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Abstract

Morinda citrifolia (Noni) is well known as a plant with therapeutic potential and is also
attractive to the food and cosmetic industries. Traditional medicine supports its use, mainly
for the treatment of metabolic disorders and chronic inflammation but also for certain types
of cancer. Noni has been the subject of considerable interest within the scientific community
due to its purported health benefits. However, despite its growing popularity and extensive
traditional use, significant gaps remain in the empirical understanding of its properties,
mechanisms, and potential applications. To understand its biological activity, particular
attention has been given to several chemical compounds present in its leaves and fruits, as
they have been identified as bioactive agents. Moreover, several studies support the idea
that specific flavonoids and anthraquinones from noni act on enzymes and transporters
associated with glucose and lipid metabolism in humans. Its involvement in cardiovascular,
neurological, metabolic, and inflammatory regulation across several high-burden diseases
expands the potential medical applications of noni. This narrative review presents the
current state of knowledge, highlighting preclinical studies that suggest the mechanisms of
action underlying the observed effects, including theoretical approaches proposing specific
interactions between noni compounds and proteins associated with human diseases as
potential therapeutic targets. It also identifies areas where information remains insuffi-
cient and proposes future research directions for pharmacological applications, including
the need for additional clinical studies and more comprehensive pharmacokinetic and
toxicological evaluations.

Keywords: phytomedicine; ethnopharmacology; inflammation; infectious diseases; cancer;
diabetes; crystal structures; in silico assays
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1. Introduction: Morinda citrifolia and Its Use in Traditional Medicine
Humans have used plants for thousands of years. Herbal medicine aligns with global

research interests in uncovering traditional plant knowledge as a source of alternative
therapies commonly used worldwide [1]. Recently, studies on the use of Morinda citrifo-
lia (commonly known as noni or Indian mulberry) have gained attention by seeking to
determine its effectiveness, mechanisms of action, safety, appropriate dosage, and target
populations across a wide range of potential therapeutic applications [2]. However, the spe-
cific actions of some compounds found in this plant remain unclear, and their mechanisms
of action are often poorly described or insufficiently supported.

The noni plant is a small- to medium-sized (3–10 m tall) fruit-bearing tree that grows
throughout the tropics [3]. The fruit typically matures within 9 to 12 months after planting.
When unripe, it is dark green, whereas when ripe, it has a lumpy green to yellowish-white
appearance [4].

Noni has garnered significant attention in traditional medicine and contemporary
research, including ethnopharmacological studies. Originating in Southeast Asia and
Australasia, it has been traditionally used in various cultures for its purported health bene-
fits [5], despite its association with certain myths and perceived toxicity [6]. Recent scientific
investigations have sought to validate and understand the mechanisms underlying these
traditional uses, focusing on its phytochemical constituents and biological activities. In
addition, chemical analyses and genotoxicity tests have shown that noni does not exhibit
genotoxic potential [7,8]. Due to increasing interest in this plant, several countries have
promoted noni cultivation, and some have reported differences in its chemical composition
associated with soil characteristics, temperature, and other environmental conditions [9]. Ef-
forts to enhance the production of bioactive compounds in noni have also been undertaken,
with studies focusing on optimizing conditions for root growth and compound extraction.
Techniques such as adventitious root cultures in bioreactors have been employed to im-
prove the yield of anthraquinones, phenolics, and flavonoids [10]. In traditional medicine,
noni has been used to treat a wide variety of ailments. However, interest in its medical
applications has increased substantially. As an example, the number of articles indexed in
PubMed has increased from one or two publications per year approximately 70 years ago
to nearly one hundred publications annually in recent years (Figure 1).

Figure 1. Articles in the PUBMED-database regarding studies with Morinda citrifolia (Articles with
terms “Morinda citrifolia OR noni” published between 1951 to 2025).
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In fact, noni represents a promising avenue for the development of novel therapeutic
agents. Continued research, particularly well-designed clinical studies, will be crucial for
translating traditional knowledge into evidence-based applications in modern medicine.

For instance, in Polynesian cultures, the entire plant has been used to treat gastroin-
testinal disorders, respiratory diseases, and inflammatory conditions [11]. These traditional
uses have provided the foundation for modern scientific investigations aimed at validating
and understanding the mechanisms underlying the effects of noni [12]. Particular atten-
tion has been given to the noni fruit because of its therapeutic potential, which has been
attributed to its diverse phytochemical profile. It has been reported to be effective in the
treatment of numerous diseases, including cancer, hypertension, inflammation, diabetes,
cardiovascular diseases, infections, arthritis, asthma, as well as mental depression, diarrhea,
and indigestion [6,13,14].

The wide variety of phytochemical constituents in noni has demonstrated a broad
spectrum of biological activities, including antimicrobial, antiseptic, antifungal, antiox-
idant, anti-inflammatory, anti-arthritic, anticancer, antidiabetic, antiviral, antiparasitic,
and antituberculosis effects, as well as wound-healing, memory-enhancing, anxiolytic,
sedative, analgesic, gastric ulcer-healing, antigout, antihyperuricemic, immune-enhancing,
antiosteoporotic, otoprotective, antihelminthic, hypotensive, and LDL oxidation-preventive
effects [15,16].

To explain its medicinal benefits, one of the most extensively studied properties of
noni is its antioxidant activity. Noni fruit extract has demonstrated significant free radical-
scavenging ability, which is attributed to its high phenolic content. This antioxidant capacity
is associated with many of its therapeutic effects, including its potential for managing
oxidative stress-related diseases [17]. It has also been associated with strong nitric oxide
inhibitory activity, suggesting anti-inflammatory properties [6]. Accordingly, the anti-
inflammatory potential of noni has also been the subject of considerable interest. Both
in vivo and in vitro studies have shown that noni can modulate inflammatory pathways,
suggesting its potential for the treatment of inflammatory disorders [18].

In addition, the anticancer potential of noni has been explored in several studies.
Compounds isolated from noni, such as damnacanthal and nordamnacanthal, have demon-
strated cytotoxic effects against various cancer cell lines. These findings suggest a potential
role for noni in cancer therapy, either as a standalone treatment or as an adjunct to con-
ventional therapies [19]. Likewise, noni also exhibits potential as an antidiabetic agent by
inhibiting α-amylase and α-glucosidase [6,20].

Despite these promising findings, the medicinal use of noni should be approached
with caution. Rigorous clinical trials are necessary to establish its safety and efficacy for
therapeutic applications. Furthermore, the potential for interactions with conventional med-
ications and the variability among noni preparations highlight the need for standardized
products and dosage regimens in clinical research [6].

Advances in noni research have led to the identification of more than 200 bioactive
constituents. These include a diverse array of carbohydrates, organic acids, alcohols,
flavonoids, vitamins, ketones, fatty acids, sterols, carotenoids, phenolic compounds, and
other phytochemicals (see below for details) [21,22]. The bioavailability of essential health-
related elements in noni fruit is associated with the presence of minerals such as calcium,
potassium, and phosphorus, which are found at relatively high concentrations together
with bioactive compounds and may contribute to the observed immunomodulatory effects.
These elements are essential for numerous physiological functions, including bone health,
cellular function, and metabolic processes, further supporting the potential of noni as a
nutritional supplement.
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This narrative review presents the current state of knowledge and proposes future
directions for research. It focuses on the analysis of compounds reported in preclinical
studies, suggesting mechanisms of action that may explain the observed effects, including
theoretical models indicating specific interactions with selected protein targets. Clinical
trials and theoretical studies were subsequently analyzed to either refute or strengthen the
evidence supporting putative targets involved in human diseases.

To this end, a literature search of English-language articles was conducted using the
PubMed, Google Scholar, and Scopus databases. The search terms were “noni,” “Morinda
citrifolia,” “biological effects,” and “therapeutic effects.” PubMed was searched using the
Phytochemistry and Therapy Clinical Queries filters. Two authors (E.E.-F. and M.A.S.-
U.) independently reviewed, discussed, and selected abstracts relevant to the treatment
of high-burden diseases. Review articles published during the current century were
given higher priority for inclusion; however, the relevance and recency of the available
evidence were also considered. Some review articles were excluded because they contained
information that substantially overlapped with that of other included manuscripts. To
enrich the information regarding effects studied in humans, a search of ClinicalTrials.gov
was conducted, and the retrieved information was analyzed and curated for inclusion in
the final section of this manuscript. Finally, to illustrate specific molecular interactions, the
Protein Data Bank was searched for structures involving selected compounds identified in
noni, and the resulting information was incorporated into this manuscript.

Therefore, several studies support the notion that different flavonoids and an-
thraquinones present in noni act on enzymes and transporters associated with glucose
and lipid metabolism in humans [16]. The involvement of metabolic and inflammatory
regulation in several high-burden diseases, such as diabetes, cancer, stroke, and heart
failure, further expands the potential medical applications of noni. Future investigations
could focus on developing and optimizing methodologies for incorporating noni fruit
into different products, with particular emphasis on modifying and improving its sensory
properties. This approach aims to reduce or even eliminate adverse reactions arising from
its characteristic taste and aroma, thereby expanding its applicability and acceptance within
the food and nutrition industries.

2. The Chemical Compounds of Noni
As mentioned above, noni plants are rich in bioactive compounds, with more than

200 constituents having been identified, although some studies have reported just over
120, as reflected in the NCBI Phytochemical Library [23]. To optimize production, chemical
analyses of noni extracts using techniques such as gas chromatography–mass spectrometry
(GC-MS) have provided detailed profiles of the plant’s bioactive constituents [24]. These
analyses are crucial for standardizing noni products and ensuring consistency in their
therapeutic effects, which is particularly important for their use in clinical settings. GC-MS
has been used to investigate the bioactive constituents present in ethanolic extracts of noni
leaves and fruit juice, providing detailed chemical profiles of the plant [25].

The bioactive compounds of noni are distributed throughout different parts of the
plant, including the fruit, leaves, and roots, each characterized by distinct chemical profiles
and biological activities. Among the most notable compounds are anthraquinones, such
as morindone and morindin, as well as aucubin, asperuloside, asperulosidic acid, and
scopoletin [26], which are primarily recognized for their pharmacological potential [27,28].
In addition, noni has attracted attention as a sustainable and affordable nutritional re-
source [29]. This productive capacity further underscores the sustainability and economic
viability of noni cultivation [30].
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Scopoletin, octanoic acid, potassium, vitamin C, terpenoids, alkaloids, anthraquinones,
iridoids, asperuloside, asperulosidic acid, deacetylasperuloside, citrifolinin, citrifoside,
and dehydroepoxymethoxygaertneroside have been identified in different parts of the
plant [31,32]. The iridoids present in the leaves exhibit potent antioxidant properties,
making them of particular interest for the development of therapeutic agents targeting
oxidative stress-related conditions [33,34].

Noni fruit is rich in phytochemicals, particularly anthraquinones, flavonoids, lignans,
and iridoids, which are believed to contribute to its antioxidant, anti-inflammatory, and
anticancer activities. The presence of these important bioactive compounds contributes to
understanding the potential health benefits associated with M. citrifolia consumption. These
compounds include phenolics, total flavonoids, ascorbic acid, monomeric anthocyanins, β-
carotene, and lycopene [35]. For instance, iridoids, which are unique secondary metabolites
found in noni, particularly deacetylasperulosidic acid, the most abundant iridoid, have
attracted considerable research interest because of their broad range of biological activi-
ties [36]. Recently, this compound has shown great potential for modulating the immune
response and improving dermal barrier function [37]. Damnacanthal is well documented
for its antibacterial and antitumor activities, playing a critical role in modulating cancer cell
proliferation and inducing apoptosis [38]. Noni fruit also contains octanoic acid, caprylic
acid, hexanoic acid, and caproic acid, all of which have been shown to possess antifungal
properties. Furthermore, asperulosidic acid exhibits antibacterial activity, while quercetin
acts as a lipoxygenase inhibitor, providing anti-inflammatory effects. Additionally, the fruit
contains Americanin A, a potent antioxidant [28].

Comprehensive phytochemical analyses of noni have also revealed other bioactive
compounds, such as saponins and scopoletin, together with a rich profile of vitamins,
including vitamin C, B1 (thiamine), B2 (riboflavin), B3 (niacin), and B12 (cobalamin) [39].
Scopoletin, another bioactive compound, exhibits anti-inflammatory, antihypertensive, and
analgesic properties. These effects are mediated through its interaction with key cellular
pathways, including peroxisome proliferator-activated receptor gamma (PPARγ), nuclear
factor kappa B (NF-κB), and mitogen-activated protein kinase (MAPK) pathways, which
are involved in immune modulation, cell proliferation, and the regulation of apoptosis (see
below for details) [40].

Furthermore, the seeds of noni fruit contain polyphenols known for their antioxidant,
antimutagenic, and antitumor properties, as well as flavonoids that have been reported
to possess free radical-scavenging, anti-inflammatory, antiallergic, antiviral, and anticar-
cinogenic activities. Carotenoids present in noni contribute to cell signaling, antioxidant
activity, metabolism, immune function, provitamin A activity, and protection of the skin
against UV-induced damage, while their in vitro anticancer, antifungal, and antimicrobial
activities further highlight their therapeutic relevance [26].

Moreover, a review by Lv et al. describes the diverse uses of different parts of the
noni plant [41], reporting that the leaves contain Americanin A, a potent larvicidal and
antioxidant compound, and quercetin, which is known for its antimicrobial activity. Ursolic
acid, another constituent of the leaves, exhibits notable antitumor activity, whereas β-
sitosterol has been associated with cholesterol-lowering effects and immunomodulatory
functions. Additionally, citrifolinoside B, an iridoid, has been shown to suppress UVB-
induced activation of activator protein-1 (AP-1), which is associated with cellular protective
mechanisms. Scopoletin, a compound with documented antiproliferative effects, has also
demonstrated potential in cancer treatment [41].

The roots of noni are rich in anthraquinones, such as damnacanthal, which ex-
hibits antibacterial, antiviral, and antitumor activities, making the roots a promising
resource for medicinal applications [34,41]. They also contain 8-hydroxy-8-methoxy-2-
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methylanthraquinone and 1,3-dihydroxy-6-methylanthraquinone, both of which display
antiviral activity. In addition, the roots contain asperuloside, an iridoid with notable an-
tibacterial effects; quercetin, a flavonoid with potent antioxidant properties; and scopoletin,
which also exhibits antibacterial activity [32].

In addition to their wide range of bioactive compounds, noni leaves are a valuable
nutritional resource, containing 15 amino acids of considerable nutritional importance.
These amino acids, including essential amino acids such as lysine, leucine, and valine,
contribute to the overall health benefits of noni leaves by playing vital roles in protein
synthesis, muscle repair, and immune function. The presence of these amino acids not
only enhances the therapeutic potential of the plant but also underscores its value as a
nutritional supplement [42].

This review is centered on the identification of compounds with multiple biological
activities, suggesting their potential applications in human diseases.

In the following table (Table 1), a collection of bioactive compounds is presented for
easy location of information on each specific compound.

Table 1. Phytochemical compounds of Morinda citrifolia and specific pharmacological evidence
(chemical structures are in Figure 2) *.

Compound/Class Plant Part
(%) #

Experimentally Reported
Pharmacological Activity [References]

Main
Experimental

Evidence

Iridoids

Deacetylasperulosidic
acid Fruit (1.38–4.29)

Modulates immune response; improves
dermal barrier function; inhibits a-amylase

and a-glucosidase [41,43]
In vitro, in vivo

Asperulosidic acid Fruit (0.07–0.89), leaves Antibacterial activity; modulates COX-2
enzyme expression [39,44] In vitro, in vivo

Asperuloside Root, leaves
(0.005–0.006) Antibacterial effects [45,46] In vitro

Citrifolinoside B Leaves
Suppresses UVB-induced activator

protein—1 activity, contributing to skin
protection [47,48].

In vitro

Anthraquinones

Damnacanthal Leaves, Root

Exhibits anticancer properties through
inhibition of Ras oncogene activation and

induction of apoptosis in cancer cells.
Anti-tumoral properties; tyrosine kinase

inhibitor [43,49,50].

In vitro, in vivo

Morindin/Morindone Leaves (0.05–8.86), Root,
Bark

Exhibits antiviral activity particularly
against herpes simplex virus, by interfering

with viral replication
mechanisms [48,51,52].

In vitro

Rubiadin Root Exhibits antiviral activities, particularly
against specific viral pathogens [46,53]. In vitro

Morenone Root Displays anti-tumoral effects, particularly in
inhibiting tumor cell growth [47,54]. In vitro

Flavonoids & Phenolics
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Table 1. Cont.

Compound/Class Plant Part
(%) #

Experimentally Reported
Pharmacological Activity [References]

Main
Experimental

Evidence

Scopoletin
Leaves, Fruit

(0.44–0.51), Root,
Flowers

Demonstrates anti-inflammatory, analgesic,
and hypotensive effects by modulating

cytokine production and nitric oxide
synthesis. Shows antiproliferative effects in

cancer cells [44,55].

In vitro, in vivo,
in silico

Quercetin
Leaves,

Fruit(0.078–1.28), Root,
Bark, Flowers

Anti-inflammatory, antioxidant, and
antihistamine effects, useful in managing

allergies and reducing inflammation.
Lipoxygenase inhibitor [55,56].

In vitro, in vivo

Quercetin-3-O-β-D-
glucopyranoside Leaves (0.151) Antimicrobial [57–59]. In vitro, in vivo

Rutin
Leaves, Fruit

(0.102–0.181), Root,
Bark, Flowers

Demonstrates antioxidant and
anti-inflammatory effects, supporting
vascular health and reducing capillary

fragility; modulates PGE synthase [58,60].

In vitro, in silico

Catechin Leaves, Fruit (8.64),
Flowers

Exhibits strong antioxidant activity,
supports cardiovascular health, and

demonstrates anticancer effects [61,62].
In vitro

Gallocatechin Leaves, Fruit, Flowers
Provides antioxidant and anti-inflammatory
properties, beneficial for heart health and

reducing oxidative stress [62,63].
In vitro

Epigallocatechin Leaves, Fruit, Flowers
Acts as a potent antioxidant, contributes to

heart health, and has shown anticancer
activities [61,64].

In vitro

Kaempferol Leaves, flowers (0.310)
Lowers blood cholesterol levels and exhibits

antioxidant activity, protecting against
oxidative damage [65–68].

In vitro

Other bioactive compounds

Americanin A Leaves, fruit
Demonstrates larvicidal and antioxidant

effects with potential for use in pest
control [69].

In vivo, in vitro

Ursolic acid Leaves Exhibits Anticancer, anti-inflammatory, and
antioxidant effects. Triterpenoids [70–72]. In vitro

B-sitosterol Leaves Helps lower cholesterol levels and
stimulates the immune system [73,74]. In vitro, in silico

Eugenol Flowers
Possesses antiseptic and analgesic

properties, beneficial for oral health and
pain relief [64,75].

In vitro

Octanoic Acid
(caprylic)

Fruit, Leaves (38.7 in
essential oil)

Acts as an antifungal agent, protecting
against fungal infections [65,66,76]. In vitro

Caproic Acid Fruit, Leaves (8.6–20 in
essential oil)

Exhibits antimicrobial properties, effective
against a range of pathogens Antifungal

and antioxidant [67,68].
In vitro

* Only pharmacological activities experimentally reported for compounds isolated or identified in Morinda citrifolia
are summarized. General nutritional functions common to these molecules in other biological systems were
intentionally excluded.# Approximate value of percentage in the total extract of the mentioned part of plant.
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Figure 2. Chemical structures of some bioactive compounds in noni.
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3. The Effects of Extracts in Recent Preclinical Studies
In recent years, bioactive compounds derived from noni have been extensively evalu-

ated in preclinical models, particularly in cell-based systems and rodent models, including
mice and rats. These studies have demonstrated the therapeutic potential of noni in manag-
ing a wide range of human diseases, including cancer; infections; inflammatory conditions;
cardiovascular diseases (such as hypertension and stroke); metabolic disorders (particularly
obesity and diabetes); and conditions associated with disease progression, for example,
through modulation of the microbiota [77–80]. Based on the preclinical studies collected in
this review, several findings have the potential to significantly impact human health in the
coming years, as many have been published only recently.

Noni has demonstrated a variety of anticancer properties in animal models through
multiple mechanisms, including antitumor, antiproliferative, proapoptotic, antiangiogenic,
antimigratory, anti-inflammatory, and immunomodulatory activities [48]. As an illustrative
example involving specific bioactive compounds, Matsuda et al. investigated the effects of
noni extracts on melanin synthesis using both in vitro murine melanoma cell models and
in vivo rat models. The authors found that noni extracts significantly inhibited four key
processes associated with skin aging: tyrosinase activity, melanogenesis, human leukocyte
elastase (HLE) activity, and matrix metalloproteinase-1 (MMP-1) activity. These findings
suggest that noni may protect against the development of pigmented lesions and wrinkles,
highlighting its potential as a therapeutic agent for skin health [81].

Another notable study, conducted in 2020, investigated silver nanoparticles synthe-
sized using M. citrifolia and demonstrated their activity against Ehrlich ascites carcinoma
cells transplanted into mice. The authors found that these nanoparticles effectively reduced
oxidative responses and suppressed tumor growth, indicating potential anticancer proper-
ties [82]. A more recent review further expands the evidence supporting the effectiveness
of noni against several types of cancer, including lung, esophageal, liver, and breast cancer,
as well as its potential role in cancer chemoprevention. In particular, anthraquinones,
flavonoids, sugar derivatives, and neolignans have been proposed as promising drug can-
didates or pharmacophores for the development of novel anticancer agents [83]. Moreover,
some studies suggest that noni may serve as an adjuvant to current anticancer therapies.
For example, noni has been reported to enhance the antineoplastic activity of cyclophos-
phamide while reducing toxicity in healthy cells in mice [82,83].

Recent applications in infectious diseases have also been reported. During the COVID-
19 pandemic, Dharmashekara et al. conducted a virtual screening of phytochemical can-
didates against SARS-CoV-2. Among the compounds evaluated, one derived from M.
citrifolia and another from Morus alba exhibited high binding affinity and favorable ADME
properties, suggesting their potential as antiviral agents [84]. Other authors have also
suggested that noni compounds may exert beneficial effects against viral infections and
their associated symptoms, including post-COVID manifestations. More recently, in early
2024, Rajivgandhi et al. [85] reported that essential oils derived from noni exhibited po-
tent antibacterial activity against multidrug-resistant bacteria, including Proteus mirabilis,
Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus aureus. These effects were ob-
served after 24 h of incubation on Mueller–Hinton agar plates. Additionally, the essential
oils inhibited the growth of A549 lung cancer cells, further highlighting their potential
therapeutic applications [85].

Research into anti-inflammatory compounds derived from noni is extensive, with
particular attention given to the fruit, including the pulp, juice, and seeds. Modulation of cy-
tokine production and inhibition of enzymes such as cyclooxygenase-2 (COX-2) are among
the principal mechanisms proposed to explain its anti-inflammatory effects. One particu-
larly noteworthy report identified five compounds present in noni fruit juice—asperulosidic
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acid, rutin, nonioside A, (2E,4E,7Z)-deca-2,4,7-trienoate-2-O-β-D-glucopyranosyl-β-D-
glucopyranoside, and triacetin—as active modulators of the expression of key enzymes,
including cyclooxygenases [86]. In addition, a 2017 study in nephropathy-induced albino
rats demonstrated that an alcoholic extract of noni exerted anti-inflammatory and nephro-
protective effects. These effects were attributed to its antioxidant properties and its ability
to reduce cholesterol levels [68]. Likewise, Campos et al. (2017) [87] conducted a series of
experiments using male Swiss mice (25–30 g) to evaluate the anti-inflammatory activity
of noni seeds. Using carrageenan-induced paw edema, carrageenan-induced peritonitis,
and cerulein-induced acute pancreatitis models, the researchers demonstrated that Morinda
citrifolia lipid transfer protein 1 (McLTP1) exhibited potent analgesic and anti-inflammatory
properties, even after oral administration [87]. Additional studies in mice have shown
that noni attenuates the complex inflammatory responses associated with colitis, including
modulation of enzymatic activity and immune cell responses [88].

Regarding the cardiovascular system, Oluwafemi et al. [89] reported in 2020 that noni
extracts attenuated transcriptional alterations and degenerative markers associated with
cardiac toxicity in bisphenol A-treated male Wistar rats. The study also demonstrated
significantly increased levels of nitric oxide and adenosine in treated animals, suggesting
cardioprotective effects. A subsequent study published in 2023 by Oyabambi reported
findings consistent with this cardioprotective action [89,90]. In addition, studies in rats have
demonstrated antihypertensive activity, while preliminary in silico analyses suggest that
scopoletin may be one of the principal bioactive compounds responsible for this effect [90].

Within the field of metabolic diseases, numerous preclinical studies have been con-
ducted, and one of the principal commercial applications of noni is related to the use of
noni juice for glycemic regulation. For example, in a series of studies conducted between
2022 and 2023, Mo et al. [91] demonstrated that noni fruit polysaccharides improved lipid
metabolism disorders in male C57BL/6J mice. These disorders, induced by prolonged
consumption of a high-fat diet, included hyperlipidemia, hypercholesterolemia, intestinal
microbiota dysbiosis, and intestinal barrier dysfunction. Consumption of noni fruit amelio-
rated these metabolic disturbances [79]. Several studies support the combined antioxidant,
anti-inflammatory, and antidiabetic effects of noni administration [7]. Although most
studies confirm the hypoglycemic effects of noni, some have also raised concerns regarding
potential toxic effects, including nephrotoxicity associated with chronic consumption. For
example, Oliveira et al. found that noni administration improved time to fatigue and
workload in diabetic rats, in addition to reducing hyperglycemia. These findings may
be associated with improved energy efficiency promoted by noni supplementation, since
oxygen consumption did not differ between groups despite longer exercise duration in
animals receiving noni [92].

It should also be noted that abundant evidence exists regarding the effects of noni
on the central nervous system in animal models of human disease [93,94]. In this context,
several compounds appear to be active on amine receptors, particularly catecholamine and
acetylcholine receptors, as well as on enzymes involved in amine biotransformation, such
as monoamine oxidases [2,5].

4. Potential Targets of Identified Bioactive Compounds Isolated in Noni
4.1. From In Silico Assays

Due to the growing body of evidence supporting the beneficial effects of bioactive
compounds isolated from noni, bioinformatics approaches have been employed to explore
and identify the potential activities of specific compounds in human diseases. Accordingly,
the potential effects of these compounds have been investigated at the level of RNA
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transcription and through their direct interactions with human proteins, including enzymes
and membrane proteins associated with infectious and chronic degenerative diseases [95].

In silico studies provide a computational approach for understanding how these com-
pounds interact with biological systems, allowing researchers to predict their potential
efficacy in the treatment of various human diseases. These approaches have proven par-
ticularly valuable for identifying the molecular mechanisms through which noni-derived
bioactive compounds exert their biological effects, especially at the level of RNA transcrip-
tion and protein interactions [95].

Several studies have explored the effects of these compounds on transcriptional regula-
tion, with particular emphasis on their influence on gene expression associated with chronic
degenerative diseases such as cancer, diabetes, cardiovascular diseases, and infectious dis-
eases. For example, in silico models and ligand–protein crystal structures have supported
the potential regulatory effects of noni compounds, particularly the flavonoids rutin and
quercetin, which are also found in other plant species, on transcription factors and enzymes
involved in oxidative stress and inflammatory pathways (Figure 3) [96]. These pathways
play central roles in the progression of chronic diseases [97] and are closely associated with
the modulation of inflammatory processes.

 

Figure 3. Crystal structures of experimentally solved complexes of Rutin on prostaglandin E synthase
(PDB ID:1RY8, on the left) and Quercetin on Pim1, an inflammation oncogene-related protein (PDB
ID: 2O3P, on the right). These two structures demonstrate interaction of compounds isolated from
noni which can interact on human proteins involved in inflammatory processes.

Furthermore, the interaction of noni-derived compounds with human proteins, includ-
ing enzymes and membrane receptors, has been an area of considerable interest. Molecular
docking studies have predicted that compounds such as damnacanthal, quercetin, and
scopoletin may interact with key proteins involved in metabolic and inflammatory path-
ways, including cyclooxygenase-2 (COX-2), 5-lipoxygenase (5-LOX), and nuclear factor
kappa B (NF-κB) [98–100].

Figure 4 illustrates scopoletin bound to coumarin synthase, a plant enzyme that is struc-
turally related to members of the animal acyltransferase superfamily. In humans, this struc-
tural fold is shared by several acyltransferases, most notably serotonin N-acetyltransferase
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and related enzymes involved in acetyl-CoA-dependent metabolic processes and neuro-
transmitter synthesis. These structural similarities provide a framework for exploring
potential interactions between scopoletin and human proteins.

 
Figure 4. Complex of scopoletin (in CPK representation, colored by atom type), suggested as one of
the main active compounds of noni, on Coumarin synthase (colored by secondary structure, alpha
helix in purple and beta sheets in yellow) of Arabidopsis thaliana (a plant enzyme related to human
acyltransferases involved in metabolism and neuron processes), from solved crystal, PDB ID:8DQP.
The details of interactions on this protein could be used to develop new inhibitors with application to
treat inflammatory, neuronal and metabolic diseases.

These predicted interactions suggest a potential role for noni-derived compounds in
mitigating inflammatory responses and preventing the progression of diseases such as
arthritis, atherosclerosis, and certain types of cancer.

In addition to their role in modulating inflammatory pathways, some noni compounds
have been shown to target enzymes involved in carbohydrate and lipid metabolism, making
them potential therapeutic agents for metabolic disorders such as diabetes and hyperlipi-
demia. For instance, molecular docking studies have demonstrated that compounds such
as deacetylasperulosidic acid and flavonoids present in noni may inhibit the activity of α-
amylase and α-glucosidase, two enzymes that play critical roles in carbohydrate digestion,
thereby reducing postprandial blood glucose levels [6]. These findings position noni as a
promising candidate for diabetes management [101].

Furthermore, in silico models have predicted interactions between noni-derived com-
pounds and membrane proteins involved in infectious disease pathways, as well as viral
proteases responsible for the replication of pathogens such as SARS-CoV-2 and the hepatitis
C virus. These studies suggest that noni compounds may possess antiviral potential by
inhibiting the viral replication machinery, thereby reducing viral load and the severity of
infection [102–104]. In addition, some compounds present in noni, such as fisetin, have
been proposed to interact with key proteins of Mycobacterium spp. (Figure 5).

One emerging area of research is the investigation of how noni compounds in-
teract with the cytochrome P450 enzyme system. This system plays a crucial role in
drug metabolism, and in silico studies have predicted that certain compounds present
in noni may inhibit or induce specific cytochrome P450 enzymes, thereby influencing
the metabolism of other drugs. This could have important implications for drug–drug
interactions, particularly in individuals undergoing pharmacological treatment for chronic
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diseases [57]. Overall, in silico studies of noni compounds have provided valuable insights
into their potential molecular targets and mechanisms of action. These findings support
the potential use of noni-derived compounds as therapeutic agents for the treatment of
a wide range of diseases, including metabolic and inflammatory disorders as well as
infectious diseases.

Figure 5. The flavanol fisetin (a compound of noni, in bonds representation, colored by atom type)
on the (3R)-hydroxyacyl-ACP dehydratase from Mycobacterium tuberculosis (from experimentally
solved crystal complex with PDB ID: 4RLT, colored by protein monomer). This model could explain
some effects of noni as agent for treating human infectious diseases.

Some recent reports have suggested that specific noni compounds may represent
the principal bioactive agents responsible for these effects. For example, Rivera et al.
proposed that nonioside E, a compound unique to noni fruit, exhibited favorable binding
affinity toward protein kinase C alpha (PRKCA), a protein associated with several types of
cancer and metabolic disorders, suggesting promising therapeutic potential [105]. Other
research groups have evaluated specific compounds against well-established molecular
targets. For example, Lolok et al. suggested that β-sitosterol and stigmasterol can bind to
α-amylase, α-glucosidase, dipeptidyl peptidase-IV, and peroxisome proliferator-activated
receptor gamma (PPARγ). All of these proteins represent attractive therapeutic targets
for regulating carbohydrate metabolism [106,107], and these interactions may contribute
to the hypoglycemic effects of noni. The authors also reported that these noni-derived
compounds may offer advantages over acarbose, which is currently used in the treatment
of patients with diabetes. It should be noted that relatively few compounds identified in
noni have been characterized by crystallographic studies or evaluated through in silico
analyses against target proteins. Nevertheless, structurally related compounds provide
supporting evidence for these putative interactions (Figure 6).

Furthermore, it should be noted that noni compounds may exhibit pharmacological
interactions with other medications, although the precise mechanisms underlying these
interactions remain unclear. In this regard, noni juice has been reported to inhibit certain
enzymes of the cytochrome P450 system, which plays a critical role in drug metabolism.
Another important aspect of noni bioactivity is its influence on drug-metabolizing enzymes.
Research has demonstrated changes in the activity of enzymes such as aminopyridine
N-demethylase, UDP-glucuronosyltransferase (UGT), and glutathione S-transferase (GST)
following treatment with plant extracts, suggesting a potential role in herb–drug inter-
actions [83,108]. These effects could potentially alter the metabolism of concomitantly
administered drugs, leading to either increased toxicity or reduced therapeutic efficacy. In
addition, noni fruit contains relatively high levels of potassium, which may be problematic
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for patients with impaired kidney function or those following potassium-restricted diets.
Consequently, noni may interact with medications that increase potassium levels, thereby
increasing the risk of hyperkalemia.

Figure 6. An inverted anthraquinone (in CPK representation, colored by atom type; as some com-
pounds found in noni) in complex with a DNA fragment, from a crystal solved structure with PDB
ID: 3GDD. This structure is model for suggesting interactions involved in some anticancer effects
in humans.

On the other hand, noni juice has demonstrated hypoglycemic effects in animal studies.
When administered together with antidiabetic medications, it may potentiate their effects
and consequently increase the risk of hypoglycemia. Similarly, because of its potential
blood pressure-lowering effects, noni may interact with antihypertensive medications,
enhancing their pharmacological effects and potentially resulting in hypotension. Finally, it
should be noted that concomitant use of noni with medications that affect liver or kidney
function could increase the risk of hepatic or renal injury.

4.2. In Vitro Observations

Noni bioactive compounds have been extensively evaluated using in vitro assays
(Table 2). These studies have primarily employed isolated cells, tissues, and enzymes of
human and animal origin to investigate the potential health benefits of noni, with particular
emphasis on its ability to modulate immune responses and to exert anti-inflammatory,
antioxidant, antimicrobial, and anticancer activities. Accordingly, in vitro studies have
substantially advanced our understanding of the bioactive compounds present in noni
and their potential therapeutic applications. Nevertheless, it is important to recognize the
inherent limitations of in vitro research, particularly when extrapolating these findings to
clinical outcomes.

In vitro studies have also revealed significant antioxidant properties of noni, primarily
attributed to its high content of phenolic compounds and flavonoids, which modulate
key pathways involved in the pathogenesis of numerous chronic diseases, including car-
diovascular diseases, neurodegenerative disorders, and cancer [49,107]. Some of these
flavonoids are recognized for their neuroprotective effects [83,94,108]. Studies in human
subjects have shown that noni consumption significantly increases antioxidant capacity,
leading to a reduction in oxidative stress markers such as malondialdehyde and advanced
glycation end-products (AGEs) [109]. This antioxidant activity plays an important role in
mitigating systemic inflammation, a key driver of the pathogenesis of chronic diseases such
as cardiovascular disorders and type 2 diabetes. The polyphenolic compounds present in
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noni, including flavonoids and anthocyanins, neutralize reactive oxygen species (ROS),
thereby protecting cellular structures from oxidative damage [110].

Table 2. Summary of cell-based studies (in vitro) evaluating effects of Morinda citrifolia.

Cell Model Dose/Concentration Compound/Extract Observed Effect * Reference

RAW 264.7 Immune
Cells 5–50 µg/mL Noni extract Decreased nitric oxide (NO) production and

inhibited pro-inflammatory cytokines. [109–111]

HeLa Cells 10–50 µg/mL Noni extract Induced apoptosis and cell cycle arrest in
cervical cancer cells. [111–113]

3T3 Fibroblasts 10–100 µg/mL Noni extract Increased collagen synthesis, protection against
UV-induced damage. [25,114,115]

Jurkat T Cells 5–100 µg/mL Noni extract Modulation of inflammatory cytokine
production and apoptosis induction. [109,116]

HepG2 Hepatocytes 20–200 µM deacetylasperulosidic
acid

Reduced intracellular lipid accumulation and
enhanced antioxidant enzyme activity. [26,37,117]

SH-SY5Y Neuronal
Cells 10–100 µM Noni extract Protection against amyloid-beta-induced

cytotoxicity and oxidative stress. [107,114]

MCF-7 Breast Cancer
Cells 20–50 µM Noni extract Inhibited cell proliferation and induced

apoptosis in breast cancer cells. [19,65,112,113,118]

Caco-2 Cells 5–50 µg/mL Noni extract Modulation of glucose metabolism and insulin
sensitivity. [119–121]

A549 Lung Cancer Cells 10–200 µM Noni extract Inhibition of cell migration and metastasis,
apoptosis induction. [65,85,109,111,120]

MDA-MB-231 Breast
Cancer Cells 10–100 µg/mL Noni extract Reduced cell viability and inhibited migration

in metastatic breast cancer cells. [113,121]

* Evidence level was classified according to the Oxford Center for Evidence-Based Medicine (OCEBM). All studies
included in this table correspond to mechanistic preclinical in vitro evidence (Level 5).

The antioxidant activity of noni extracts has been demonstrated using various assays,
including the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical-scavenging assay, which has
shown potent free radical-neutralizing activity [111]. This effect is important not only for
neutralizing harmful ROS but also for preventing oxidative damage to DNA, lipids, and
proteins. Moreover, in vitro evidence suggests that noni protects neuronal cells against
oxidative damage, making it a potential candidate for therapeutic interventions in neurode-
generative diseases such as Alzheimer’s and Parkinson’s diseases [112]. Furthermore, the
antioxidant properties of noni may also contribute to its proposed anti-aging effects, since
oxidative stress is a well-established contributor to the aging process.

The anticancer potential of noni has also been a major focus of in vitro research.
Several studies have investigated the cytotoxic effects of noni extracts on various cancer
cell lines, including breast, colon, and lung cancer cells [65,112]. Bioactive compounds
identified in noni, such as damnacanthal, scopoletin, and anthraquinones, have been shown
to induce apoptosis (programmed cell death), inhibit cell proliferation, and reduce the
metastatic potential of cancer cells, all of which are critical processes in cancer progression
and treatment [113].

For example, in vitro studies have demonstrated that damnacanthal inhibits the activ-
ity of certain tyrosine kinases, enzymes that play critical roles in regulating cell division
and survival. By inhibiting these enzymes, damnacanthal may prevent the uncontrolled
proliferation of cancer cells, a hallmark of tumorigenesis [54]. Similarly, scopoletin has
been shown to induce apoptosis in cancer cells by activating caspase-dependent pathways,
leading to the elimination of malignant cells [114].

Although these findings are promising, the anticancer effects of noni observed in vitro
require further validation through preclinical and clinical studies. The complexity of
cancer biology means that in vitro findings, although indicative of therapeutic potential,
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do not always translate directly into effective clinical therapies. Nevertheless, the available
evidence suggests that noni and its bioactive compounds could serve as valuable adjuncts
to conventional cancer therapy.

In vitro investigations have also explored the antimicrobial and antifungal properties
of noni. Studies have demonstrated that noni extracts possess broad-spectrum antimicro-
bial activity against a variety of bacterial and fungal species, including Escherichia coli,
Staphylococcus aureus, and Candida albicans [115]. The antimicrobial activity of noni is
thought to be primarily attributable to its anthraquinone and flavonoid content, which can
disrupt microbial cell membranes and inhibit essential enzymatic processes in pathogenic
microorganisms [38].

These findings are particularly relevant given the growing global concern regarding
antimicrobial resistance. The ability of noni to inhibit drug-resistant bacteria and fungi
suggests that it may have potential as a natural antimicrobial agent, either as a standalone
treatment or in combination with existing antibiotics to enhance their efficacy [115]. The
antifungal activity of noni against Candida albicans, a common pathogen responsible for
infections such as oral thrush, further highlights its potential for the treatment of fungal
infections, particularly those resistant to conventional antifungal therapies.

The immunomodulatory properties of noni are among the most extensively studied
aspects of its in vitro bioactivity. Monocytes, key cells of the innate immune system, have
been shown to respond to noni extracts by altering the production of several cytokines,
which are critical signaling molecules involved in immune responses. Specifically, studies
have demonstrated that noni inhibits the production of pro-inflammatory cytokines such
as tumor necrosis factor-alpha (TNF-α), interleukin-1 beta (IL-1β), and interleukin-4 (IL-4),
while simultaneously enhancing the production of interleukin-10 (IL-10), a cytokine with
potent anti-inflammatory properties [109]. This dual action suggests that noni can sup-
press excessive inflammatory responses, which are characteristic of chronic inflammatory
conditions, while promoting the resolution of inflammation and tissue repair through
stimulation of IL-10 production [63,109]. These findings are particularly relevant to au-
toimmune diseases and chronic inflammatory disorders, in which dysregulated cytokine
production plays a central role in disease progression.

In addition to its effects on cytokine production, noni has been shown to inhibit
nitric oxide (NO) production in activated monocytes [116]. NO is a key mediator of the
inflammatory response, and its excessive production is frequently associated with tissue
damage in chronic inflammatory conditions. By reducing NO levels, noni extracts may
help mitigate the deleterious effects of prolonged inflammation, highlighting their potential
as therapeutic agents for the management of inflammatory diseases.

Although the effects of noni on monocytes are well documented, its impact on
macrophages, another critical cell type of the innate immune system, appears to be more
complex. In vitro studies have shown that noni extracts can enhance cytokine and nitric
oxide production in macrophages while simultaneously inhibiting the expression of toll-
like receptor 4 (TLR4) [117]. The downregulation of TLR4 suggests that noni may reduce
the sensitivity of macrophages to pathogenic stimuli, potentially preventing excessive or
inappropriate immune activation [118]. This capacity to modulate macrophage activity and
TLR4 expression may be particularly beneficial for regulating immune responses in chronic
infections, in which excessive immune activation can lead to tissue damage.

Furthermore, the ability of noni to influence macrophage function underscores its
broader immunoregulatory capacity. By fine-tuning immune responses at the level of both
monocytes and macrophages, noni may offer therapeutic benefits in a range of conditions
characterized by immune dysregulation, including autoimmune diseases, chronic infec-
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tions, and cancer, in which the immune system’s ability to distinguish between self and
non-self may become compromised.

The traditional use of noni as a natural remedy for diabetes has also been supported
by in vitro studies, which suggest that its bioactive compounds can target and modulate
pathways involved in glucose metabolism and diabetes management [119]. Research has
shown that noni extracts modulate enzymes involved in glucose metabolism, including
α-glucosidase and glucose-6-phosphate dehydrogenase, both of which are key regulators
of blood glucose homeostasis [120]. By inhibiting α-glucosidase, noni extracts can slow the
breakdown of carbohydrates into glucose, thereby reducing postprandial blood glucose
excursions [121]. In addition, the ability of noni to enhance insulin sensitivity in adipocytes
suggests that it may improve glucose uptake and utilization in individuals with insulin
resistance, a hallmark of type 2 diabetes [54].

One of the more recent areas of in vitro research on noni involves its potential inter-
actions with pharmaceutical drugs. Studies have shown that noni extracts can influence
the activity of several drug-metabolizing enzymes, including cytochrome P450 enzymes,
UDP-glucuronosyltransferases (UGTs), and glutathione S-transferases (GSTs) [122]. These
enzymes are responsible for the metabolism and detoxification of numerous drugs and
xenobiotics, and modulation of their activity could have significant implications for drug
efficacy and safety.

For example, inhibition of cytochrome P450 enzymes by noni extracts may reduce
the metabolism of certain drugs, resulting in higher systemic drug concentrations and an
increased risk of adverse effects [85]. Conversely, induction of UGTs and GSTs may enhance
drug clearance, potentially reducing therapeutic efficacy [41]. These findings highlight the
need for caution when noni is used concomitantly with prescription medications, particu-
larly those with narrow therapeutic indices, for which small changes in drug concentrations
may have important clinical consequences.

Given the therapeutic potential of noni, there has been growing interest in optimiz-
ing the production of its bioactive compounds. In vitro techniques such as tissue culture
and bioreactor systems have been employed to increase the yield of key compounds, in-
cluding anthraquinones, phenolics, and flavonoids [123]. For example, adventitious root
cultures of noni have been shown to produce higher concentrations of these compounds
than wild-type plants [124]. The use of bioreactor systems for the large-scale cultivation
of noni tissues represents a promising strategy for the sustainable production of bioac-
tive compounds, thereby supporting the growing demand for noni-based nutraceuticals
and pharmaceuticals.

4.3. Examples of In Vivo Assays in Animals, as Well as Their Results, Suggesting Specific Targets

The effects of noni have been extensively investigated in various in vivo animal
models, allowing researchers to explore the molecular mechanisms and therapeutic targets
associated with its biological activity.

For example, one study evaluated the antioxidant effects of noni in a mammary carcino-
genesis model induced by N-methyl-N-nitrosourea (NMU). NMU is a potent carcinogen
known to induce oxidative stress, which plays a critical role in tumor development [125].
Administration of noni juice in this model resulted in a significant increase in the activity
of key antioxidant enzymes, including superoxide dismutase (SOD) and catalase, both
of which are essential for neutralizing reactive oxygen species (ROS). The upregulation
of these enzymes indicates that noni enhances the endogenous antioxidant defense sys-
tem against oxidative stress. Additionally, the study reported a significant reduction in
lipid peroxidation markers, suggesting that noni attenuates oxidative damage to cellular
membranes. These findings are particularly relevant because oxidative stress and lipid
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peroxidation are key contributors to the initiation and progression of carcinogenesis and
identify antioxidant enzymes as potential molecular targets underlying the biological effects
of noni [125,126].

In vivo studies have also demonstrated that noni juice increases the activity of super-
oxide dismutase (SOD) and glutathione peroxidase (GPx). The superoxide anion radical
(SAR), one of the predominant reactive oxygen species, may be generated through enzy-
matic and nonenzymatic processes or originate from exogenous sources such as cigarette
smoke. SOD plays a critical role in catalyzing the dismutation of the superoxide anion
into hydrogen peroxide (H2O2) and molecular oxygen (O2), whereas GPx subsequently
reduces H2O2 to water, thereby preventing its accumulation. In addition, GPx reduces lipid
hydroperoxides, protecting polyunsaturated fatty acids in cellular membranes from free
radical attack. The effects of noni juice on these two antioxidant enzymes may represent
two of the principal mechanisms through which it protects lymphocyte DNA and reduces
plasma concentrations of tobacco smoke-induced free radicals and peroxides [127].

On the other hand, Gupta et al. reported that noni juice promoted apoptosis in
cervical cancer cells and enhanced the therapeutic effects of cisplatin. Taskin et al. found
that noni juice induced apoptosis in Ehrlich ascites tumor cells in female BALB/c mice.
Moreover, Wang et al. demonstrated that noni juice reduced cancer risk in active smokers
by decreasing the formation of aromatic DNA adducts. Ling-di et al. further reported
that noni juice downregulated the expression of the cell proliferation markers Ki67 and
PCNA while upregulating the apoptotic protein caspase-3 [128,129]. Collectively, these
findings support further investigation into the activity of specific noni compounds on DNA
or DNA–protein complexes, as illustrated for anthracenes in Figure 6.

Despite the promising findings from these in vivo studies, further research is required
to fully elucidate the molecular mechanisms underlying the biological activity of noni and
to validate its therapeutic potential in human clinical trials (Table 3). Although the animal
models used in these studies provide valuable insights into the biological effects of noni,
translating these findings into clinical applications in humans remains an important area
for future investigation.

Relatively little information is available regarding other molecular targets; however,
existing findings suggest that several proteins may contribute to the biological effects
of noni. For example, another pivotal in vivo study investigated the anti-inflammatory
properties of noni using a dextran sulfate sodium (DSS)-induced colitis model in mice [129].
DSS is widely used in experimental models to induce colitis through activation of the
kynurenine pathway and disruption of the intestinal epithelial barrier, leading to inflamma-
tion and mucosal damage similar to that observed in human inflammatory bowel diseases
(IBD), including ulcerative colitis and Crohn’s disease [130]. Administration of noni fruit
juice for nine days significantly attenuated the inflammatory response, as demonstrated by
improvements in several inflammatory biomarkers. Specifically, noni treatment resulted
in a marked reduction in nitric oxide (NO) production and decreased myeloperoxidase
(MPO) activity, both of which are established markers of inflammation. Furthermore, noni
treatment significantly reduced the levels of pro-inflammatory cytokines, including tumor
necrosis factor-alpha (TNF-α), interferon-gamma (IFN-γ), and interleukin-17 (IL-17), all
of which are key mediators of the inflammatory cascade. The ability of noni to suppress
these inflammatory mediators suggests that it may have therapeutic potential for the
management of chronic inflammatory conditions [86,131].
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Table 3. Summary of preclinical studies evaluating Morinda citrifolia in Animal Models of human dis-
ease.

Experimental Model Dose * Observed Effect Reference

Wistar Rats
(10–50 mg/kg/day)

Noni juice for
15–90 days

Elevated plasma creatinine, urea, AST, and
ALT levels; hepatic steatosis and

dermatological alterations at high doses
and prolonged periods.

[89]

Balb/C Mice (20 mg/kg) Noni juice Anti-inflammatory effect inhibiting acute
and chronic inflammatory processes. [86,96]

Male Swiss Mice
5% (50 mg/kg) Noni
extract in drinking
water for 30 days

Analgesic and anti-inflammatory effects
observed in carrageenan-induced paw

edema model.
[53,87,89,130,131]

Rats (Ehrlich Ascites
Carcinoma Model)

10–200 mg/kg
Noni extract

Inhibition of tumor growth and metastasis
in solid tumor models. [122,132–134]

Wistar Rats 200 mg/kg Noni
extract (oral)

Significant decrease in blood glucose levels
and improvement in glucose tolerance. [53,91,128,134,135]

Male Wistar Rats 50–100 mg/kg Noni
extract (oral)

Decreased cholesterol levels, reduction in
oxidative stress markers. [89,136]

Male Sprague-Dawley
Rats

50 mg/kg Noni
extract (oral)

Protective effect against ethanol-induced
gastric ulcers. [15,16,125]

ICR Mice 200 mg/kg Noni
extract (oral)

Reduction in inflammation markers and
improved lung function in asthma model. [7,86,129]

C57BL/6 Mice 0.5–5 mg/kg
Noni extract

Improved cardiac function and reduced
myocardial infarction-induced damage. [79,90,135]

Male Albino Mice (3 mg/kg) Noni juice
in drinking water

Decreased tumor progression in skin
cancer model. [68,113,128]

* As declared in the original work.

5. Probed Effects of Noni in Humans
Noni has been used in humans, as suggested by traditional medicine, particularly

for the treatment of chronic conditions such as arthritis, diabetes, hypertension, and infec-
tious diseases. Its widespread use in indigenous medical systems has generated growing
interest in modern pharmacological research, particularly regarding its antioxidant, anti-
inflammatory, and anticancer properties.

The diverse phytochemical profile of noni contributes to its broad spectrum of
pharmacological effects [27]. However, only a limited number of studies have demon-
strated significant therapeutic benefits in humans. A search of ClinicalTrials.gov (https:
//clinicaltrials.gov/search?intr=noni (accessed on 17 July 2026)) identifies only seven
registered studies, and results have been posted for only a few of them (see Table 4).

Overall, currently available clinical evidence remains limited and heterogeneous. Most
studies involve small sample sizes, observational designs, surrogate biomarkers, or quality-
of-life outcomes rather than clinically validated therapeutic endpoints. Consequently,
although preliminary findings are encouraging, the available evidence is insufficient to
establish the clinical efficacy of Morinda citrifolia for any specific medical indication. Well-
designed randomized controlled trials using standardized preparations remain necessary.

However, a search of the PubMed database indicates that the multiple effects of noni
reported in humans are supported to varying degrees. These findings are summarized in
the following sections.
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Table 4. Summary of clinical evidence and registered trials for Morinda citrifolia.

Study ID Study Design Intervention
(Dose/Duration) Primary Outcomes/Effect Size

NCT02648919 Randomized 6000 mg/day up to
9 months

Biomarker monitoring; potential
improvement in prostate cancer.

NCT01070264 Observational 3 oz/day during 12 weeks Improved self-reported quality of life in
Osteoarthritis.

NCT01677169 Interventional Noni juice Significant decrease in DNA damage
markers in heavy smokers.

NCT01424748 Safety trial Tahitian noni juice No significant adverse effects; blood
markers normal.

NCT00033878 Interventional 500 mg of freeze-dried noni
fruit extract

Define toxicities associated with the
ingestion of noni.

NCT01597076 Interventional
Iridoid enriched (noni and

cornelian) mixed
fruit beverage

Beverage containing noni and cornelian
juices and olive leaf extract on advanced

glycation end product levels

Anticancer Potential. Emerging research has explored the potential anticancer effects
of noni, particularly against breast and colorectal cancers. The proposed mechanisms
include the induction of cell cycle arrest and apoptosis, as well as inhibition of metastasis
through effects on cellular adhesion and migration, as demonstrated in preclinical studies.
In vitro and in vivo studies suggest that noni extracts can induce cell cycle arrest in cancer
cells, primarily by modulating cyclin-dependent kinase (CDK) activity and promoting
apoptosis through activation of caspase enzymes [132]. Furthermore, noni has been shown
to inhibit metastasis by modulating cell adhesion molecules and reducing cancer cell
migration. These findings indicate that noni could serve as a valuable adjunct to cancer
therapy; however, further clinical trials are required to confirm its efficacy and safety in
humans. Additional preclinical efficacy and safety studies are also needed to facilitate the
translation of these findings into future clinical investigations and to further substantiate
the role of noni in cancer treatment [133].

Antimicrobial Potential. Although noni has demonstrated antibacterial and antifungal
activity in vitro, only a limited number of clinical studies support its therapeutic use against
infectious diseases. One example is a controlled study evaluating the efficacy of a topical
ointment prepared from noni stem extract for the treatment of cutaneous leishmaniasis.
Among 40 patients, 50% showed an excellent response, while 30% exhibited good clinical
improvement. Morindicone and morinthone were proposed as the active compounds
because they also demonstrated activity in vitro [134]. In addition, fisetin may contribute
to these effects, as it has been predicted to bind to the Leishmania tRNA synthetase (PDB
ID: 3P0H).

Cardiovascular Health. Noni has demonstrated beneficial effects on cardiovascular
health, particularly through modulation of lipid profiles and protective effects against
arteriosclerosis. Clinical studies have documented significant reductions in low-density
lipoprotein (LDL) cholesterol and triglyceride levels, together with increases in high-
density lipoprotein (HDL) cholesterol following noni supplementation [26]. These effects
are thought to be mediated through the regulation of lipid metabolism pathways, possibly
involving activation of AMP-activated protein kinase (AMPK) and modulation of lipogenic
enzymes [79]. In addition, noni has been reported to exert vasodilatory effects that may help
reduce blood pressure and improve arterial compliance, thereby contributing to protection
against hypertension and cardiovascular events [52].
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Antidiabetic Effects. Clinical studies suggest that noni supplementation may con-
tribute to lowering fasting blood glucose levels and improving insulin sensitivity. Acute
consumption of noni juice has been associated with significant reductions in blood pres-
sure and heart rate, as well as a modest decrease in blood glucose levels [135]. In one
study, volunteers consumed either noni juice or a fruit juice placebo daily for one month.
Consumption of 29.5 to 188 mL of noni juice per day significantly reduced cholesterol,
triglycerides, and high-sensitivity C-reactive protein (hs-CRP) levels. Reductions in LDL
cholesterol and homocysteine, together with increases in HDL cholesterol, were also ob-
served among participants consuming noni juice [136]. Furthermore, noni has shown bene-
ficial effects in patients with type 2 diabetes, including reductions in glycated hemoglobin
(HbA1c), possibly through modulation of glucose transporter (GLUT) proteins and insulin
signaling pathways [137]. The antidiabetic potential of noni has been explored in several
clinical studies, with evidence suggesting improvements in fasting blood glucose levels
and insulin sensitivity. These effects are thought to be mediated through modulation
of glucose transporters and insulin signaling pathways, including the phosphoinositide
3-kinase (PI3K)/Akt pathway [138]. Additionally, compounds present in noni, such as
scopoletin, may enhance pancreatic β-cell function, thereby further improving glycemic
control in patients with diabetes [139]. Several compounds that may contribute to glycemic
regulation—including sitosterol, stigmasterol, anthraquinones, episesamin 2,6-dicatechol,
lirioresinol B, lirioresinol B dimethyl ether, and ursolic acid—have been discussed above
and reviewed extensively in recent years [113,140].

6. Fields with Insufficient or Missing Information, Toxicity Warnings and
Prospective Approaches

Noni has been the subject of considerable interest within the scientific community
because of its purported health benefits [140]. However, significant gaps remain in the
empirical understanding of its properties, mechanisms of action, and potential applications.
This review seeks to synthesize the current state of knowledge by highlighting areas where
information remains insufficient and proposing future directions for research [108].

The pharmacological profile of noni has been partially elucidated, revealing a wide
range of bioactive compounds, including anthraquinones, flavonoids, and lignans, which
contribute to its antioxidant, anti-inflammatory, and potentially anticancer properties [124].
However, limited information is available regarding the interactions among these com-
pounds. Recent studies have suggested that noni may modulate immune responses and
exert antidiabetic effects, yet the underlying mechanisms remain incompletely under-
stood [11,141]. Furthermore, most studies report only qualitative effects of noni. Dose–
response relationships for individual bioactive compounds have been characterized in
only a limited number of biological contexts. Examples include extracts exhibiting anti-
inflammatory, diuretic, and sedative properties. In in vivo studies, excessive urination
was observed in mice treated with doses of 50, 300, 2000, or 5000 mg/kg. Hypoactiv-
ity, indicative of a sedative effect, was observed only in the groups receiving 2000 and
5000 mg/kg [142].

In other studies, clear dose–response relationships have been established for anticancer
activity in selected neoplastic cell lines using either fresh noni juice or a combination of ex-
tracts from Morinda citrifolia, Garcinia cambogia, and Glycyrrhiza glabra [143]. In addition,
dose-dependent effects on specific metabolic pathways and biomarkers have been described
in mammalian models. For example, compared with the untreated model group, serum
uric acid levels were significantly reduced in both the allopurinol-treated group (positive
control; p < 0.0001) and the noni fruit juice-treated groups (p < 0.05, p < 0.001, and p < 0.0001
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for the low [3.3 mL/kg/day], medium [6.6 mL/kg/day], and high [13.2 mL/kg/day] doses,
respectively) [144].

Only a limited number of compounds have been isolated from noni in pure form. One
such compound, a polysaccharide designated NJSPd−1, was purified from fermented noni
fruit juice and demonstrated dose-dependent antioxidant activity, as well as modulation of
key proteins associated with diabetes. These effects were evaluated in HepG2 cells under
conditions of high glucose-induced oxidative stress [145].

This limited mechanistic understanding restricts the development of therapeutic
applications and hinders the establishment of standardized and effective dosage regimens.

The pharmacokinetic profiles of individual noni compounds are also only beginning
to be understood. For example, scopoletin is rapidly absorbed into the circulation after
noni ingestion, maintaining plasma concentrations between 0.5 and 5 ng/mL for at least
8 h following doses of 1500–2500 mg. However, its overall bioavailability appears to be low
and exhibits considerable interindividual variability. In contrast, anthraquinones display
very low bioavailability in all evaluated subjects. Iridoids exhibit distinct pharmacokinetic
profiles depending on the parent nucleus and the substituent groups attached to the iridoid
moiety [33,139]. More recently, several nanoformulations containing noni have been shown
to improve bioavailability [146–148].

As discussed above, clinical studies evaluating noni have been sporadic and often
methodologically limited. Small sample sizes and short follow-up periods have hindered
definitive conclusions regarding its clinical efficacy [46]. Furthermore, there is a notable
lack of large-scale, long-term clinical trials capable of providing robust evidence regarding
the safety and efficacy of noni for the treatment of specific health conditions. This lack of
high-quality clinical evidence limits its acceptance in mainstream medicine and creates
uncertainty among both healthcare professionals and patients.

Toxicological studies have generally supported the safe use of noni when consumed
in moderate amounts. Nevertheless, isolated cases of hepatotoxicity have been reported,
raising concerns regarding its safety, particularly in individuals consuming large quantities
or in those with pre-existing liver disease, including cases of toxic hepatitis associated
with previous acetaminophen use [41]. Conversely, numerous studies have supported
the overall safety of noni administration [149]. These findings underscore the need for
more comprehensive safety evaluations and for the establishment of clear consumption
guidelines, which should be assessed for each specific noni formulation [92].

Although several studies support the administration of high doses of noni extracts
(derived from fruits or leaves) without adverse effects in mammals [150,151], available
evidence also suggests a low potential for prenatal toxicity. In one study, no effects on fetal
mortality, external malformations, or internal organ abnormalities were observed in any of
the groups exposed to noni [152].

Overall, noni appears to have a more favorable safety profile than many other medici-
nal plants with bioactive properties. Oral administration of ethanolic extracts has produced
no notable adverse effects at doses of up to 5000 mg/kg [153]. Acute oral toxicity of ethano-
lic extracts prepared from noni leaves was evaluated in male BALB/c mice, which were
monitored for 14 days for behavioral changes, clinical signs of toxicity, mortality, food and
water consumption, and changes in body and organ weights. No mortality was observed,
and the estimated LD50 of the noni leaf extract exceeded 5000 mg/kg body weight. Some
effects, including excessive urination and hypoactivity, were observed only at doses above
2000 mg/kg. These findings suggest that orally administered ethanolic extracts of noni are
relatively nontoxic.

However, toxicity should also be evaluated according to the origin of the plant material
and the extraction solvents employed. For example, studies of seed extracts reported no
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mortality or observable toxic effects at doses of up to 5000 mg/kg, nor were any significant
adverse events observed. Moreover, administration of the extract at 200 mg/kg body
weight produced significant antipyretic and anti-inflammatory effects in a xylene-induced
ear edema model in mice [154]. Nevertheless, other studies have reported contrasting find-
ings, suggesting potential toxicity following chronic topical administration of noni [155].
In addition, potential pharmacodynamic and pharmacokinetic interactions with coadmin-
istered medications warrant careful consideration, as several noni compounds can alter
drug-metabolizing enzyme activity through multiple mechanisms, including inhibition of
cytochrome P450 enzymes, as discussed above.

The potential role of noni in the prevention and treatment of chronic diseases—
including diabetes, neurodegenerative disorders [41], cardiovascular diseases, and certain
types of cancer—remains an important area for future investigation. Although in vitro
and animal studies have provided encouraging preliminary evidence, validation through
well-designed clinical studies in humans is essential to substantiate these therapeutic
claims [156–158]. Overall, while noni exhibits considerable therapeutic potential, important
gaps remain in our understanding of its pharmacological properties, clinical efficacy, and
safety profile. Addressing these gaps will require coordinated efforts from the scientific
community through rigorous and comprehensive research. Future studies should focus on
identifying the specific bioactive compounds responsible for particular biological effects or
therapeutic applications, elucidating their mechanisms of action, conducting robust clinical
trials with comprehensive outcome reporting, and establishing evidence-based guidelines
for safe consumption.

7. Conclusions
The pharmacological profile of noni has been partially elucidated, revealing a variety

of bioactive compounds that contribute to its antioxidant, anti-inflammatory, and anti-
cancer properties. Despite its widespread traditional use and the growing body of scientific
evidence supporting its health benefits, critical gaps remain in our understanding of the
precise mechanisms through which these compounds exert their biological effects. Recent
studies have suggested that noni may modulate immune responses and exert antidiabetic
effects; however, the underlying mechanisms remain incompletely understood. This lim-
ited mechanistic understanding restricts the development of therapeutic applications and
hinders the establishment of standardized and effective dosage regimens. Information
derived from ligand–protein complexes and in silico studies supporting biologically rele-
vant interactions of noni compounds may facilitate future efforts aimed at isolating these
compounds and promoting their safe therapeutic use.

Furthermore, although preliminary clinical studies suggest that noni may improve
glycemic control, reduce oxidative stress, and decrease inflammatory markers, these find-
ings are generally based on small sample sizes and short follow-up periods, limiting their
generalizability and clinical relevance. The limited number of available studies, together
with their methodological constraints, underscores the urgent need for larger, well-designed
clinical trials capable of providing more definitive evidence regarding the efficacy and
safety of noni. Such studies should also evaluate the potential therapeutic benefits of
individual isolated compounds as well as combinations of bioactive constituents.

In particular, the lack of large-scale, long-term clinical trials remains a major barrier
to the incorporation of noni into mainstream medical practice. Without robust clinical
evidence, healthcare professionals remain reluctant to recommend its use, while patients
continue to face uncertainty regarding its effectiveness for chronic conditions such as
diabetes, cardiovascular diseases, and cancer. This uncertainty is further compounded
by concerns regarding its safety, particularly in light of isolated reports of hepatotoxicity.
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Although toxicological studies indicate that noni is generally safe when consumed in
moderate amounts, additional research is required to establish well-defined safety profiles
and evidence-based dosage recommendations, especially for vulnerable populations and
individuals with pre-existing liver disease.

The bioavailability and pharmacokinetic characteristics of noni-derived bioactive com-
pounds also require further investigation. A better understanding of their absorption,
metabolism, distribution, and excretion in humans is essential for optimizing their thera-
peutic potential and ensuring consistent efficacy across different populations. Moreover,
variability in the concentrations of bioactive compounds among different noni preparations
further complicates their therapeutic application, emphasizing the need for standardized
cultivation, processing, and extraction methods.

Overall, noni exhibits considerable therapeutic potential, particularly in the areas
of antioxidant defense, immune modulation, and metabolic regulation. Nevertheless,
substantial knowledge gaps must be addressed before its pharmacological properties can
be fully translated into clinical practice. Future research should prioritize elucidating
the molecular mechanisms underlying its biological effects, including in silico studies
that identify specific molecular targets and evaluate the pharmacological advantages of
individual compounds. In addition, future investigations should include rigorous clinical
trials and the development of standardized protocols for safe consumption in order to
minimize adverse effects and potential toxicity. Only through such comprehensive scientific
investigation can noni be reliably integrated into modern medical practice and its full
therapeutic potential be realized.
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