragrans Open field model among 1–
2 months old 40 male

Albino mice of 18–35 g -

7 days

25 mg/kg

water

extract

Reduced anxiety Increased numbers of rearing

(approx. 12), ambulation

(approx.71) than control

(approx. 4 and 33).

Decreased grooming (approx.

4), fecal pellets (approx. 3)

numbers than vehicle

control.

(Nagaraju

et al., 2013)

M. fragrans Open field model among 1–
2 months old 40 male

Albino mice of 18–35 g -

7 days

50 mg/kg

water

extract

Anxiolytic activity

comparable to 2 mg/kg

Diazepam

Increased numbers of rearing

(approx. 16), ambulation

(approx. 94) than control

(approx. 4 and 33).

Decreased dose-dependent

grooming (approx. 2), fecal

pellets (approx. 2) numbers

than vehicle control

(approx. 10 and 7).

(Nagaraju

et al., 2013)

— 11–12 weeks old 149 male

Wister rats of 200–250 g

Myristic acid

(30 μg/ml)

Reduced anxiety under

elevated plus maze (8 fatty

acids mixture like human

amniotic fluid, individual 8

fatty acids, Diazepam

Enhanced anxiolytic

parameters with Myristic

acid, reduced anxiety

index.

(Contreras

et al., 2014)

— 11–12 weeks old 149 male

Wister rats of 200–250 g

Myristic acid Dose-dependent (at 10–
60 μg/rat) anxiolytic effect
by Locomotor activity test

Reduction in crossing

number (approx. 68–29),
activity time (approx. 147–
79 sec), increased resting

time (152–214 sec) (at 10–
60 μg/rat) respectively
compared to vehicle

control approx. 51 crossing

number, activity 108 sec

and resting time 191 sec.

(Contreras

et al., 2014)
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enedioxy dihydrochalcone and 20 ,40-dihydroxy-4,60-dimethoxy

dihydrochalcone isolated from diethyl ether extracts of Iryanthera

juruensis showed growth inhibition by 50% (GI50) value 8.4 μg/ml and

7.4 μg/ml against human leukemia (K562) cell line compared to moder-

ate activity in Vero cells with growth inhibitory 50% GI50 value of 28.4

and 40.4 μg/ml (Aponte et al., 2007). Ochocinone B and Oleiferinone

from methanolic leaf extract of Scyphocephalium ochocoa exhibited IC50

value <1.05 μg/ml against Breast cancer (MCF) cell lines (Foundikou

et al., 2018). Brefeldin A, 8-deoxytrichothecin, 7-α-hydroxytrichodermol

isolated from the KLAR 5 extract of endophytic fungi from K. laurina

twig exhibited IC50 value 0.04–1.73 μM against KB, human lymphoma

(BC-1), NCI-H187 cell lines (Salleh & Farediah, 2017). Myristinins A and

D isolated from methyl ethylketone extracts of wood of K. elegans

showed cytotoxicity against mouse macrophage P388D1 cells with the

IC50 value 9 μM and inhibited DNA polymerase-β by 93% and 84% and

viable cells by 30% (Deng et al., 2005). The aqueous extract of bark of

Scyphocephalium ochocoa at 62.5 μg/ml showed 26.66% inhibition of

angiogenesis with IC50 value 1.153 μg/ml in Chick Chorioallantoic Mem-

brane model (Ngoua-Meye-Misso et al., 2018). Only seven studies

included reference drugs, five included cytotoxicity of normal cell lines

(Aponte et al., 2007; Deng et al., 2005; Piaru et al., 2012; Sriphana

et al., 2016; Thuong et al., 2014) and four employed statistical methods

to analyze the results (Foundikou et al., 2018; Piaru et al., 2012; Piras

et al., 2012; Thuong et al., 2014).

5.6 | Antimicrobial activity

There were several publications on anti-microbial and anti-viral activi-

ties which mostly lack information of Minimum Inhibitory Concentra-

tion (MIC) value and the most significant activities on Mycobacterium,

oral pathogens, enteric bacteria, and dermal pathogens were reviewed

from 10 studies and 1 review work (Table 9). Malabaricone A isolated

from fruits of Knema glauca exhibited MIC value as 25 μg/ml against

Mycobacterium tuberculosis and Dodecanoylphloroglucinol showed

IC50 value 3.05 μg/ml against Herpes simplex I (Rangkaew et al., 2009).

The EtOAc extract of fruit flesh of M. fragrans showed the bactericidal

activity against oral pathogenic strains of Streptococcus salivarius

(ATCC 13419) and S. mitis (ATCC 6249) with MIC value 0.625 mg/ml

and antibacterial activity against S. mutans (ATCC25175),

Aggregatibacter actinomycetemcomitans (ATCC29522), Porphyromonas

gingivalis (ATCC33277) with 0.62–1.25 mg/ml (Shafiei, Shuhairi, Yap,

Sibungkil, & Latip, 2012). The fruit EO exhibited approx. MIC value

0.03 mg/ml against Shigella dysenteriae, with MIC >1 mg/ml against

Salmonella typhi, Klebsiella pneumoniae, E. coli, Bacillus subtilis and Pro-

teus vulgaris. Trimyristin, Myristic acid and Myristicin isolated through

chloroform extract of seed exhibited approx. MIC value 0.60–

0.62 mg/ml against Pseudomonas aeruginosa, 0.6–1.25 mg/ml against

Staphylococcus aureus, Bacillus subtilis and M. luteus (Narasimhan &

Dhake, 2006; Piaru et al., 2012). Ethylacetate fraction of fruit flesh of

Scyphocephalium ochocoa showed MIC value 16 μg/ml against methi-

cillin resistant S. aureus ATTC 33591, S. aureus ATTC 78-13607A

(Hu et al., 2005). Inhibition zone diameter of leaf EO of M. fragrans

was determined against pathogenic bacteria and Candida tropicalis by

Kirby Bauer method (Mary et al., 2012). Only seven studies and one

literature review were found with MIC out of which five studies and

the literature review were reported with solvent extracts and essential

oil without characterizing the components (Chaichana, 2016; Hu

et al., 2005; Q. Liu et al., 2017; Piaru et al., 2012; Shafiei et al., 2012;

Vinayachandra & Chandrashekar, 2014). However, MIC values

(<25 μg/ml) of only two studies may have moderate translational rele-

vance to the human application (Hu et al., 2005; Rangkaew

et al., 2009) where the former used only extracts without characteriz-

ing the biomarkers and the later did not analyze the results statisti-

cally. The results were statistically analyzed in only four studies (Piaru

et al., 2012; Shafiei et al., 2012; Singh et al., 2005; Vinayachandra &

Chandrashekar, 2014).

5.7 | Antiprotozoal activity

Significant anti-protozoal activity was reviewed by in vitro assays of

six studies against Malaria, Leishmania and Trypanosoma with extracts

and bioactive markers (Table 10). Talaumidin isolated from dic-

hloromethane (DCM) extract of stem of Pycnanthus angolensis showed

an IC50 value of 20.7 μg/ml against Dd2-chloroquine-resistant

P. falciparaum and the stem extract with IC50 value 1.6 μg/ml against

3D7 P. falciparaum (Abrantes et al., 2008). Malabaricone A from n-

Hexane extract of fruits, leaves of Knema glauca showed IC50 value

2.78 μg/ml against Plasmodium falciparaum (Rangkaew et al., 2009).

Myristicyclin A from Horsfieldia spicata exhibited IC50 value 54 μM

against schizont stage of P. falciparum (Lu et al., 2014). Aryltetraline

neolignane and tetrahydrofuran lignan of Iryanthera juruensis arils

showed IC50 value 45 μg/ml and 27 μg/ml against Leishmania

amazonensis (Morais et al., 2009). Water extract of bark of Staudtia

kamerunensis exhibited IC50 value 38.47 μg/ml against Trypanosoma

brucei brucei (Musuyu et al., 2012). Cytotoxicity of experimental

extracts/biomarkers was conducted in only one study, which showed

weak anti-protozoal effect (Musuyu et al., 2012). Results of none of

the studies were statistically analyzed.

5.8 | Antidiabetic activity

Antidiabetic activity was reviewed by inhibition of α-glucosidase,

α-amylase, advanced glycated end products (AGEs) and allied in vitro

assays from three studies and one literature review (Table 11).

Malabaricone C isolated from DCM extract of bark of M. magnifica

showed α-amylase, α-glucosidase and advanced glycated end prod-

ucts (AGEs) inhibition with IC50 value 10.63, 43.61, 14.99, and IC50

32.7 μM against α-amylase with Promalabaricone B (Prabha

et al., 2018, 2019). Pycnanthuquinone A, B from Pycnanthus angolensis

exhibited anti-hyperglycemic activity (Gustafson et al., 2013). Only

one study showed upregulation of gene signaling pathway (Prabha
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et al., 2019) and kinetic study on inihibitory mechanism of

α-glucosidase (Ramadhan & Phuwapraisirisan, 2015).

5.9 | Other biological activities

Other biological activities were reviewed from three studies. Myristica

fragrans seed oil at 20 mg/kg reduced the number of wet feces of cas-

tor oil-induced diarrhea in mice compared to control and reference

atropine (Olajide et al., 2000), whereas adverse effect like sub-acute

gastric mucosal ulceration was observed in repeat dosing study with

increased dose of both indomethacin and nutmeg oil (Olajide

et al., 2000). Malabaricone C and B of methanolic fruit extract of

M. malabarica reduced gastric ulcer by 88.4% and 60.3% within 3 days

in indomethacin (10 mg/kg body wt./day) pretreated mice using Omep-

razole (3 mg/kg/day) as reference (Banerjee et al., 2008). Extract of

Otoba parvifolia exhibited inhibitory activity of Cyt-P450 and 1B1 poly-

peptide transport with IC50 value of 0.65 ± 0.29 (J. Weiss, 2019).

6 | HUMAN CLINICAL TRIALS

Only seven human trials were available with herbal products of

Myristicaceae and biomarkers (Table 12). In an open uncontrolled

study for 4 weeks comprising 196 males 55 females of the average

age of 44 years, polyherbal drug Revivin which contains M. fragrans,

1 cap once daily improved mental state, sleep pattern, overall weak-

ness by 70% without side effects (Usha Rani et al., 1997). In a RDBCT,

commercial topical preparation of M. fragrans with nutmeg and mace

oil and others were used in neuropathic pain of 24 male and 50 dia-

betic females. Topical spray three times/day for 1, 2, 4 weeks

improved patients' compliance and 33% reduction in pain and

improvements in sleep (Motilal & Maharaj, 2013). In a clinical trial

among four healthy young men intravenous administration of

bufotenine exhibited a dose-dependent psychedelic effect at 1–

16 mg comparable with LSD (Fabing & Hawkins, 1956). In a clinical

study comprising Autism Spectrum Disorder (ASD), schizophrenics

and control groups males and females exhibited higher reference of

urinary metabolites of 5-OH-DMT in Autistic and Schizophrenic

patients (3–4 μg/L) compared to control (1 μg/L) reflecting the poten-

tial of diagnostic reference in diseases of transmethylation of seroto-

nin (Emanuele et al., 2010). In two sets of multiple studies, each of the

clinical trials among hallucinogen user women and men, intravenous

DMT at 0.2 and 0.4 mg/kg exhibited visual hallucinatory effect, physi-

cal dissociation and significant mental change within 1.5–2 min. The

hallucinogenic threshold of DMT was found at 0.2 mg/kg and at

0.05 mg/kg showed a therapeutic anxiolytic effect and at 0.3 mg/kg

reduced anxiety without tolerance in non-blind and double-blind stud-

ies (Strassman, 1996; Strassman et al., 1994). In a clinical study of

380 completed participants of mixed race, gender, age and among

TABLE 10 Anti-protozoal activity

Scientific

name Extract Plant parts

Activity against

protozoa IC50 value Compound Positive control References

Pycnanthus
angolensis

Dichloromethame Stem Dd2-chloroquine

resistant

Plasmodium

falciparaum

20.7 μg/ml Talaumidin Chloroquine

hydrochloride

(Abrantes

et al., 2008)

P. angolensis Dichloromethame Stem 3D7 Plasmodium

falciparaum

1.6 μg/ml — Chloroquine

hydrochloride

(Abrantes

et al., 2008)

Knema glauca n-Hexane Fruits,

leaves

MDR Plasmodium

falciparaum

2.78 μg/ml Malabaricone

A

Dihydroartemisinin (Rangkaew

et al., 2009)

Iryanthera
juruensis

— Aril Leishmania

amazonensis

45 μg/ml Guaiacin — (Morais

et al., 2009)

I. juruensis — Aril Leishmania

amazonensis

27 μg/ml Verrucosin — (Morais

et al., 2009)

Staudtia
kamerunensis

Water Bark Trypanosoma

brucei brucei

38.47 μg/ml — — (Musuyu

et al., 2012)

Virola
surinamensis

Hexane — Promastigota

stage of

Leishmania

amazonensis

CIM value

50 μg/ml

— Amphotericin B (Saraiva, 2012)

V. surinamensis Hexane — Promastigota

stage of L.

chagasi

CIM value

100 μg/ml,

CI50
40 μg/ml

— Amphotericin B (Saraiva, 2012)

Horsfieldia
spicata

— — Schizont stage of

P. falciparum

54 μM Myristicyclin

A

— (Lu

et al., 2014)

H. spicata — — Schizont stage of

P. falciparum

230 μM Myristicyclin

B

— (Lu

et al., 2014)
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some hallucinogen users, vaporized 5-MeO-DMT at the dosage range

of 5–7, 8–12, and 13–15 mg with exposure for 35–45 min showed

80% improvements in anxiety and depression in users of mild to high

narcotics (A. K. Davis et al., 2019). Only two RDBCTs were available

with topical application of herbal product (Motilal & Maharaj, 2013)

and intravenous synthetic DMT (Strassman et al., 1994). All the stud-

ies were conducted either in small groups, shorter duration, mostly

single-blind, uncontrolled trials, devoid of the placebo effect, repeat-

ability, safety, drug interactions and adverse effects and did not com-

ply with the guidelines for the efficacy of the clinical trials (Izzo,

Hoon-Kim, Radhakrishnan, & Williamson, 2016).

7 | POISONING AND TOXICITY

Nutmeg poisoning included recreational abuse via oral, nasal, dermal, ocu-

lar exposure and as drug admixture. The toxic dose of nutmeg was

approximately 5 g, myristicin 1–2 mg/kg body wt. (Rahman, Fazilah, &

Effarizah, 2015), elemicin in food upto 0.05 mg/kg (De Vincenzi, De Vin-

cenzi, & Silano, 2004) and 0.02–1.88 mg/L of DMT, 5-MeO-DMT,

harmaline, tetrahydroharmine, harmine in cardiac blood (Sklerov, Levine,

Moore, King, & Fowler, 2005). Myristicin of nutmeg oil is metabolized to

the controlled drugs namely, MMDA, MDMA, MMDMA (Clark,

DeRuiter, & Noggle, 1996), safrole to MDA (Shulgin, Sargent, &

Naranjo, 1967), elemicin to 3,4,5-Trimethoxyamphetamine (Lapoint,

Dargan, & Hoffman, 2013), whereas 5-MeO-DMT, DMT were used as

controlled substances in USA and UK (Federal Register, 2010; Tittarelli,

Mannocchi, Pantano, & Saverio Romolo, 2015; Waller & Sampson, 2018).

In hepatocytes of 344 male Fischer rats weighing 155–240 g,

myristicin showed cytotoxicity at 10−3 M and CytP450 mediated 10-

hydroxylation and sulfation of elemicin showed genotoxicity by UDS

(Hasheminejad & Caldwell, 1994). Among male SD rats of 200–250 g

myristicin at 500 μM/kg enhanced rat liver P450 enzymes 2–10 times

than control (Jeong & Yun, 1995). Physiology-based kinetic (PBK)

model showed that detoxification of carcinogenic HE to 10-

hydroxyelemicin glucuronide (HEG) was more efficient than carcino-

genic sulfonation to 10-sulfoxyelemicin (HES) and increased cancer

incidence of elemicin was found lesser than other alkylbenzenes (Van

den Berg et al., 2012). In a human study among 21–25 years of eight

men and women of 50–83 kg, C14 safrole administration showed

rapid absorption within 30 min in blood plasma and 90–98% urinary

and fecal elimination by 4–5 days (Benedetti, Malnoe, &

Broillet, 1977). The sub-hallucinogenic dose of nutmeg powder 0.5–

1.0 g showed therapeutic potential than the hallucinogenic dose of 4–

5 g to 10–15 g (Khare, 2008; Panayotopoulos & Chisholm, 1970;

G. Weiss, 1960). In a study among male SD rats 200–250 g, harmane

intravenous injection at 0.5 mg/kg showed first-order elimination and

oral dose at 20 mg/kg exhibited blood plasma level 1.7 ± 0.5 μg/ml

and 19% bio-availability after 20 min (Guan, Louis, & Zheng, 2001). In

a study among 20 male SD rats, weighing 190–260 g bufotenin was

metabolized to 5-HIAA through MAO-A and was distributed in lung,

heart, brain, and liver after 1 hr and was eliminated rapidly. (Fuller,

Snoddy, & Perry, 1995). Though the biomarkers namely, myristicin,T
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TABLE 12 Clinical trials with nutmegs and biomarkers

Species Parts used Type of assay/study Compound/extract Observations References

— — Clinical trial among four healthy

young men with subsequent

dosage of each intravenous

injections of 1 mg, 2 mg,

4 mg, 8 mg to four

participants and 16 mg

injection to second

participant

Bufotenine Intravenous administration of

bufotenine exhibited dose-

dependent psychedelic effect

at 4 mg/kg comparable with

LSD

(Fabing &

Hawkins, 1956)

— — Dose response study of DMT

with 0.05 mg/kg, 0.1 mg/kg,

0.2 mg/kg and 0.4 mg/kg

among 11 subjects (one

woman and 10 men), 1 week

for men, 1 month for woman

Dimethyl-tryptamine

fumarate

0.2 and 0.4 mg/kg dosage

enhanced immediate onset of

hallucinatory effect on

changes in vision, physic and

psyche. 0.05 and 0.1 mg/kg

dosage exhibited effect on

emotion and physic but not

hallucinogenic.

(Strassman, Qualls,

Uhlenhuth, &

Kellner, 1994)

— — DB tolerance study with

hallucinogenic dose (0.05,

0.1, 0.2 and 0.4 mg/kg)

among 12 hallucinogen users

DMT fumarate and saline

placebo

0.2 mg/kg dosage showed

significant effects than

placebo. 0.05 and 0.1 mg/kg

dosage affected physical and

affective functions, less

perceptual changes

(Strassman, 1996)

— — DB tolerance study with

hallucinogenic dose (0.3 mg/

kg) among 13 hallucinogen

users for four times at half

hour intervals

DMT fumarate and saline

placebo

Decrease in hallucinogen rating

in 1–2 sessions with decrease

responses of physiological

effect on adrenocorticotropin

(ACTH) and prolactin (PRL)

(Strassman, 1996)

— — DB tolerance study with sub-

hallucinogenic dose (0.1 mg/

kg) among 12 hallucinogen

users

DMT/saline placebo, in

combination with 30 mg

oral racemic pindolol/

placebo-pindolol

Reduced responses of PRL,

ACTH and increased mean

arterial blood pressure

(Strassman, 1996)

M. fragrans — Open uncontrolled trial for

4 weeks among 251 patients

of 44 yrs (196 male +55

female)

Revivin (polyherbal drug

which contains M.

fragrans)

1 cap/day

Improved mental state, sleeping

condition and overall

weakness by 70% without side

effects

(Usha Rani, Naidu,

Kumar, &

Shobha, 1997)

— — Clinical study with Autism

Spectrum Disorder (ASD),

schizophrenics, control

groups, males and females;

15 for each category and 18

in control whose urine was

examined by single blind

laboratory staff

5-OH-DMT Exhibited urinary metabolites of

5-OH-DMT in Autistic and

Schizophrenic patients (3–
4 μg/L), higher compared to

control (1 μg/L)

(Emanuele et al., 2010)

M. fragrans Nut, mace Randomized double-blind

clinical trial among 74

diabetic neuropathy patients

(24 male +50 females) 30–
85 yrs for 1, 2, 4 weeks

Commercial topical

preparation comprising

nutmeg oil, mace oil,

methyl salicylate,

menthol, coconut oil and

alcohol sprayed 3 times/

day

Patients' compliance, pain, and

functional interference was

scored by numerical rating

scales, visual analogue scales.

After 1 week reduction in pain

compared to placebo.

After 4 weeks 33% reduction in

pain and improvements in

sleep in both placeobo

(excluding nutmeg and mace

oil) and nutmeg groups

(Motilal &

Maharaj, 2013)

— — Clinical study among 380

completed participants of

mixed race, gender, age, and

some hallucinogen users of

>18–21 yrs, 4 months

5-MeO-DMT 5-MeO-DMT at dosage of 5–7,
8–12, and 13–15 mg by

inhalation for 35–45 min,

showed 80% improvement in

anxiety and depression among

participants with mild to high

narcotics exposure

(A. K. Davis, So,

Lancelotta, Barsuglia,

& Griffiths, 2019)

Note: DB - Double Blind.
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elemicin, safrole, DMT, 5-MeO-DMT and metabolites are mostly used

as controlled substances, the toxicity threshold value of nutmeg and

the biomarkers were found safer than other alkylbenzenes and rela-

tively quicker elimination while DMT and 5-MeO-DMT exhibited

therapeutic effect at sub-hallucinogenic dose.

8 | INDUSTRIAL APPLICATIONS

Estimated value of the world market of nutmeg and mace is over

140 million, annual production >12,000 MT where 70% are East Indian

(Indonesia) and 20–25% West Indian (Grenada) nutmegs. Significant

user countries are namely, Europe, USA, Germany, Netherlands, France

and others. The major products are whole and ground nutmegs and

mace, oleoresin, essential oils and nutmeg butter used in the food and in

perfumery industry where myristicin and sabinene are used as chemical

markers and common adulterants are Myristica malabarica and

M. argentea (Farnsworth, 1968; Gottlieb, 1979; Maya, 2005;

Sinclair, 1958; Singh, Sankat, & Mujaffar, 2003). One of the major by-

products is wax or waxy “tallow,” seed oils of Virola sebifera,

V. surinamensis, V. bicuhyba, Otoba novogranatensis, Osteophloeum platy-

spermum for candles, lanterns, and soaps (Kobelnik et al., 2013;

Williams, 1960). Myristicaceae biomarkers namely,T, DMT, 5-MeO-

DMT, 5-OH-DMT, horsfiline, myristicin exhibited futuristic scope for

therapeutic and diagnostic agents in Alzheimer's disease, anxiety,

depression, schizophrenia, bipolar disorder, drug addiction, PTSD, ASD,

cancer, pain and others (Jossang et al., 1991; Takeda, Ikeda, Ohba, &

Kondo, 1995; Winkelman, 2001; Zucchi et al., 2006; Frecska et al.,

2013; Pavlovska et al., 2015; Tupper, Wood, Yensen, & Johnson, 2015;

Gallimore & Strassman, 2016; Carlini & Maia, 2017; Reiche et al., 2018;

Rucker, Iliff, & Nutt, 2018; Wahab et al., 2016). Most of the biomarkers

were characterized by TLC, GC, GC–MS, 1H, and 13C NMR (Conserva

et al., 1990; Cuca et al., 2009; Holmstedt et al., 1980; Pinto &

Kijjoa, 1990; Talukdar et al., 2000) which needs urgent upgradation.

9 | CONCLUSION AND FUTURE SCOPE

Wide use of nutmegs and wild nutmegs were presented in this

review as ethnomedicine to treat diverse health ailments namely,

mental, nervous, stomach, reproductive disorders, skin infections,

malaria, asthma, rheumatism, as a stimulant, febrifuge, as psychoto-

mimetic agents and others. Though nutmeg had been used in tradi-

tional systems of medicines, the review found wide gap areas for

improvements in future research.

Diverse analytical techniques to be employed for isolation, identi-

fication of novel biomarkers with therapeutic significance and scien-

tific congruence to ethnomedicinal claims.

Extensive investigations are required for promising botanical ther-

apeutic agents from limitedly explored wild nutmegs with new indica-

tions for clinical practice.

Traditional use of nutmeg and wild nutmegs in asthma, cough and

cold, rheumatism, as stimulant, body and brain tonics and others lack

pharmacological evaluations which need urgent attention. Pharmaco-

logical studies were largely focused on inflammatory, immunomodula-

tory, anticancer, and antimicrobial activities. Rest biological activities

namely, cholinesterase inhibition, anxiolytic, and neuroprotective

require extensive randomized double-blind clinical trials of biomarkers

for pharmacokinetics, safety, drug interaction, toxicity, and therapeu-

tic windows. As most of the studies do not comply with the current

practice, standards and guidelines of pharmacological research on

herbal products (Andrew & Izzo, 2017; Izzo et al., 2016, 2020) strin-

gent guidelines to be followed in rigorous future research on herbal

extracts and products of nutmegs and wild nutmegs as herbal thera-

peutics for translational use in human in neuropsychiatric, neurode-

generative, life-threatening, metabolic, infectious, and other disorders.
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