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Abstract

The areca nut (Areca catechu L.) is a widely consumed masticatory product in Southeast Asian countries such as India,
Indonesia, Taiwan, Thailand, and China owing to its cultural importance and potential medicinal value. The areca nut,
which is the seed of the Areca catechu palm, is classified as a drupe and is traditionally consumed in both its unripe and
ripe forms. In addition to the seeds, the leaves, roots, and inflorescences of the plant also present medicinal properties.
Chemically, areca nut comprises approximately 0.5% alkaloids, 20% starch, 20% polyphenols, and 15% fats, among other
constituents. To comprehensively assess its medicinal potential, we conducted a systematic literature search using four
major databases, the Cochrane Library, EMBASE, PubMed, and Web of Science, supplemented by references from other
relevant studies and reviews. This process yielded 262 reports, 137 of which met the inclusion criteria and were retained
for further analysis. Notably, the period from 2010 to 2019 had the greatest number of publications, with antioxidant,
antimicrobial, and neuropharmacological research each accounting for 16% of the total studies analysed. The results of
the present study revealed a broad spectrum of pharmacological activities associated with areca nuts, including anticancer-
related, antimicrobial and antiparasitic, anthelmintic, antioxidant, antihypertensive, antidiabetic, cardiometabolic and
cardioprotective-related, antiaging, wound healing and gastroprotective effects, neuropharmacological, anti-inflammatory,
analgesic, and other therapeutic effects. The known mechanisms underlying different medicinal properties were also
explored and discussed.

Keywords Areca nut - Arecoline - Medicinal property - Pharmacological activities - Systematic review - Narrative
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Introduction

Areca nut (AN), derived from Areca catechu L., is a
traditional masticatory product widely used in South Asian
and Southeast Asian countries, including India, Indonesia,
Thailand, and Taiwan [1]. Historical Indian texts such as
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Vagbhata and Bhamavista describe its medicinal benefits,
and its use in Indian culture can be traced back to 1300
BCE, as noted in Anjana Chaitra [2, 3]. AN, a member of
the Arecaceae family, is commonly referred to by various
names, including betel nut, areca sperm, supari, and tamol.
It is the seed of the areca palm and is classified as a drupe.
It is consumed in both its unripe and ripe forms, typically
after the husk is removed and the kernel is dried. The Areca
catechu tree is tall and slender, growing up to 10-20 m. The
plant is monoecious with unisexual flowers, where stamens
are located at the base of the pistil and tip of the inflorescence.
The tree typically bears 8 to 12 leaves arranged as fibrous
bundles at the apex of the stem, and the leaf blades are
connate in form [4]. Various regional processing methods are
applied before consumption, such as Bura Tamul in Assam,
Parcha in Karnataka, and Neetadaka in Kerala [5]. Chewing
areca nuts is a cultural tradition associated with a variety of
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purposes, including improving breath, strengthening gums,
promoting dental health, and alleviating bloating. Some of
these effects are supported by scientific evidence, whereas
others remain anecdotal [6]. From 2020 to 2021, India had
approximately 739,778 hectares under AN cultivation,
yielding 1,233,693 tonnes with an average productivity of
1668 kg/ha. Karnataka was the leading producing state, with
2,033 ha under cultivation, a production volume of 4,066
tonnes, and a yield of 2000 kg/ha, followed by Kerala and
Assam. As of 2019, India was the world’s largest producer
of areca nuts, followed by Indonesia and China [7].

The chemical composition of AN includes approximately
0.5% alkaloids, 20% starch, 20% polyphenols, and 15%
fats. The key alkaloids present include arecoline (7.5 mg/g),
guvacoline (1.5 mg/g), arecaidine (2.0 mg/g), and guvacine
(2.9 mg/g) [2]. Among the polyphenols, catechin accounts
for 10%, epicatechin for 2.5%, and leucocyanidin for 12%.
Other polyphenolic constituents include quercetin, isorh-
amnetin, and various procyanidin oligomers [8—10]. The
fatty acid profile included lauric acid (19.5%), myristic acid
(46.2%), palmitic acid (12.7%), stearic acid (6.8%), oleic
acid (6.2%), hexadecenoic acid (7.2%), and linoleic acid
(5.4%) [11]. AN also contains phosphorus (0.13%), iron
(1.5 mg/100 g), calcium (0.05%), vitamin C (416.2 mg),
and vitamin B6 (286.9 mg) [12]. Upon chewing, areca
nut alkaloids, especially arecoline, can be converted into
nitrosamines such as N-nitrosoguvacoline (NGL), 3-meth-
ylnitrosaminopropionaldehyde (MNPA), 3-methylnitrosa-
minopropionitrile (MNPN), and N-nitrosoguvacine (NGC).
The International Agency for Research on Cancer [13] has
classified AN as a Group 1 carcinogen (carcinogenic to
humans). However, arecoline alone is classified as Group
2B (possibly carcinogenic to humans), as the available evi-
dence is limited [ 14]. Among nitrosamines, NGL, NGC, and
MNPA fall under Group 3 (not classifiable with respect to
their carcinogenicity in humans), whereas MNPN is cate-
gorized as Group 2B [13]. When mixed with betel leaves,
slaked lime (Ca(OH):), catechu, and other ingredients, AN
forms part of a preparation known as betel quid (BQ), exclud-
ing tobacco. A quid is a substance or mixture of substances
that are chewed or held in the mouth against the mucosa
[3]. Numerous studies have explored the carcinogenic
potential of areca nut extract (ANE) and its components,
linking it to conditions such as erythroplakia, keratosis in
smokers, oral lichen planus, sclerosing stomatitis, and oral
cancer [15, 16]. Conversely, other studies suggest that AN,
when consumed in typical doses, may not be carcinogenic
and may even offer therapeutic benefits, including antican-
cer effects. However, current evidence from human trials is
insufficient to definitively classify AN or its components as

carcinogenic. Some studies also lack control for confound-
ing variables such as dietary habits, oral hygiene, and the
latency of submucosal changes. Additionally, inconsistent
terminology may contribute to misconceptions regarding its
safety [3, 17-19].

Despite the growing literature on Areca catechu, the
reported beneficial biological effects of areca nut remain
scattered across highly heterogeneous study designs, extract
types, biological models, and outcome measures. In many
cases, the active constituents responsible for the observed
effects are incompletely characterized, and mechanistic
claims are often based on crude extracts rather than direct
compound-specific validation. In addition, interpretation
of these findings is complicated by important toxicological
and carcinogenic concerns associated with areca exposure.
Therefore, the present study was undertaken as a system-
atic review with narrative synthesis to examine the reported
medicinal and biological effects of areca nut, summarize the
major extract types and bioactive constituents investigated,
and critically assess the experimental evidence and pro-
posed mechanisms across different therapeutic areas. This
review also highlights recurring methodological limitations
and identifies key gaps that should guide future research.

Methodology
Collection, screening, and review process

A systematic review was conducted following the current
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [20]. Online searches were
performed in four major databases: the Cochrane Library,
Embase, PubMed, and Web of Science. The search strat-
egy was based on a set of keywords relevant to the scope of
this review. The search queries used are presented in Tables
S1-S4. Additionally, studies were also collected through
cross-referencing original and review articles and by hand
searching. All duplicates were manually removed by one of
the investigators via the online tool rayyan.ai. After removing
duplicates, the number of records was manageable. The titles
and abstracts were screened, and the full texts were exam-
ined when required against the predefined inclusion criteria.
The screening process was performed independently by two
investigators. Disagreements were resolved by discussion
and, when necessary, by consultation with a third investiga-
tor. The full texts of the screened studies were reviewed. The
relevant data were extracted and organized according to the
medicinal properties of areca nuts. The overall selection and
filtering process is illustrated in Fig. 1.
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Fig. 1 Venn diagram of how

studies were narrowed down (A) A
Medicinal properties of plants.

(B) Medicinal properties of

alkaloids (C) Medicinal proper-

ties of polyphenols (D) Areca
catechu-related studies discussing

medicinal properties (E) Medici- B
nal properties of alkaloids and

polyphenols from Areca catechu

plant (Created using Biorender.

com)

Inclusion criteria
Studies were included if they met the following criteria:

1. Original experimental research (in vitro, in vivo or in
humans) reporting the medicinal or pharmacological
properties of Areca catechu extracts or compounds
derived from A. catechu.

2. The study explicitly identified or quantified one or more
constituents isolated from A. catechu (for example,
polyphenols, flavonoids, procyanidins, and arecoline)
and linked those constituents to biological activity.
Studies that tested only generic compounds not shown
to be derived from A. catechu were excluded.

3. No restrictions were applied on country of origin, lan-
guage or publication date.

4. Studies investigating the therapeutic benefits of areco-
line independently without mention of areca nuts were
included.

This approach ensures that we capture both whole-extract
evidence (which reflects real-world preparations) and
mechanistic/compound-level evidence while avoiding the
attribution of activity to compounds that were not shown to
originate from A. catechu. Studies of arecoline are limited,
given its role as a principal bioactive compound of 4. cat-
echu. Review articles, commentaries, and reports without
primary experimental data were excluded.
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Results and discussion
Screening and review

Following a comprehensive online search using the queries
listed in Tables S1-S4 for the Cochrane Library, Embase,
PubMed, and Web of Science, along with additional refer-
ences from cited studies and review articles, a total of 262
studies were identified. Of these, 18 were duplicates across
databases and were manually removed by one of the investi-
gators via the online tool rayyan.ai. The remaining 244 stud-
ies were screened on the basis of titles, abstracts, and, where
necessary, full texts. A total of 137 studies met the inclusion
criteria and were retained, while 107 were excluded. All 137
eligible studies were successfully retrieved. A flow diagram
depicting the number of identified, screened, retrieved, and
included studies for this review is shown in Fig. 2.

Upon categorization, we found that the greatest propor-
tion of publications focused on the antioxidant, antimi-
crobial, and neuropharmacological properties of areca nut
(AN), each comprising 16% of the total studies analysed
(Fig. 3). Most studies were in English, and three studies
were in Chinese and were translated via Google Translate.
Studies notably originated from Taiwan, Indonesia, Thai-
land, India, China, South Korea, and Japan. The distribu-
tion and classification of the included studies are shown in
Fig. 4. In cases where multiple medicinal properties were
addressed within a single article, classification was based
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Studies included in review
(n=137)

Fig. 2 Flowchart of identification, screening, and inclusion of papers

on the primary focus as determined by the investigator’s
judgment. The subsequent sections detail the medicinal
properties supported by three or more studies; others with
fewer studies (<=2) were placed under ‘Other Benefits’. An
analysis of publication trends revealed a marked increase
in research activity between 2010 and 2019 and 2019-
2024 compared with the earlier periods of 1950-2000 and

Identification of studies via databases and registers ]
Records identified from*:
Databases (n =4) Records removed before
Cochrane Library = 53 screening:.
EMBASE = 32 Duplicate records removed in
PubMed = 49 > between databases
Web of Science = 15 (n=18)
Hand search and back
referencing = 113
Records screened , Records excluded
(n=244) (n=104)
Reports sought for retrieval Reports not retrieved
(n=137) > (n=0)
v
Reports assessed for eligibility Reports excluded = 0
(n=137) ” i

2000-2010 (Fig. 5). Furthermore, ethanolic areca nut extract
(51 studies) was mostly employed across studies, followed
by aqueous (35 studies) and methanolic (27 studies) extracts
(Fig. 6). In vitro study-type (85) and animal-based (45)
studies were conducted mostly across different medicinal
and biological effects, suggesting mostly preclinical evi-
dence, whereas human-based (12) studies were collected
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PUBLICATION SHARE OF MEDICINAL PROPERTIES OF ARECA NUT  ®Anticancer-related

m Antimicrobial and Antiparisitic
B Wound healing and Gastroprotective
I Anti - Hypertensive
m Neuropharmacological
M Anti-Diabetic
m Analgesic and Anti - Inflammatory
W Anti-Helminth
Cardiometabolic and cardioprotective-related
W Anti - Aging

W Anti - Oxidant

Other benefits

Fig. 3 Percentage of studies collected, discussing medicinal properties of areca nut (AN)
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Fig.5 Year-wise publication of studies discussing areca nut (AN) medicinal properties
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COMPARISON OF STUDY TYPE ACROSS COLLECTED PAPERS
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Fig. 7 Comparison of study type across available literature

but lacked sufficient clinical relevance (Fig. 7). A detailed
summary of studies on antiaging, antidiabetic, antihyperten-
sive, anti-inflammatory and analgesic, wound healing and
gastroprotective, antihelminth and cardiometabolic and car-
dioprotective effects is given in Table 1. A summary of the
anticancer effects and the neuropharmacological, antimi-
crobial and antiparasitic, antioxidant, and other benefits are
given in Tables 2, 3, 4 and 5, and 6, respectively. A quality
appraisal is also shown for the studies in Table 7. A formal
risk-of-bias assessment using a single standardized tool was
not performed because the included studies were method-
ologically heterogeneous and spanned multiple experimen-
tal domains for which no single appraisal instrument was
appropriate. To address study quality more transparently,
the evidence was instead evaluated narratively according
to study design, extract characterization, model relevance,
and major methodological limitations. The review question
was defined a priori to focus specifically on the reported
medicinal and beneficial biological effects of areca nut-
derived materials. Accordingly, studies addressing thera-
peutic or beneficial outcomes were prioritized for inclusion
in the main synthesis, whereas the broader toxicological
and carcinogenic literature was not reviewed exhaustively
as a separate systematic evidence stream. However, because
areca nut is associated with important toxicological and
carcinogenic concerns, these issues are acknowledged and
discussed in the manuscript as essential for interpreting the
reported beneficial findings.

@ Springer

The medicinal and therapeutic properties of Areca
nut (Areca catechu L.)

Anti-aging

Areca nut-derived preparations have been investigated for
several skin-related activities relevant to antiaging, includ-
ing the inhibition ofextracellular matrix-degrading enzymes,
protection against UV-B-induced photoaging, and improve-
ment of hydration- and elasticity-related parameters.
However, these findings arise from the use of distinct exper-
imental systems, including enzyme-based assays, animal-
photodamage models, and cell-based or instrument-based
cosmetic assessments; therefore, the results should not be
interpreted asequivalent evidence of antiaging efficacy.
One line of evidence concerns the inhibition of enzymes
involved in the degradation of skin structural components.
An areca nut extract (ANE)-labelled CC-517 significantly
inhibited both porcine pancreatic clastase (PPE) and human
neutrophil elastase (HNE), outperforming ursolic acid and
oleanolic acid in these assays. Lineweaver—Burk analysis
suggested competitive inhibition, and the effect was attrib-
uted to phenolic constituents capable of interacting with the
extended substrate binding sites of the enzymes. CC-517
also showed antihyaluronidase activity through a noncom-
petitive mode of inhibition on the basis of measurements of
N-acetylglucosamine release from sodium hyaluronate [21].
These findings indicate that areca-derived phenolic-rich
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Table 1 Bioactive compounds, solvent used for extraction and medicinal properties of Areca nut
Serial  Extracts/Oils/Bioactive ~ Solvents used for Medicinal Properties Stage of the seed used Refer-
No. compound(s) Extraction ences
1 ANE 80% ethanol Anti - aging NA [21]
2 ANE - procyanidins 80% acetone Anti - aging Tender AN [22]
3 ANE - CC516 90% ethanol Anti - aging NA [23]
4 ANE 70% ethanol Anti - diabetic Mature AN [24]
5 ANE Petroleum ether, chlo-  Anti - diabetic AN leaf (stage not mentioned) [28]
roform and methanol
6 ANE 70% ethanol Anti - diabetic Mature AN [25]
7 ANE 70% ethanol Anti - diabetic AN flower (stage not mentioned) [27]
8 ANE - procyanidins NA Anti — diabetic NA [29]
9 ANE 50% ethanol Anti - diabetic NA [26]
10 ANE — (Areca—1I1-5—- NA Anti - hypertensive Mature AN [30]
C) catechin, epicatechin
and tannins
11 Arecoline NA Anti - hypertensive NA [32]
12 ANE - flavonoids 75% ethanol Anti — hypertensive, anti — diabetic Tender AN (seed, flower and [31]
and antioxidant husk)
13 ANE 96% ethanol Anti - inflammatory Old and young AN [40]
14 ANE Chloroform and Anti - inflammatory AN leaf from Mangalore (stage [39]
methanol not mentioned)
15 ANE Methanol Antinociceptive AN leaves and stem (stage not [33]
mentioned)
16 ANE - procyanidins 80% acetone Anti - inflammatory Tender AN [35]
17 ANE 50% ethanol Anti — inflammatory, antioxidant and NA [41]
hepatoprotective
18 ANE 50% ethanol Analgesic and antioxidant NA [34]
19 ANE 70% methanol Anti — inflammatory and analgesic NA [36]
20 ANE 70% ethanol Anti - inflammatory AN leaf (stage not mentioned) [37]
21 ANE - CC-516 Ethanol Anti — inflammatory and anti NA [38]
- melanogenesis
22 ANE Water Anti — ulcerogenic NA [47]
23 ANE 70% ethanol Wound healing NA [42]
24 ANE 70% ethanol Wound healing NA [45]
25 ANE 70% ethanol Wound healing NA [43]
26 ANE 70% ethyl alcohol Wound healing Mature AN [46]
27 ANE — arecoline, Chloroform and 80% Wound healing NA [44]
polyphenols methanol
28 ANE 80% ethanol Anti — helminth (Fasciola spp.) Mature AN [48]
29 AN NA Anti - helminth Mature AN [57]
30 ANE 70% ethanol Anti — helminth (4scaris NA [58]
lumbricoides)
31 ANE hexane, chloroform, Anti — helminth (Cotylophoron NA [59]
ethyl acetate cotylophorum)
and ethanol
32 ANE Distilled water Anti — helminth (4scaridia galli) NA [51]
33 ANE Water Anti — helminth (4scaridia galli) NA [55]
34 ANE Water Anti — helminth (Fasciola gigantica) NA [49]
35 ANE 95% ethanol Anti — helminth, anti — microbial and AN root (stage not mentioned) [50]
antioxidant
36 ANE - lauric, myristic,  50% acetone Anti - helminth NA [56]
palmitic, and oleic acids
37 ANE 95% ethanol Cardioprotective NA [60]
38 ANE 95% ethanol Cardioprotective NA [61]
39 ANE 95% ethanol Cardioprotective NA [62]
40 ANE 95% ethanol Cardioprotective AN inflorescence (stage not [63]

mentioned)

ANE Areca nut extract, AN Areca nut and N4 — not available (AN seed used, in case of stage of seed used)
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Table 2 Anticancer properties and its mechanisms of bioactive compounds from Areca nut

Serial ~ Extracts/Oils/Bioac-  Solventused  Type of cancer Mechanism Model Stage of Refer-
No. tive compound(s) for Extraction the seed ences
used
1 ANE NA Hepatocellular cancer ROS production with lime at HepG2, HepJ5,  Ripe [72]
alkaline pH leads to modifica-  Mahlavu cell areca
tion in DNA 8-OH-dG lines and nude nut
mice xenograft
2 Arecoline NA Basal Cell Carcinoma Decrease in IL-6, which results BCC-1/KMC, NA [66]
in cell cycle arrest in G2/M HaCaT (no
due to low CDK1 activity due  effect), BALB/c
to CDc25C low levels. Also, mice xenograft
pro-apoptotic due to caspase-3
activation and decrease in
levels in Bel3
3 Arecoline NA Prostate cancer Cell cycle arrest of RWPE-1 RWPE-1, PC-3, NA [65]
and PC-3 in G2/M phase and LNCaP cells
LnCaP in G/G1 phase due to
probable ROS pathway induce
by arecoline
4 ANE and Arecoline NA Oropharyngeal G2/M cell cycle arrest KB cells NA [64]
5 30-100 KDa ANE Squeezed juice Oral cancer Autophagy induced by ROS CE8I1T/ Tender  [73]
resuspended in VGH, Jurkat AN
water leukemia T cells
6 ANE 96% ethanol ~ Oral Cancer Induce apoptosis by expressing HSC-2, HSC-3  NA [69]
caspase-3 enzyme
7 Arecoline NA Laryngeal cancer N - Nitoso compounds derived Hep2 cells NA [82]
from Arecoline interact with
DNA
8 ANE Water and Breast cancer Cytotoxic MCEF-7 cells NA [77]
methanol
9 Arecoline NA Head, neck, lung, ACAT1I inhibitor Human cancer NA [76]
prostate cancer and cells, peripheral
leukaemia blood samples
and mouse model
(not specified)
10 ANE 95% ethanol Cholangiocarcinoma  Apoptosis, caspase 3, cPARP, RMCCALI NA [68]
CHK?2 and p53 increased action
11 AN NA Oral cancer Observed no induction of Syrian hamsters NA [80]
malignant tumor in hamster (Mesocricetus
cheek pouch auratus)
12 ANE, processed and ~ Water Oral, pharyngeal and No tumors observed in mice Swiss albino Ripe [81]
unprocessed oesophageal cancer  except for unprocessed AN mice and
showed weak carcinogenicity at Unripe
high doses
13 Arecoline NA Oral cancer Cell cycle arrest and apoptosis KB cells NA [78]
14 30-100 K Da ANE Squeezed juice Mouth, bladder, and  Autophagy, apoptosis and phos- OECM — 1, SCC Tender  [75]
and arecoline resuspended in  oesophagus phorylation of mTOR — Ser?**® -9, UB - 09, AN
water T24 and CE81T/
VGH
15 30-100 K Da ANE Squeezed juice Mouth, bladder, and  Autophagy, apoptosis NA Tender [74]
— proteoglycans resuspended in  oesophagus AN

water
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Table 2 (continued)

Serial  Extracts/Oils/Bioac-  Solventused  Type of cancer Mechanism Model Stage of Refer-
No. tive compound(s) for Extraction the seed ences
used
16 ANE — ether extract Water, ether, Gastric or oesopha-  Inhibit endogenous N — nitroso 2 human Dry AN [79]
— catechin, epicat- and n—butyl  geal cancer compounds formation in gut volunteers
echin, leucocyanidins  alcohol
—n — butyl extract
— proanthocyanidins
17 ANE 96% ethanol Oral cancer Cell cycle arrest, inhibit prolif- HSC 2, HSC 3 NA [67]

eration and apoptosis

ANE Areca nut extract, AN Areca nut and N4 not available (AN seed used, in case of stage of seed used), ACATI acetyl-CoA acetyltransferase
1, cPARP cleaved poly (ADP-ribose) polymerase, CDK cyclin dependent kinases, CHK checkpoint kinase, mTOR mammalian target of
rapamycin, Bcl-2 B cell lymphoma — 2, Hep hepatocellular carcinoma, HaCaT Human Adult low Calcium high Temperature keratinocytes,
BCC Basal cell carcinoma, BALB Bagg Albino, HSC human squamous cell carcinoma, LNCaP Lymph Node Carcinoma of the Prostate,
PC prostate cancer, CE8IT/VGH Cheng-En 81 Tumor, Veterans General Hospital, MCF-7 Michigan Cancer Foundation-7, RMCCA Rat
Cholangiocarcinoma Cell Line, OECM Oral Epidermoid Carcinoma Model, SCC Squamous Cell Carcinoma, 724 transitional cell carcinoma

of the bladder

preparations may interfere with enzymes relevant to elastin
and hyaluronan degradation. However, enzyme inhibition
assays provide only mechanistic evidence at the biochemi-
cal level and do not by themselves establish functional anti-
aging effects in living skin.

A second line of evidence relates to UV-B-induced photo-
aging. Procyanidin-rich ANE mitigated UV-B-induced skin
alterations in CD-1 mice, including keratinocyte hyperpro-
liferation, increased epidermal thickness, sebaceous gland
enlargement, and collagen degradation, as assessed by H&E
(haematoxylin and eosin) and Masson’s trichrome staining.
The extract also downregulated UV-B-induced expression
of COX-2 (cyclooxygenase-2), the matrix metalloprotein-
ases MMP-2 and MMP-9, and the tissue inhibitor TIMP1,
suggesting reduced inflammatory and matrix-degrading
responses [22]. These findings support a possible photopro-
tective effect of areca-derived preparations in an experimen-
tal model of UV-B damage. Nevertheless, such observations
are specific to induced photoaging conditions in animals and
cannot be directly extrapolated to broader antiaging effects
in humans.

Additional studies evaluated a different preparation,
CC-516, in relation to hydration, elasticity, wrinkling, and
melanogenesis. This extract, reported to contain approxi-
mately 13% proline, improved skin hydration and elasticity
and reduced wrinkling, as measured using a corneometer,
cutometer, and visiometer. It also inhibited elastase activity
over a concentration range of 10250 pg/mL and increased
collagen content and fibroblast proliferation ata 10~ dilution
[23]. In B-16 melanoma cells, CC-516 inhibited tyrosinase
activity and reduced melanin-related outcomes, with activ-
ity greater than that of arbutin but lower than that of kojic
acid [22]. Taken together, these findings suggest that some
areca-derived preparations may influence skin-related func-
tional parameters as well as select biochemical pathways
linked to matrix maintenance and pigmentation. However,

because these observations combine cosmetic instrument-
based measurements, cell-based assays, and partly charac-
terized extract systems, they remain preliminary and do not
clarify which constituents are primarily responsible for the
observed effects.

Collectively, the available studies suggest that areca nut-
derived preparations may exert skin-related bioactivities
through several preclinical pathways, including inhibition
of matrix-degrading enzymes, attenuation of UV-B-induced
tissue damage, and modulation of hydration, elasticity-,
and pigmentation-related parameters. However, these find-
ings are derived from heterogeneous experimental systems
that reflect different biological levels of analysis and are
not directly comparable. Enzyme assays primarily indicate
biochemical interactions with specific targets, UV-B mouse
studies address photodamage in an induced animal model,
and hydration or pigmentation studies involve cosmetic, cel-
lular, or formulation-level outcomes rather than disease-level
validation. Therefore, the current evidence supports only pre-
liminary antiaging-related activity in preclinical settings. This
interpretation is further limited by incomplete metabolite
characterization, uncertainty regarding the active constitu-
ents, and the absence of robust human clinical studies.

Anti-diabetic effects

Compounds with hypoglycemic activity may lower blood
glucose levels through different mechanisms, including
inhibition of carbohydrate digestion, modulation of hepatic
glucose production, or protection against pancreatic and
metabolic injury. The studies reviewed here suggest that
areca nut-derived extracts may influence glucose-related
pathways across enzymatic, cellular, and animal models;
however, these models represent different biological pro-
cesses and should not be interpreted as equivalent evidence
of antidiabetic efficacy.
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Table 3 Neuropharmacological Serial  Extracts/Oils/Bioac- Solvents used — Action Stage of Refer-
properties and its mechanism No. tive compound(s)  for Extraction the seed  ences
of bioactive compounds from used
Areca nut - T
1 ANE Ethanol, water, Anti — depressant, MAO inhibition =~ NA [83]
hexane
2 ANE — Arecoline,  Ethanol Anti - neuroinflammatory NA [85]
epicatechin, syrin-
gic acid.
3 ANE — Gallic Aqueous Anti — epilectic seizures and modula- NA [86]
acid, epicatechin, tion of cognitive function
catechin, syringic
acid, isoguvacine,
arecoline, guva-
cine, guvacoline,
arecaidine
4 Arecoline NA Attenuates Schizophrenia NA [87]
5 Arecoline NA Reverses cortisol level in DST NA [102]
related to endogenous depression
6 Arecoline NA Memory improvement in Alzheim- ~ NA [89]
er’s patients
7 Arecoline NA Cognitive function improvement in ~ NA [91]
Alzheimer’s disease
8 Arecoline NA Improves memory retention NA [92]
9 Arecoline NA Cognitive function improvement in ~ NA [90]
Alzheimer’s disease
10 AN chewing NA Helps to alleviate symptoms NA [98]
11 Arecaidine, NA Inhibits uptake of GABA and f NA [88]
Guvacine — alanine
12 ANE 50% aqueous  Anti — migraine by inhibition of NA [99]
ethanol iNOS
13 Arecoline NA Enhances human serial learning NA [97]
14 ANE — catechin, 70% Aqueous  Anti — platelet and acetylcholine Dried [100]
tannic acid, gallic ~ methanol esterase inhibition AN
acid, diosgenin,
isoguvacine
15 Arecoline NA REM sleep induction NA [103]
16 ANE Water Anti — Alzheimer’s, inhibits amyloid NA [93]
B and BACE1
17 Arecoline NA Anti — Alzheimer’s NA [94]
18 Arecoline NA Cognitive function improvement in ~ NA [95]
Alzheimer’s disease
19 ANE - arecoline Methanol Increase in spatial memory and Wetand [104]
learning Dry AN
20 Arecoline NA Cognitive function improvement in ~ NA [96]
ﬁ% i Areca nut extract, . Alzgheimer’s disease b
reca nut and NA not avail- 21 ANE - saponins aqueous, ethyl ~ Anti — depressant, via elevation of ~ NA [84]
able (AN seed used, in case of . .
stage of seed used), MAO mono- acetate, hexane, serotonin and noradrenaline levels
amine oxidase, DST dexa- and dichloro-
. methane:
methasone suppression test, o .
GABA Gamma-Aminobutyric acidified, basi-
Acid, REM rapid eye move- fied and neutral
ment, BACEI beta-secretase 1, 22 ANE 70% aqueous ACHhE inhibition NA [101]

AChE acetylcholinesterase

methanol

Ethanolic areca nut extract (ANE) from mature nuts
was reported to inhibit intestinal disaccharidase enzymes
involved in monosaccharide generation and absorption. In
vitro, ANE inhibited a-glucosidase-related activity, with
ICso values of 12 pg/mL for maltase and 30 pg/mL for
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sucrase. In male Wistar rats, ANE (250-500 mg/kg body
weight) significantly suppressed postprandial glucose
absorption at 30 and 60 min, an effect attributed mainly to
tannin-rich constituents [24]. These findings suggest that
one possible glucose-lowering mechanism of ANE lies in
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Table 4 Anti-microbial properties of areca nut extracts, bioactive compounds and its mechanisms

Serial  Extracts/Oils/Bioactive compound(s) Solvent used for Action Stage of the seed Refer-
No. Extraction used ences
1 ANE - 80% methanol, 80% Anti—microbial, against E.coli, S. NA [105]
Cyclohexane ethanol and water aureus, S.enterica, E. aerogenes.
Heptane,
2,4-bis(1,1-dimethylethyl)-Phenol
Lauric acid
Tetradecanoic acid
Diethylhexylphthalate
2 ANE — Polyphenols - 90% methanol frac- Anti-tuberculosis (Mycobacterium AN (Mangalore  [121]
Catechin tionated with hexane,  tuberculosis H37Rv) variety) stage not
Epicatechin chloroform, ethyl mentioned
Epigallocatechin gallate acetate, and ethanol
3 Copper nanoparticles from ANE methanol Anti — bacterial and Anti — Oxidant Mature AN [125]
4 AN essential oil NA Anti — microbe (S.mutans) Immature green  [109]
AN (Sanya,
China)
5 ANE Boiled water Anti -microbial, fungal and viral NA [123]
6 Polyphenols NA Anti — microbial (S.mutans NA [110]
NF-861, NF-8611 MT8148(c), MT6715(g) respectively)
7 Peptides Protein isolation Anti — microbial (S. epidermidis, E. NA [124]
(65 kDA and 68kDA) reagents coli and, P. mirabilis)
8 Terpenes Hexane, ethyl acetate, Anti — fungal (C.gloeosporioides) Mature fruit of [118]
Fernenol, arundoin, and mixture of stig- methanol AN
masterol, B — sitosterol and lauric acid
9 ANE 95% ethyl alcohol Anti — microbial against mixed NA [107]
oral flora and E. coli, P. vulgaris, P.
aeruginosa, S. non-typhi, S. typhi, S.
flexneri and V.
Cholera
10 ANE Water, ethanol, Anti — microbial (gram positive) NA [108]
n- hexane
11 ANE butanol Anti — malarial NA [120]
12 ANE - isorhamnetin, chrysoeriol, luteo-  ethanol Anti — bacterial (MRSA) NA [111]
lin, (+)—4’, 5 — dihydroxy — 3°,5°, 7 —
trimethoxyflavone and jacareubin
13 ANE Water, 95% alcohol, Anti — microbial (B.cereus, S.aureus, Ripe and unripe  [106]
acetone and ethyl E.coli and S.typhimurium) (Nakornchaisri,
acetate Nakornbathom
province and
Banpaew,
Samuthprakarn
province)
14 ANE Water and alcohol Anti — fungal Husk [115]
15 ANE - catechin, quercetin 96% ethanol Immunomdulatory effect in rats Ripe AN [119]
infected with S. aureus
16 ANE Boiled water Anti — fungal — Candida albicans NA 114]
17 ANE — quercetin, cinnamic acid Chloroform, water, Anti — microbal (Bacillus subtilis) NA [112]
methanol and ethanol
18 ANE Water Anti — fungal (Meyerozyma sp. and Mature AN [116]
Aspergillus sp.)
19 ANE Water and methanol Ant — viral NA [122]
20 BQ/ANE Ethyl acetate Anti - bacterial NA [113]
21 ANE methanol Anti - fungal (Candida albicans) NA [117]
22 ANE NA (HS —SPME and  Anti — microbial (Streptococcus canis) NA [126]

SHDE methods used)

ANE Areca nut extract, AN Areca nut and N4 not available (AN seed used, in case of stage of seed used), HS-SPME headspace solid-phase
microextraction, SHDE simultaneous hydrodistillation—extraction
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Table 5 Antioxidant properties of areca nut extracts and its bioactive compounds
Serial ~ Extracts/Oils/Bioactive Solvents used for Action and assay used Stage of the seed Refer-
No. compound(s) Extraction used ences
1 ANE methanol, n- hexane, Antioxidant — DPPH, H,0,, F ¢" chelat- NA
ethyl acetate, ing and FRAP assays [135]
toluene, and chloroform.
2 ANE Methanol, petroleum Antioxidant — H,0,, and reducing Mature AN fruit
ether, ethyl acetate and power assays [127]
water extract
3 ANE water and ethanol (50%)  Antioxidant — H,0,, and FRAP assays ~ NA
[128]
4 ANE 70% ethanol Antioxidant — DPPH, OH., and reducing Areca flower, husk
power assays and seed [129]
5 ANE methanolic and aqueous  Antioxidant — DPPH assay and GST Ripe and unripe
extract activity assay in rat liver (seeds, roots, and [131]
adventitious roots)
6 ANE — procyanidins, isorh- 10% aqueous sample Antioxidant - DPPH, FRAP, and FTC Mature AN
amnetin 3-O- rutinoside and extract assay [136]
catechin
7 ANE - alkaloid, flavonoids, Ethanol Antioxidant and cytotoxic to EAC cells NA
pyroatecol, tannins, and gallic —NO and OH radical scavenging assay [140]
acid
8 ANE —4-[3’-(hydroxy- Ethanol further portioned Antioxidant — DPPH assay and cyto- NA
methyl)oxiran-2’-yl]-2,6- by water, ethyl acetate, toxic towards SGC-7901and SMMC- [141]
Dimethoxyphenol, n — butanol and light 7721 cell lines
epoxyconiferyl alcohol, petroleum
isovanillic acid, protocat-
echuic acid, catalpinic acid,
isorhamnetin, chrysoeriol,
luteolin, (+)—4’,5-dihydroxy-
3’5, 7-trimethoxyflavonone,
(£)—4’,5-dihydroxy-3°,5",7-
trimethoxyflavonone, (25,3R)-
entcatechin and jacareubin
9 ANE Methanol, 50% methanol Antioxidant — DPPH, superoxide and Mature AN
and water reducing power assays [132]
10 ANE - gallic acid, Water, 50% acetone, 50% Antioxidant — ABTS, DPPH, FRAP, NA
(-)-gallocatechin, methanol, 50% ethanol,  reducing power, CUPRAC and OH radi- [144]
(-)-epigallocatechin, D-cate- ethyl acetate and deep cal scavenging assays.
chin, isorhamnetin-3-O-galac-  eutectic solvents It also exhibited anti-microbial and o —
toside, arecaine, arecoline, and glucosidase inhibition
guvacoline
11 ANE - arecoline, catechin and  methanol Antioxidant — DPPH and ABTS assay Mature AN (Indo-
epicatechin nesia; Banda Aceh, [137]
North Sumatra, West
Kalimantan and West
Papua)
12 ANE — arecoline, catechin and ~ 80% methanol Antioxidant — DPPH, FRAP, ABTS, OH Ripe and unripe AN
epicatechin and NO radical scavenging assays (Sri Lanka; Kalutara, [138]
Kandy, Kegalle,
Kurunegala, and
Badulla)
13 Tri-Yannarose — contains areca  water Antioxidant — DPPH, FRAP, ABTS, NA
nut NBT, ORAC and MCA assays [139]
14 ANE - polyphenols 50% ethanol Antioxidant — upregulated Nrf2 and NA
HO1 and downregulated MAPK [143]
pathway
15 ANE — epicatechin and syringic 70% ethanol Antioxidant — DPPH, OH radical scav- NA
acid enging and reducing power assays [130]
16 ANE 70% ethanol Antioxidant — DPPH, reducing power, = NA
and ABTS assays [145]
17 ANE Methanol, water and Antioxidant - DPPH Fruit (stage not
butanol mentioned) [133]
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Table 5 (continued)
Serial  Extracts/Oils/Bioactive Solvents used for Action and assay used Stage of the seed Refer-
No. compound(s) Extraction used ences
18 ANE - catechin, epicatechin 80% acetone Antioxidant — ABTS, FRAP and OH AN Mangalore
radical scavenging assay variety (stage not [146]
mentioned)
19 ANE — PAP1b Hot water extraction and ~ Antioxidant — DPPH and OH radical NA
ethanol precipitation scavenging assay [147]
20 ANE Methanol, bidistilled Antioxidant - TEAC assay AN (1,2,3,4,6,
water, petroleum ether, and 8 months), [134]
methylene chloride, and leaves, crownshafts,
ethyl acetate fruit shells (4 and 8
months), fibrous skin
of mesocarp, exocarp
and endocarp, root
and adventitious root
21 ANE 0.1% of methanol, Antioxidant — comet assay AN seed, husk,
dichloromethane, water, flower bud, bloomed [148]
petroleum ether, and ethyl flower and leaf bud
acetate (stage not mentioned)
22 ANE 96% ethanol Antioxidant — DPPH assay and cyto- NA
toxic towards HSC 2 and HSC 3 cells [142]

but not toxic to HaCat cells.

ANE Areca nut extract, AN Areca nut and N4 not available (AN seed used, in case of stage of seed used), DPPH 2,2-diphenyl-1-picrylhydrazyl,
FRAP ferric —reducing antioxidant power, ABTS 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), CUPRAC cumulative reducing anti-
oxidant capacity, TEAC Trolox equivalent antioxidant capacity, Nrf2 nuclear factor erythroid 2-related factor 2, HO-I heme oxygenase-1,
NBT nitroblue tetrazolium, MAC metal-chelating activity, ORAC oxygen radical absorbance capacity, FAC Ehrlich Ascites Carcinoma cells,
HaCaT Human Adult low Calcium high Temperature keratinocytes, HSC human squamous cell carcinoma

reducing intestinal carbohydrate digestion and postprandial
glucose uptake. However, such enzyme-based and acute
absorption models primarily reflect postprandial glycemic
control and do not by themselves establish broader antidia-
betic efficacy.

Additional studies have used animal models of chemi-
cally induced diabetes, particularly alloxan and streptozoto-
cin (STZ), both of which predominantly damage pancreatic
B-cells and are typically used to model insulin-deficient
states. In Sprague—Dawley rats with alloxan-induced diabe-
tes, ANE at 45 mg/200 g body weight improved glucose
tolerance, whereas 180 mg/200 g reduced blood glucose
levels [25]. Since alloxan induces reactive oxygen species
(ROS)-mediated f-cell destruction, the observed effects
may reflect antioxidant protection, partial preservation of
B-cell function, or indirect glycemic modulation. Another
study revealed that ethanolic ANE showed no acute toxic-
ity up to 2000 mg/kg and attenuated alloxan-induced histo-
pathological damage in the liver and kidney, such as biliary
hyperplasia, arterial fibrosis, kidney necrosis, and poly-
morphonuclear cell infiltration, while it also showed syn-
ergy with gliclazide in Wistar rats. The authors attributed
the protective effects to tannins and procyanidins, although
direct compound-specific validation was limited [26]. Simi-
larly, areca flower extracts reduced blood glucose levels in
alloxan-induced diabetic rats and mice, with ethanol and
aqueous extracts outperforming petroleum ether extracts

and improving serum urea levels, cholesterol levels, tri-
glyceride levels, and body weight [27]. Although these find-
ings suggest glucose-lowering and tissue-protective effects
in alloxan-based models, they remain specific to chemi-
cally induced insulin-deficient states and cannot be directly
extrapolated to all forms of diabetes, particularly type 2
diabetes.

In Wistar rats with STZ-induced diabetes, areca leaf
extracts prepared in petroleum ether, chloroform, and
methanol were also evaluated, with the methanolic extract
showing the strongest restoration of body weight and
blood glucose by day 15 at 200 mg/kg body weight [28].
The extract additionally normalized AST (aspartate amino-
transferase), ALT (alanine aminotransferase), SALP (serum
alkaline phosphatase), serum protein, and cholesterol levels,
suggesting concomitant hepatometabolic effects. Because
STZ, like alloxan, largely reflects B-cell toxicity and insulin
deficiency, these results again point to preclinical antihy-
perglycemic activity in an experimentally induced diabetic
state but do not clarify whether the underlying mechanism
is primarily pancreatic, antioxidant, hepatoprotective, or
due to broader phytochemical interactions. The use of crude
extracts and incomplete attribution to specific active con-
stituents further limits mechanistic interpretation.

A separate line of evidence implicates hepatic glucose
metabolism. Q-TOF LC-MS (quadrupole time—of—flight—
liquid chromatography—mass spectrometry) revealed
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Table 6 Beneficial effects of areca nut extracts and its major groups of
secondary metabolites

Serial  Extracts/Oils/ Solvents Action Stage  Refer-
No. Bioactive used for of the ences
compound(s)  Extraction seed

used
1 ANE —alka-  95% alcohol Aphrodi-  Tender
loids, tannins, siac AN [149]
phytosterols,
and saponins
2 AN - arecoline NA Suppresses NA
hunger and [150]
manage
power
balance
3 Arecoline NA Inhibits NA
growth of [151]
3T3-1L1
preadipo-
cytes
4 Arecoline NA Pro- NA
teasome [152]
inhibitor
5 ANE - cat- NA Choliner- NA
echin, tannic gic activity [155]
acid, arecoline and spas-
molytic
effect
6 ANE - gel Aqueous Glaucoma NA
ethanol treatment [153]
7 ANE Double dis-  Platelet NA
tilled water ~ aggregation [154]
8 ANE methanol Anti NA
- fatigue [156]
9 ANE - soap 96% ethanol Anti — Tender
fungal AN [157]
(Candida
albicans)
10 ANE ethanol Anti Ripe
- allergic AN [158]
11 AN NA Anti Ripe
- venom AN [159]
12 ANE 50% ethanol Anti — NA
- polyphenols venom [160]
(Naja
kaouthia)
13 ANE ethanol Anti NA
- hypoxic [161]
14 ANE NA Anti NA
- polyphenols - hypoxic [162]

ANE Areca nut extract, AN Areca nut and N4 — not available (AN
seed used, in case of stage of seed used)

procyanidins (monomers to hexadecamers) in ANE, and in
cyclic adenosine monophosphate (cAMP)/dexamethasone-
induced diabetic hepatocytes, these compounds suppressed
gluconeogenesis by downregulating PEPCK and glucose-
6-phosphatase mRNA expression [29]. In fasted mice,
ANE reduced hepatic phosphoenolpyruvate carboxykinase
(PEPCK) and glucose-6-phosphatase (G6 Pase) mRNA
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(messenger ribonucleic acid) expression and decreased
blood glucose while promoting the phosphorylation of gly-
cogen synthase kinase-3f (GSK-3p), potentially through
protein kinase B (Akt) or through 5’-adenosine monophos-
phate-activated protein kinase subunit alpha (AMPKa)-
related signalling pathways. These findings suggest that
areca-derived procyanidin-rich preparations may modulate
hepatic glucose output. Nevertheless, hepatocyte and short-
term fasting models primarily provide mechanistic evidence
at the cellular and metabolic levels and cannot substitute for
comprehensive in vivo or clinical validation.

Collectively, the available evidence indicates that
areca nut-derived extracts may affect glucose homeostasis
through multiple preclinical pathways, including the inhi-
bition of intestinal carbohydrate digestion, the attenuation
of hyperglycemia in chemically induced insulin-deficient
animal models, and the suppression of hepatic gluconeo-
genesis. However, these findings arise from heterogeneous
experimental systems that are not directly comparable and
do not represent the same diabetic phenotype. Enzyme inhi-
bition assays address mainly postprandial glucose handling,
whereas alloxan- and STZ-based studies largely focus on
B-cell injury and insulin-deficient states rather than the
full pathophysiology of human diabetes, especially type 2
diabetes. Hepatocyte studies further suggest metabolic rel-
evance but remain reductionist. Therefore, the current liter-
ature supports only preliminary glucose-modulating activity
in preclinical settings, while robust evidence for clinically
meaningful antidiabetic efficacy remains lacking. This inter-
pretation is further constrained by variations in extract type,
dose, duration, and incomplete identification of the specific
bioactive constituents responsible for the observed effects.

Antihypertensive effects

Areca-derived preparations have been investigated for anti-
hypertensive-related activity mainly through two preclini-
cal pathways: inhibition of angiotensin-converting enzyme
(ACE) signalling and modulation of endothelial NO—cGMP
(nitric oxide—cyclic guanine monophosphate) signalling.
However, these findings arise from different experimental
systems, including chemically characterized extracts, hyper-
tensive animal models, and isolated vascular or endothelial
assays, and therefore, these findings should not be inter-
preted as equivalent evidence of antihypertensive efficacy.
One line of evidence involves ACE inhibition by procy-
anidin-rich areca fractions. An areca nut extract fraction,
Areca [I-5-C, demonstrated antihypertensive-related activ-
ity and was reported to contain high levels of polymerized
procyanidins composed of flavan-3-ol units such as (—)-epi-
catechin and (+)-catechin. At 15 mg/kg body weight, Areca
[I-5—C significantly inhibited ACE activity in spontaneously



Pharmacological and biological activities of areca nut (Areca catechu L.): A systematic review 9691
Table 7 Summary appraisal of included studies by study type and evidence level

Serial No. Study type Evidence level References
1 in vitro Preclinical Evidence [21]
2 Animal based Preclinical Evidence [22]
3 in vitro and instrument based Preclinical Evidence [23]
4 in vitro Preclinical Evidence [24]
5 Animal based Preclinical Evidence [28]
6 Animal Based Preclinical Evidence [25]
7 Animal Based Preclinical Evidence [27]
8 in vitro Preclinical Evidence [29]
9 Animal Based Preclinical Evidence [26]
10 Animal Based Preclinical Evidence [30]
11 in vitro Preclinical Evidence [32]
12 in vitro Preclinical Evidence [31]
13 in vitro Preclinical Evidence [40]
14 in vitro Preclinical Evidence [39]
15 Animal Based Preclinical Evidence [33]
16 in vitro Preclinical Evidence [35]
17 Animal Based Preclinical Evidence [41]
18 Animal Based Preclinical Evidence [34]
19 Animal Based Preclinical Evidence [36]
20 Animal Based Preclinical Evidence [37]
21 Animal Based Preclinical Evidence [38]
22 Animal Based Preclinical Evidence [47]
23 Animal Based Preclinical Evidence [42]
24 in vitro and Animal Based Preclinical Evidence [45]
25 Animal Based Preclinical Evidence [43]
26 Animal based Preclinical Evidence [46]
27 Animal Based Preclinical Evidence [44]
28 in vitro Preclinical Evidence [48]
29 Animal Based Preclinical Evidence [57]
30 Animal Based Preclinical Evidence [58]
31 in vitro Preclinical Evidence [59]
32 in vitro Preclinical Evidence [51]
33 in vitro Preclinical Evidence [55]
34 in vitro Preclinical Evidence [49]
35 in vitro Preclinical Evidence [50]
36 Animal Based Preclinical Evidence [56]
37 Animal Based Preclinical Evidence [60]
38 Animal Based Preclinical Evidence [61]
39 Animal Based Preclinical Evidence [62]
40 in vitro Preclinical Evidence [63]
41 in vitro Preclinical Evidence [72]
42 in vitro and Animal Based Preclinical Evidence [66]
43 in vitro Preclinical Evidence [65]
44 in vitro Preclinical Evidence [64]
45 in vitro Preclinical Evidence [73]
46 in vitro Preclinical Evidence [69]
47 in vitro Preclinical Evidence [82]
48 in vitro Preclinical Evidence [77]
49 in vitro and Animal Based Preclinical Evidence [76]
50 in vitro Preclinical Evidence [68]
51 Animal Based Preclinical Evidence [80]
52 Animal Based Preclinical Evidence [81]
53 in vitro Preclinical Evidence [78]
54 in vitro Preclinical Evidence [75]
55 in vitro Preclinical Evidence [74]
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Table 7 (continued)

Serial No. Study type Evidence level References
56 Human Based Insufficient Clinical Evidence [79]
57 in vitro Preclinical Evidence [67]
58 Animal Based Preclinical Evidence [83]
59 in vitro Preclinical Evidence [85]
60 Animal Based Preclinical Evidence [86]
61 Animal Based Preclinical Evidence [87]
62 Human Based Clinical Evidence [102]
63 Human Based Clinical Evidence [89]
64 Human Based Clinical Evidence [91]
65 Animal Based Preclinical Evidence [92]
66 Human Based Clinical Evidence [90]
67 Animal Based Preclinical Evidence [98]
68 Animal Based Preclinical Evidence [88]
69 Animal Based Preclinical Evidence [99]
70 Human Based Clinical Evidence [97]
71 Animal Based Preclinical Evidence [100]
72 Human Based Clinical Evidence [103]
73 in vitro Preclinical Evidence [93]
74 Human Based Clinical Evidence [94]
75 Human Based Clinical Evidence [95]
76 Animal Based Preclinical Evidence [104]
77 Human Based Clinical Evidence [96]
78 Animal Based Preclinical Evidence [84]
79 Animal Based Preclinical Evidence [101]
80 in vitro Preclinical Evidence [105]
81 in vitro Preclinical Evidence [121]
82 in vitro Preclinical Evidence [125]
83 in vitro Preclinical Evidence [109]
84 in vitro Preclinical Evidence [123]
85 in vitro Preclinical Evidence [110]
86 in vitro Preclinical Evidence [124]
87 in vitro Preclinical Evidence [118]
88 in vitro Preclinical Evidence [107]
89 in vitro Preclinical Evidence [108]
90 Animal Based Preclinical Evidence [120]
91 in vitro Preclinical Evidence [111]
92 in vitro Preclinical Evidence [106]
93 in vitro Preclinical Evidence [115]
94 Animal Based Preclinical Evidence [119]
95 in vitro Preclinical Evidence [114]
96 in vitro Preclinical Evidence [112]
97 in vitro Preclinical Evidence [116]
98 in vitro Preclinical Evidence [122]
99 in vitro Preclinical Evidence [113]
100 in vitro Preclinical Evidence [117]
101 in vitro Preclinical Evidence [126]
102 in vitro Preclinical Evidence [135]
103 in vitro Preclinical Evidence [127]
104 in vitro Preclinical Evidence [128]
105 in vitro Preclinical Evidence [129]
106 in vitro Preclinical Evidence [131]
107 in vitro Preclinical Evidence [136]
108 in vitro Preclinical Evidence [140]
109 in vitro Preclinical Evidence [141]
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Table 7 (continued)

Serial No. Study type Evidence level References
110 in vitro Preclinical Evidence [132]
111 in vitro Preclinical Evidence [144]
112 in vitro Preclinical Evidence [137]
113 in vitro Preclinical Evidence [138]
114 in vitro Preclinical Evidence [139]
115 in vitro Preclinical Evidence [143]
116 in vitro Preclinical Evidence [130]
117 in vitro Preclinical Evidence [145]
118 in vitro Preclinical Evidence [133]
119 in vitro Preclinical Evidence [146]
120 in vitro Preclinical Evidence [147]
121 in vitro Preclinical Evidence [134]
122 in vitro Preclinical Evidence [148]
123 in vitro Preclinical Evidence [142]
124 Animal Based Preclinical Evidence [149]
125 Human based Observational Clinical Evidence [150]
126 in vitro Preclinical Evidence [151]
127 in vitro Preclinical Evidence [152]
128 in vitro Preclinical Evidence [155]
129 Animal Based Preclinical Evidence [153]
130 Animal Based Preclinical Evidence [154]
131 Animal Based Preclinical Evidence [156]
132 in vitro Preclinical Evidence [157]
133 in vitro Preclinical Evidence [158]
134 Human Based Observational Insufficient Preclinical Evidence [159]
135 in vitro Preclinical Evidence [160]
136 in vitro Preclinical Evidence [161]
137 in vitro Preclinical Evidence [162]

hypertensive rats (SHRs) and normotensive Wistar Kyoto
rats (WKYs). The effect of the measured ACE-related end-
point was stronger in SHRs than in controls, although capto-
pril was markedly more effective at restoring body weight.
No significant vascular effects were observed in WKYs,
and the extract did not alter norepinephrine-, bradykinin-,
or acetylcholine-related responses [30]. These findings
suggest that polymerized procyanidin-rich areca fractions
may contribute to blood pressure-related effects through
ACE-associated mechanisms in hypertensive experimental
settings. However, comparisons with captopril should be
interpreted cautiously because the endpoints assessed were
not fully equivalent, and the findings do not establish clini-
cal antihypertensive efficacy.

Additional evidence comes from phytochemically
characterized ethanolic extracts of areca flowers, husks,
and seeds. UHPLC-MS/MS (ultrahigh-performance lig-
uid chromatography—tandem mass spectrometry) analysis
revealed that flowers were rich in cynaroside, luteolin, and
diosmetin; husks contained high levels of schaftoside and
diosmetin; and seeds were enriched in catechin, procyanidin
B1/B2, and L-epicatechin. ACE inhibition was measured
using HHL (hippuryl-L-histidyl-L—leucine) as a substrate

for fluorescence detection, and the ACE inhibitory activity
of the seed extracts was stronger than that of the flower or
husk extracts. Individual compounds, including epicatechin,
rutin, taxifolin, kaempferol, isoquercitrin, and procyani-
din B2, were also associated with antihypertensive-related
effects [31]. Taken together, these findings support the view
that catechin- and procyanidin-rich seed-derived prepara-
tions may be the most relevant areca source for ACE-related
activity. Nevertheless, because these data are based largely
on extract profiling and enzyme inhibition assays, the rela-
tive contributions of individual compounds, oligomeric
mixtures, and synergistic extract effects remain unresolved.

A separate line of evidence concerns vascular relaxation
through NO-cGMP signalling. Arecoline was reported to
relax human umbilical artery and vein rings and to increase
eNOS (endothelial nitric oxide synthase) and ¢cGMP lev-
els, suggesting endothelium-dependent vasorelaxant activ-
ity. However, in human umbilical vein endothelial cells
(HUVECS), arecoline at concentrations of 100—1000 mM
inhibited cell proliferation and induced G2/M arrest, indi-
cating marked cytotoxic or antiproliferative effects at high
concentrations [32]. This creates an important interpretive
limitation: while arecoline may influence vascular tone
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through NO—cGMP signalling under certain experimental
conditions, the coexistence of endothelial growth-inhibitory
effects at high exposure levels raises significant safety and
dose—response concerns. Accordingly, vascular relaxation
findings should not be interpreted independently of the
broader toxicological context.

Collectively, the available evidence suggests that areca-
derived fractions may influence blood pressure-related
pathways through preclinical mechanisms involving ACE
inhibition and endothelial NO—cGMP signalling. However,
these findings derive from heterogeneous models that are not
directly comparable. ACE inhibition assays and hyperten-
sive rat studies primarily indicate possible interactions with
renin—angiotensin-related mechanisms, whereas isolated
vascular and endothelial cell models address vasorelaxation
and cellular signalling under controlled experimental con-
ditions. Therefore, the evidence supports only preliminary
antihypertensive-related activity in preclinical systems
rather than established therapeutic relevance. This interpre-
tation is further limited by variability in extract type and
composition, incomplete isolation of the active constitu-
ents, nonequivalent physiological endpoints, and the poten-
tial for dose-dependent toxicity, particularly in the case of
arecoline.

Anti-inflammatory and analgesic effects

Areca catechu-derived preparations have been investigated
for anti-inflammatory and analgesic-related activity across a
broad range of preclinical systems, including acute nocicep-
tive assays, carrageenan-based inflammatory models, mac-
rophage systems, enzyme-related assays, and supportive
hepatoprotective models. Collectively, these studies suggest
that areca-derived extracts may influence inflammatory sig-
nalling through several pathways, including COX-2/5-li-
poxygenase (5-LOX), mitogen-activated protein kinase
(MAPK)/nuclear factor kappa B (NF-xB), and hyaluroni-
dase-associated mechanisms. However, these models rep-
resent different biological levels of analysis and should not
be interpreted as equivalent evidence of anti-inflammatory
or analgesic efficacy.

One line of evidence comes from animal pain and acute
inflammation models. In Swiss albino mice with acetic acid-
induced gastric pain, methanolic extracts from areca nut
stems and leaves reduced pain in a dose-dependent man-
ner, with leaf extracts showing greater activity than stem
extracts and aspirin [33]. Additional hydroalcoholic extracts
also showed activity in the hot plate test, formalin-induced
paw licking, and carrageenan-induced paw edema, suggest-
ing effects in both central and peripheral nociceptive mod-
els [34]. These findings indicate that some areca-derived
preparations may possess antinociceptive activity in acute
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preclinical pain settings. However, such models primarily
reflect short-term nociceptive and inflammatory responses
and do not by themselves define the precise molecular basis
of analgesic action.

A second group of studies examined inflammatory sig-
nalling pathways more directly. In oral squamous carcinoma
(SAS) cells, 80% acetone areca nut extract reduced COX-2
and extracellular signal-regulated kinase (ERK) phosphory-
lation at lower concentrations, whereas higher concentra-
tions induced COX-2 expression, MAPK activation, and
NF-«B translocation. The use of the ERK inhibitor PD98059
supported the involvement of the ERK pathway in COX-2
regulation. In a carrageenan-induced rat air pouch model,
the same extract showed dose-dependent anti-inflammatory
effects and was reported to be rich in B-type procyanidins
[35]. Similarly, a 70% ethanolic extract inhibited COX-2 and
5-LOX, suppressed prostaglandin E. (PGE-), and reduced
inflammation in carrageenan-, arachidonic acid-, formalin-,
acetic acid-, serotonin-, and histamine-based models, with
the aqueous fraction showing the strongest activity [36].
Notably, the extract had little effect on serotonin- or hista-
mine-induced inflammation, suggesting greater activity in
pathways associated with prostaglandins and later inflam-
matory phases. Taken together, these studies support a pos-
sible anti-inflammatory role of areca-derived preparations
through the modulation of eicosanoid-related and MAPK-
associated signalling. Nevertheless, the findings remain
model specific, and concentration-dependent bidirectional
effects in SAS cells indicate that the direction of response
may vary with exposure level and biological context.

Additional studies provide supportive but heterogeneous
evidence. In RAW264.7 macrophages stimulated with LPS,
areca leaf ethanol extract downregulated iNOS (inducible
nitric oxide synthase), COX-2, and NF-kB (nuclear factor
kappa B) while also reducing carrageenan-induced paw
swelling in rats [37]. Compared with prednisolone and indo-
methacin, a different preparation, CC-516, inhibited hyal-
uronidase activity but had weaker effects on croton oil- and
arachidonic acid-induced ear edema [38]. Chloroform and
methanolic leaf extracts also inhibited protein denaturation
and stabilized RBC membranes, with arecoline and apigenin
identified as active constituents [39]. Ethanolic extracts from
young and mature nuts similarly inhibited protein denatur-
ation, with young nuts showing somewhat stronger activ-
ity [40]. In addition, areca nut extract reduced ALT, AST,
and malondialdehyde (MDA) levels and improved histo-
logical injury in CCls-exposed nude Wistar rats, suggest-
ing that hepatoprotective effects may coexist with broader
anti-inflammatory activity [41]. While these findings col-
lectively suggest that areca-derived preparations may inter-
act with inflammatory processes at several levels, they arise
from diverse systems, ranging from macrophage signalling
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to protein stability assays and hepatic injury models, and
therefore do not support a single unified mechanism.

Collectively, the available evidence suggests that Areca
catechu-derived extracts may exert anti-inflammatory
and analgesic-related effects through several preclini-
cal pathways, including modulating COX-2/5-LOX and
MAPK/NF-kB signalling, attenuating acute inflammatory
responses, inhibiting hyaluronidase-associated matrix deg-
radation, and reducing the expression of selected injury-
related biomarkers. However, these findings are derived
from highly heterogeneous experimental systems that are
not directly comparable. Acute nociceptive assays, carra-
geenan-based edema models, macrophage signalling stud-
ies, protein denaturation assays, and hepatoprotective injury
models each address different aspects of inflammatory
biology and support different levels of inference. Accord-
ingly, the current literature supports only preliminary anti-
inflammatory and antinociceptive activity in preclinical
settings. This interpretation is further limited by differences
in extract type, solvent system, dose, assay conditions, and
incomplete identification of the specific active constituents
responsible for the observed effects.

Wound-healing and gastroprotective effects

Areca catechu-derived preparations have been investigated
for tissue repair-related activity in both cutaneous wound
healing and gastric injury models. Across these studies,
the reported effects include enhanced wound contraction,
epithelialization, collagen-associated repair, antimicrobial
activity in topical formulations, and attenuation of oxidative
damage in alcohol-induced gastric lesions. However, these
findings arise from the use of different experimental meth-
ods, such as topical burn models, incision/excision wound
models, and gastric ulcer models; therefore, these findings
should not be interpreted as equivalent evidence of a single
wound-healing mechanism.

One line of evidence concerns cutaneous wound heal-
ing in burn and surgical wound models. In albino Wistar
rats with burn wounds, areca nut extract (ANE) improved
wound contraction and epithelialization, with oral doses
of 100-300 mg/kg body weight resulting in greater heal-
ing than dexamethasone treatment did, and topical 2%
ANE also enhanced recovery [42, 43]. Additional stud-
ies in incision, excision, and dead-space wound models
reported that arecoline and ANE-associated alkaloid and
polyphenol-containing preparations increased the tensile
strength, dry weight, and hydroxyproline content of granu-
lation tissue in incision and excision wounds but had more
limited effects on dead-space wounds [44]. These findings
suggest that some areca-derived preparations may support
cutaneous repair through improved tissue contraction and

collagen-associated maturation. However, the differences
observed across burn, incision, excision, and dead-space
wound models indicate that the apparent efficacy is context-
dependent and may not reflect a uniform wound-healing
effect across all tissue-repair settings.

Topical formulations provide further but still preclinical
evidence. Ointments containing 2.5% and 5% ANE were
reported to inhibit the growth of several bacterial species,
including Pseudomonas aeruginosa, Streptococcus pyo-
genes, Acinetobacter baumannii, Escherichia coli, and
Staphylococcus aureus, with activity comparable to that of
neomycin sulfate in disk diffusion assays. In a grade IIA
burn model in Sprague-Dawley rats, the 5% formulation
was more effective for 14 days, reducing wound diameter
and inflammatory cell infiltration, promoting early scab
formation, and increasing neovascularization and collagen
deposition [45]. Taken together, these findings suggest that
topical areca-based preparations may combine antimicro-
bial and local tissue repair-related effects in experimental
burn settings. Nevertheless, formulation-based studies are
influenced by concentration, excipient composition, and
local delivery conditions, which makes direct comparison
with systemic extract studies difficult.

A separate group of studies examined gastric mucosal
injury rather than cutaneous wound healing. In ethanol-
induced gastric ulcer models, ANE reduced the levels
of markers of oxidative and inflammatory injury, such as
MDA, nitric oxide, myeloperoxidase, and xanthine oxi-
dase, while restoring the levels of glutathione, sialic acid,
and DNA [46]. In a related alcohol-induced gastric lesion
model in Sprague—Dawley rats, ANE improved ulcer indi-
ces and increased catalase, superoxide dismutase (SOD),
glutathione-S-transferase (GST), and glutathione (GSH)
levels [47]. These observations are consistent with a gas-
troprotective effect associated with reduced oxidative stress
and improved endogenous antioxidant defense. However,
gastric mucosal protection in alcohol-induced ulcer mod-
els should be interpreted separately from cutaneous wound
repair, as these systems represent different tissue environ-
ments, mechanisms of injury, and therapeutic endpoints.

Collectively, the available evidence suggests that Areca
catechu-derived preparations may exert tissue-protective
effects in preclinical models through several pathways,
including enhancing cutaneous wound contraction and col-
lagen-associated repair, providing antimicrobial support in
topical formulations, and attenuating oxidative injury in gas-
tric mucosal damage. However, these findings are derived
from heterogeneous systems that are not directly compa-
rable. Burn wound models, incision/excision wound assays,
topical antimicrobial formulations, and ethanol-induced
gastric lesion models address different aspects of tissue
injury and recovery and therefore support different levels of
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inference. Accordingly, the current literature supports only
preliminary wound-healing- and gastroprotective-related
activity in preclinical settings. This interpretation is further
limited by variability in dose units, formulation type, model
design, and incomplete identification of the specific active
constituents responsible for the observed effects, as well as
the need for broader safety evaluation before translational
application.

Anti-helminth effects

Areca catechu-derived preparations have been investi-
gated for anthelminth-related activity across a wide range
of preclinical and veterinary models, including fluke mor-
tality studies, ovicidal and larvicidal assays, surrogate
worm paralysis models, field stool-based observations,
and enzyme-target experiments. Collectively, these stud-
ies suggest that areca-derived extracts may affect helminths
through several possible pathways, including through tegu-
mental damage, paralysis, disruption of nutrient handling,
ovicidal effects, and interference with detoxification-related
enzymes. However, these systems represent different para-
site taxa, life stages, host contexts, and experimental end-
points and therefore should not be interpreted as directly
comparable evidence of a single anthelminthic mechanism.

One group of studies examined direct effects on adult hel-
minths, particularly liver flukes and worm paralysis models.
Areca nut extract (ANE) was reported to be highly effec-
tive against Fasciola hepatica and Fasciola gigantica, with
complete efficacy against F. gigantica in the reported model
and activity exceeding that of some commercial compara-
tors, such as albendazole and oxyclozanide. Motility scor-
ing and H&E staining revealed marked structural injury,
including tegument separation, shrinkage, vacuolation, dis-
ruption of villi, loss of tegumental spines, and damage to
reproductive and intestinal structures [48, 49]. In a separate
model, ethanolic extracts of areca root induced paralysis and
death in Pheretima posthuma more rapidly than albendazole
did [50]. These findings are consistent with direct parasiti-
cidal effects in adult helminth or surrogate worm systems,
potentially involving surface disruption and neuromuscular
impairment. Nevertheless, differences between trematode,
nematode, and surrogate annelid models limit direct com-
parisons of potency and mechanism across studies.

A second line of evidence concerns ovicidal and larvici-
dal effects. Aqueous ANE containing arecoline, tannins, and
proanthocyanidins showed strong ovicidal activity against
Ascaridia galli eggs and disrupted multiple developmental
stages, including morula, tadpole, vermiform, and larval
forms [51-54]. Morphological studies have also described
deformities in treated 4. galli eggs and associated struc-
tures [55]. A 50% acetone extract also showed larvicidal
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activity against dog roundworms, and GC-MS analysis
revealed fatty acids, aliphatic alcohols, and tannins, with
the strongest activity associated with medium-chain fatty
acids such as lauric acid and with selected aliphatic alcohols
[56]. These studies suggest that areca-derived preparations
may interfere with helminth development and survival at
early life stages, possibly through membrane-disruptive or
physicochemical effects. However, the attribution of activ-
ity to individual constituents remains tentative in most cases
because the tested preparations were chemically complex
mixtures.

Further evidence comes from host-level or applied vet-
erinary observations. In poultry and ruminants, the results
of stool-based studies suggested that compared with alben-
dazole, mature areca preparations could reduce or eliminate
a range of helminths or helminth eggs in chickens, goats,
and sheep, with broader apparent activity in some settings,
although Valbazen was more effective against pinworms. In
chickens, doses above 1 g/kg body weight were associated
with declining health, indicating tolerability [57]. Similarly,
treatment of 4. galli-infected chickens was associated with
improved hematological parameters and body weight recov-
ery, which is consistent with improved host conditions fol-
lowing deworming [54]. These findings suggest possible
practical antiparasitic relevance in livestock settings, but
they should be interpreted cautiously because field-type
observations integrate parasite burden, host response, dose
tolerance, and husbandry conditions rather than isolation of
a single direct anthelminthic effect.

A separate mechanistic line of evidence concerns bio-
chemical targets. Compared with pyrantel pamoate, which
acts primarily through neuromuscular paralysis, ethanolic
ANE was proposed to impair nutrient absorption in 4sca-
ris lumbricoides from pigs, with a 30% solution reportedly
eradicating worms within 6—12 h [58]. In Cotylophoron
cotylophorum, ANE at 0.5 mg/mL inhibited glutathione-
S-transferase (GST) activity, suggesting that ANE inter-
feres with the detoxification capacity of the parasite [59].
These findings indicate that areca-derived preparations may
affect helminths through mechanisms beyond gross surface
damage or paralysis, including disruption of metabolic or
detoxification-related pathways. However, such mechanis-
tic inferences remain preliminary and may not be generaliz-
able across helminth species or life stages.

Collectively, the available evidence suggests that Areca
catechu-derived preparations may exert anthelminth-related
activity through several preclinical and veterinary path-
ways, including direct tegmental injury, paralysis-associated
effects, ovicidal and larvicidal activity, interference with
nutrient-related or physicochemical processes, and inhibi-
tion of detoxification-associated enzymes. However, these
findings are derived from highly heterogeneous systems
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involving different parasite taxa, developmental stages, host
species, and assay formats and are therefore not directly
comparable. Adult fluke mortality studies, egg-stage ovi-
cidal assays, larvicidal experiments, surrogate worm paral-
ysis models, stool-based livestock observations, and GST
inhibition assays each support different levels of inference.
Accordingly, the current literature supports only prelimi-
nary anthelminth activity in heterogeneous experimental
settings. This interpretation is further limited by variations
in extract type, dose, tolerance, host context, and incomplete
validation of the specific active constituents responsible for
the observed effects.

Cardiometabolic and cardioprotective-related effects

Areca catechu-derived preparations have been investigated
for their preclinical cardiometabolic activity through two
main pathways: reducing intestinal cholesterol levels and
lipid absorption and attenuating the oxidative modification
of low-density lipoprotein (LDL). These findings suggest
that areca-derived extracts may influence biochemical pro-
cesses relevant to atherosclerotic risk. However, the avail-
able evidence is limited to preclinical enzymatic, dietary,
and oxidation models and therefore should not be inter-
preted as direct evidence of cardioprotective efficacy.

One line of evidence relates to intestinal lipid and cho-
lesterol handling. Ethanolic areca nut extract (ANE) was
fractionated into chloroform, ethyl acetate, n-butanol, and
aqueous fractions, among which the n-butanol fraction
showed the strongest in vitro inhibition of pancreatic cho-
lesterol esterase (pCEase), followed by the aqueous frac-
tion. In Sprague-Dawley rats fed a cholesterol-enriched
diet, 0.5% (w/w) ANE reduced intestinal pCEase activity
and decreased plasma cholesterol levels, whereas plasma
triglyceride levels were not significantly altered. The extract
also inhibited ACAT2 (acyl CoA—cholesterol acetyltrans-
ferase) but not ACAT1, and radiolabelled cholesterol was
retained predominantly in the intestine rather than appear-
ing in the circulation, suggesting reduced intestinal absorp-
tion [60]. These findings are consistent with a possible
hypocholesterolemic mechanism involving the modulation
of intestinal cholesterol esterification and absorption. How-
ever, they remain limited to dietary and enzyme-related pre-
clinical models and do not establish broader cardiovascular
benefits.

Additional studies support a similar intestinal mecha-
nism. Two formulations, Areca I (95% ethanolic extract) and
Areca II (n-butanol plus aqueous fractions), reduced plasma
cholesterol levels, plasma triglyceride levels, and pCEase
activity in Sprague—Dawley rats, with radiolabelled choles-
teryl oleate again accumulating more in the intestine than
in blood [61]. In a related study, 0.5% ANE also reduced

plasma triglyceride levels and pCEase activity, inhibited
ACAT, and increased intestinal retention of radiolabelled
triolein, suggesting reduced lipid absorption [62]. Taken
together, these studies indicate that areca-derived prepa-
rations may consistently affect intestinal lipid handling in
cholesterol-fed rat models, although the magnitude of the
effects is modest and varies according to fraction and for-
mulation. The data also suggest that activity is distributed
across multiple extract fractions rather than being attribut-
able to a single clearly validated constituent.

A separate line of evidence concerns antioxidant protec-
tion against LDL oxidation. Areca inflorescence extracts
prepared using boiling water, ambient water, and ethanol
were tested for their ability to delay Cu?**-induced LDL
oxidation. The boiling-water extract showed the strongest
activity, delayed LDL oxidation, and reduced malondial-
dehyde formation in the thiobarbituric acid reactive sub-
stances (TBARS) assay and exhibited ferric reducing and
metal-chelating properties. The reported phenolic com-
pounds included gallic acid, coumalic acid, epicatechin,
fumaric acid, naringenin, and rutin, with epicatechin identi-
fied as the most abundant [63]. These findings suggest that
some areca-derived preparations may reduce oxidative pro-
cesses relevant to LDL modification, which is mechanisti-
cally relevant to atherosclerotic biology. Nevertheless, LDL
oxidation assays represent a biochemical model of oxidative
susceptibility rather than direct evidence of in vivo cardio-
vascular protection.

Collectively, the available evidence suggests that Areca
catechu-derived preparations may exert cardiometabolic-
related activity in preclinical settings through two main
pathways: reducing intestinal cholesterol and lipid absorp-
tion and attenuating LDL oxidative modification. However,
these findings are derived from heterogeneous experimental
systems that are not directly comparable. Enzyme inhibi-
tion assays and cholesterol-fed rat studies primarily support
effects on intestinal lipid handling, whereas LDL oxidation
models address antioxidant and metal-chelating proper-
ties relevant to lipoprotein stability. Accordingly, the cur-
rent literature supports only preliminary cardiometabolic
or cardioprotective-related activity at the mechanistic level
rather than established cardioprotective efficacy. This inter-
pretation is further limited by modest effect sizes, variation
among fractions and formulations, incomplete identification
of the active constituents, and the absence of robust in vivo
cardiovascular outcome studies or clinical validation.

Anticancer-related effects
Areca catechu-derived preparations and arecoline have

been investigated for anticancer-related activity across
multiple preclinical systems, including tumor cell lines,
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fraction-based autophagy studies, metabolic reprogram-
ming models, and selected in vivo or genotoxicity-related
experiments. Collectively, these studies suggest that areca-
derived materials may exert antiproliferative effects through
several mechanisms, including oxidative stress-associated
cell cycle arrest, apoptosis-related signalling, autophagy
induction, and metabolic disruption. However, these find-
ings must be interpreted with caution because the same
plant and some of its constituents, especially arecoline, are
also associated with toxicological and carcinogenic con-
cerns under other exposure contexts. Therefore, short-term
cytotoxicity in tumor models should not be interpreted as
direct evidence of therapeutic suitability or safety.

One group of studies examined oxidative stress-asso-
ciated growth arrest and cytostasis. In oral KB epithelial
cancer cells, ANE and arecoline inhibited proliferation
after 24 h without clear apoptosis, an effect associated
with reduced intracellular glutathione, elevated reactive
oxygen species (ROS), mitochondrial membrane hyperpo-
larization, increased IL-6, and cell cycle arrest at G2/M;
S-phase arrest was also reported at earlier time points [64].
In prostate cancer cells, arecoline induced G2/M arrest
in PC-3 cells and GO/G1 arrest in LNCaP cells, with cell
type-specific changes in cyclins and cyclin-dependent
kinase regulators. ROS appeared to contribute to this
response, as N-acetylcysteine attenuated the arrest phe-
notype. However, arecoline also induced G2/M arrest in
normal RWPE-1 cells [65], indicating that the cytostatic
effects were not clearly tumor-selective. Taken together,
these findings are consistent with oxidative stress-associ-
ated antiproliferative activity, but they also raise impor-
tant selectivity concerns, since similar growth-inhibitory
effects may extend to nonmalignant cells.

A second line of evidence concerns apoptosis-related
pathways in susceptible tumor cell lines. In BCC-1/KMC
basal cell carcinoma cells, arecoline reduced IL-6 levels,
suppressed IL-6/STAT3 signalling, increased p53 and p21,
inhibited cdc25C activity, and triggered apoptosis, while no
comparable cytotoxicity or arrest was observed in HaCaT
keratinocytes in that study [66]. In oral squamous carci-
noma models, ANE induced G1 arrest in HSC-3 cells and
sub-G1 arrest and apoptosis in HSC-2 cells, accompanied
by reduced Ki-67 expression [67]. In cholangiocarcinoma
RMCCALI cells, ANE increased caspase-3, cleaved PARP,
p53, and CHK?2 levels, together with ERK1/2, p38, and Akt
signalling [68]. In HSC-2 and HSC-3 cells, ANE-associ-
ated apoptosis was also linked to caspase-3 activation and
phosphatidylserine externalization [69—71]. These findings
suggest that, in some tumor cell contexts, areca-derived
preparations may activate apoptosis-related signalling
rather than merely inducing growth arrest. Nevertheless,
the direction and magnitude of the response remain cell line
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dependent, and the extent to which these effects reflect ther-
apeutic selectivity rather than generalized cytotoxic stress
remains uncertain.

A third group of studies highlights autophagy-related
and fraction-dependent effects. In hepatocellular carcinoma
cells, ANE induced ROS-associated autophagy and apopto-
sis, with increased Beclin-1 expression, LC3-II conversion,
p62 degradation, BAX upregulation, and Bcl-2 downregu-
lation [72]. Additional ANE fractions in the 30-100 kDa
and > 100 kDa range induced autophagic features, including
cytoplasmic vacuolization, LC3-II accumulation, and acidic
vesicle formation, across several cell lines and peripheral
blood lymphocytes, and proteoglycans were proposed as
major active components of the 30-100 kDa fraction [73,
74]. In other tumor cell systems, ANE also inhibited mTOR
phosphorylation and promoted autophagy, whereas areco-
line was more often linked to apoptosis-associated changes
such as caspase-3 activation, chromatin condensation, and
micronucleation [75]. These observations suggest that dif-
ferent areca-derived fractions may trigger distinct stress
responses, with autophagy appearing more prominent in
some high-molecular-weight preparations and apoptosis
more evident with arecoline in certain settings. However,
because these responses depend strongly on the fraction
type, dose, and cell system, they do not support a single uni-
fied anticancer mechanism.

Additional evidence implicates metabolic reprogram-
ming and general cytotoxicity. Arecoline was reported to
inhibit ACAT1 tetramerization and alter PDH acetylation,
thereby suppressing glycolysis and promoting oxidative
phosphorylation, with associated antiproliferative effects
in vitro and in vivo [76]. Standard cytotoxicity assays also
revealed that aqueous ANE was toxic not only to MCF-7
cells but also to Vero cells [77], and in KB cells, arecoline
caused dose-dependent outcomes ranging from S/G2/M
arrest at lower concentrations to apoptosis and necrosis at
higher concentrations [78]. These findings support the view
that areca-derived materials can disrupt tumor cell survival
through multiple stress-related pathways. Moreover, the
observed toxicity toward non-tumor-derived cell systems
and the dose-dependent shift from cytostasis to overt cyto-
toxicity further underscore the need to distinguish tumor-
selective effects from broader cellular injury.

A separate and essential consideration concerns long-
term safety, genotoxicity, and exposure context. Although
ANE was reported to reduce urinary N-nitroso-L-proline
levels in a human nitrosation model, an effect attributed to
catechin, epicatechin, and proanthocyanidins [79] does not
negate the broader concern that arecoline and areca-related
exposures may generate harmful nitrosated intermedi-
ates under certain conditions. In long-term animal studies,
chronic betel quid exposure in hamsters did not result in
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malignant tumors in one model [80], whereas weak carci-
nogenicity was observed in Swiss albino mice exposed to
high-dose, unprocessed, sun-dried areca nut, while pro-
cessed variants were less harmful [81]. Arecoline in com-
bination with sodium nitrite under acidic conditions also
generated weakly genotoxic N-nitroso compounds and
suppressed DNA and protein synthesis in Hep2 cells [82].
Taken together, these data indicate that the biological sig-
nificance of areca-derived preparations depends strongly
on the processing, chemical environment, dose, and expo-
sure context. Accordingly, the anticancer-related cytotoxic-
ity observed in short-term experimental systems cannot be
interpreted independently of the broader carcinogenic and
genotoxic concerns associated with areca exposure.

Collectively, the available literature indicates that Areca
catechu-derived preparations and arecoline can exert anti-
proliferative effects in preclinical models through multiple
mechanisms, including oxidative stress-associated cell
cycle arrest, apoptosis-related signalling, autophagy induc-
tion, and metabolic disruption. However, these findings
arise from highly heterogeneous systems that differ in cell
type, fraction composition, dose and end point, and they
do not consistently demonstrate tumour selectivity. Impor-
tantly, the same body of literature also contains evidence
of toxicity toward nonmalignant cells, dose-dependent
genotoxic or necrotic effects, and context-dependent carci-
nogenic concerns related to areca exposure and nitrosation.
Therefore, the current evidence supports only preliminary
anticancer-related activity in experimental settings and does
not establish therapeutic safety or translational suitability.
Any future consideration of areca-derived anticancer appli-
cations would require rigorous activity-guided fraction-
ation, direct comparison with normal-cell controls, careful
dose-response evaluation, and dedicated long-term toxico-
logical assessment.

Neuropharmacological effects

Areca catechu-derived preparations and alkaloids have
been investigated for a broad range of neuropharmacolog-
ical-related effects, including antidepressant-like activity,
modulation of monoaminergic and cholinergic systems,
neuroinflammatory and oxidative pathways, anticonvul-
sant and GABAergic actions, myelination-related effects,
and cognitive outcomes, in preclinical models and lim-
ited human studies. However, these findings arise from
highly heterogeneous systems, including rodent behav-
ioral assays, inflammatory cell models, zebrafish seizure
paradigms, tissue-slice preparations, small human infu-
sion studies, and observational field data. Therefore, they
should not be interpreted as equivalent evidence of unified
neurotherapeutic efficacy.

One line of evidence concerns antidepressant-like and
monoamine-related effects. Fractionated ethanolic areca nut
extract, including hexane and aqueous fractions, reduced
immobility time in forced swim and tail suspension tests
in rodents without major locomotor stimulation at selected
doses, and brain homogenate assays revealed marked
monoamine oxidase (MAO) inhibition [83]. In additional
studies, ethanolic and aqueous extracts also reduced immo-
bility in the forced swim test, whereas aqueous preparations
increased hippocampal serotonin, 5-HIAA (5-hydroxy-
indoleacetic acid), and noradrenaline levels [84]. These
findings suggest that some areca-derived preparations may
exert antidepressant-like effects in rodent screening models,
potentially through monoaminergic mechanisms involv-
ing MAO-related activity and altered neurotransmitter bal-
ance. However, forced swim and tail suspension paradigms
primarily provide evidence for behavioural screening and
do not by themselves establish antidepressant efficacy in
humans. In addition, differences in formulation-dependent
tolerability, including localized tissue injury with ethanolic
preparations in some settings, indicate that biological activ-
ity must be interpreted alongside safety and route-of-admin-
istration considerations.

A second group of studies suggests anti-inflammatory,
anticonvulsant, and neuroprotective activity. In BV-2
microglia, ANE suppressed anthracene-induced reactive
oxygen species and inflammatory cytokine expression while
inhibiting JNK, p38, and NF-kB signalling and increas-
ing HO-1 (heme oxygenase-1) expression [85]. In adult
zebrafish exposed to pentylenetetrazole (PTZ), aqueous
ANE delayed seizure onset, inhibited acetylcholinesterase,
increased GABA levels and antioxidant defences, reduced
glutamate levels and lipid peroxidation, and attenuated
histopathological neuronal injury [86]. These findings are
consistent with possible neuroprotective effects mediated
through anti-inflammatory, antioxidant, and neurotransmit-
ter-related pathways. Nevertheless, microglial cell assays
and zebrafish seizure models provide mechanistic or screen-
ing-level evidence and cannot be directly extrapolated to
clinical anticonvulsant or neuroprotective efficacy.

Additional evidence concerns GABAergic transmission
and myelination-related effects. Arecoline increased myelin
basic protein expression in the frontal cortex of cuprizone-
treated mice and improved Y-maze performance [87]. In
spinal cord and cerebellar slice preparations from cats, are-
caidine and guvacine inhibited GABA and B-alanine uptake,
enhancing GABAergic transmission, and high-dose arecai-
dine attenuated bicuculline-induced seizures [88]. These
findings suggest that areca alkaloids may modulate inhibi-
tory neurotransmission and myelination-related processes
in selected experimental settings. However, the diversity of
models, species, and doses makes it difficult to infer a single
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coherent therapeutic mechanism, and the relevance of high-
dose anticonvulsant effects to safe pharmacological applica-
tion remains uncertain.

A separate set of studies explored cognition- and
Alzheimer’s-related outcomes. Small randomized or con-
trolled human studies reported dose-dependent cognitive
improvement with intravenous arecoline in some patients
with Alzheimer’s disease, particularly at lower doses,
although the compound showed rapid metabolism, a short
plasma half-life, and a narrow apparent therapeutic window
[89-91]. Additional work reported changes in local cere-
bral glucose utilization and neurovascular coupling in ani-
mal models [92], while aqueous ANE inhibited B-amyloid
aggregation and BACE!1 (beta-site amyloid precursor pro-
tein cleaving enzyme 1) activity and protected PC12 cells
from oxidative injury [93]. Further small human studies
have suggested that verbal memory, picture recognition,
or scopolamine-impaired learning are beneficial at selected
doses, whereas prolonged or high-dose infusions produce
mixed outcomes and psychomotor suppression [94-97].
Taken together, these observations suggest possible cho-
linergic and cognition-related activity, but the evidence
remains limited by small sample sizes, intravenous admin-
istration, short-term designs, formulation dependence, and
dose-related adverse effects. Accordingly, these findings
should be interpreted as preliminary translational signals
rather than evidence of an established therapeutic benefit in
Alzheimer’s disease or cognitive impairment.

Other studies indicate broader central and peripheral
pharmacology. A field study in Micronesia revealed milder
schizophrenia symptom scores among betel nut chew-
ers, although the observational design and potential con-
founding substantially limit interpretation [98]. Additional
extracts inhibited antimigraine-related inducible nitric
oxide synthase (iNOS), platelet aggregation, and acetylcho-
linesterase-related activity and enhanced gastrointestinal
motility [99-101]. Arecoline also induced cortisol escape
in a dexamethasone suppression model and promoted REM
sleep initiation in a scopolamine-sensitive manner, sug-
gesting cholinergic and hypothalamic—pituitary—adrenal
involvement [102, 103]. Compared with dry ANE, wet
ANE improved radial arm maze performance in rats, pos-
sibly reflecting compositional differences such as increased
arecoline content [104]. These findings indicate that areca-
derived preparations affect multiple neural and peripheral
systems, but they also underscore the breadth and non-
selectivity of their pharmacology. As a result, the current
evidence does not support a single unified neuropharmaco-
logical profile.

Collectively, the available literature suggests that
Areca catechu-derived preparations and alkaloids have
diverse neuropharmacological-related effects, including
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monoaminergic, anti-inflammatory, anticonvulsant, GAB-
Aergic, cholinergic, and cognition-related effects, in experi-
mental settings. However, these findings derive from highly
heterogeneous models that are not directly comparable and
support different levels of inference. Rodent behavioral
assays, inflammatory cell models, zebrafish seizure studies,
tissue-slice preparations, small human infusion studies, and
observational field reports each provide distinct but limited
evidence. Accordingly, the current literature supports only
preliminary neuropharmacological activity with restricted
translational relevance. This interpretation is further con-
strained by rapid arecoline metabolism, narrow dose ranges,
potential dose-dependent toxicity, broad peripheral pharma-
cology, and incomplete identification of the specific active
constituents responsible for the observed effects.

Antimicrobial and Antiparasitic effects

Areca catechu-derived preparations have been investigated
for a broad range of antimicrobial- and antiparasitic-related
activities, including antibacterial, antibiofilm, antifungal,
antiviral, antimalarial, food-preservation, and plant-pro-
tective effects. However, these findings arise from highly
heterogeneous systems, including disk diffusion and MIC
(minimum inhibitory concentration)/MBC (minimum
bactericidal concentration) assays, animal infection mod-
els, food challenge studies, plant—pathogen experiments,
isolated-compound analyses, and formulation-enhanced
preparations. Therefore, they should not be interpreted as
evidence of a single coherent antimicrobial profile.

One line of evidence concerns antibacterial and oral
health-related activity. Multiple aqueous, methanolic, etha-
nolic, acetone, alcohol, and ethyl acetate extracts inhib-
ited common bacterial pathogens, such as Staphylococcus
aureus, Escherichia coli, Bacillus cereus, and Salmonella
spp., and selected enteric organisms, although the potency
varied according to the solvent, geographic source, and test
organism, and in several studies, it remained lower than
that of standard antibiotics such as gentamicin or penicillin
[105-108]. Essential oils from areca nut reduced the vir-
ulence-related properties of Streptococcus mutans, includ-
ing surface hydrophobicity, glucosyltransferase activity,
biofilm formation, and extracellular polysaccharide produc-
tion, while specific isolated polyphenolic inhibitors reduced
insoluble glucan synthesis [109, 110]. Additional extracts
or compounds, including jacareubin, quercetin, cinnamic
acid, and ethyl acetate fractions from Sri Lankan betel
quid, showed activity against MRSA (methicillin-resistant
Staphylococcus aureus), oral biofilms, and Porphyromonas
gingivalis [111-113]. Taken together, these findings suggest
that areca-derived preparations may be particularly relevant
to topical or oral-care-related antimicrobial applications,
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especially where antibiofilm or antivirulence effects are
important. However, the evidence remains strongly frac-
tion- and assay dependent, and direct comparisons across
studies are limited by inconsistent methodologies and a lack
of standardized head-to-head testing.

A second group of studies suggests antifungal, food-
preservation, and plant-protective activities. Areca extracts
inhibited Candida albicans in several formulations, reduced
aflatoxin production by Aspergillus flavus, and in some
cases showed synergistic activity with chitosan [114—-117].
Methanolic, ethanolic, and aqueous extracts also reduced
microbial growth in food-preservation challenge studies,
including cake-storage models, suggesting possible preser-
vative-related effects in a food matrix [105]. In addition,
pericarp extracts inhibited Colletotrichum gloeosporioides
both in vitro and in mango fruit, with activity exceeding
that of benomyl in one anthracnose model [118]. These
findings indicate that some areca-derived preparations may
have practical relevance in fungal control, food preserva-
tion, and plant—pathogen suppression. Nevertheless, such
applications require separate considerations of safety, for-
mulation stability, sensory impact, and real-world matrix
effects, which were not consistently addressed in the avail-
able studies.

Another line of evidence concerns antiparasitic and host-
modulating effects. A 96% ethanolic extract improved white
blood cell counts in Staphylococcus aureus-infected rats
without major changes in hematological toxicity indicators
[119]. Butanol extracts and crude areca preparations also
showed antimalarial activity against Plasmodium berghei
in mice, with moderate suppression and survival benefits
[120]. These observations suggest that some areca-derived
preparations may combine host-modulating and antipara-
sitic effects. However, the reported selectivity indices were
modest, and the evidence remains preliminary, supporting
only exploratory antiparasitic relevance rather than estab-
lished therapeutic applicability.

Further studies reported pathogen-specific activity
against mycobacteria, viruses, and other organisms. Pheno-
lic-rich methanolic and ethanolic fractions showed selective
activity against Mycobacterium tuberculosis H37Rv [121],
whereas aqueous and methanolic extracts inhibited HIV-1
(human immunodeficiency virus) protease activity, and
other preparations showed in vitro activity against Newcas-
tle disease virus and egg drop syndrome virus [122, 123].
Antimicrobial peptides isolated from areca also inhibited
Staphylococcus epidermidis, E. coli, and Proteus mirabilis
[124]. These findings indicate that areca-derived materials
contain multiple classes of potentially active compounds,
including phenolics, peptides, procyanidins, triterpenes,
phytosterols, fatty acids, and volatile components. How-
ever, most of this evidence remains in vitro and is highly

dependent on extraction, purification, and organism-specific
assay conditions.

Finally, formulation and processing approaches appear
to influence potency. Compared with crude extracts, sil-
ver nanoparticles synthesized from aqueous ANE showed
greater antimicrobial activity [125], and volatile-profiling
methods coupled with targeted extraction identified numer-
ous compounds with activity against Streptococcus canis
[126]. These findings suggest that selective extraction and
formulation strategies may concentrate active constituents
and enhance the observed antimicrobial effects. Moreover,
they further emphasize that the activity is highly prepa-
ration-dependent and cannot be generalized to all areca-
derived materials.

Collectively, the available evidence suggests that Areca
catechu-derived preparations possess broad antimicrobial-
and antiparasitic-related activity in experimental systems,
including antibacterial, antibiofilm, antifungal, antiviral,
antimalarial, and plant-protective effects. However, these
findings derive from highly heterogeneous models that are
not directly comparable. Disk-diffusion assays, MIC/MBC
studies, food challenge systems, animal infection models,
plant—pathogen experiments, isolated-compound analyses,
and nanoparticle formulations each support different levels
of inference. Accordingly, the current literature supports
only preliminary and context-dependent antimicrobial-
related activity. This interpretation is further limited by vari-
ations in extract type, geographic source, processing, assay
standardization, organism susceptibility, and incomplete
validation of the specific active constituents responsible
for the observed effects. Practical application, particularly
in oral care, food preservation, or targeted antimicrobial
formulation development, would require standardized
extraction, activity-guided fractionation, dose—response
evaluation, comparison with conventional agents, and care-
ful safety assessment.

Antioxidant properties

Areca catechu-derived preparations have been widely
investigated for their antioxidant-related activity through
chemical assays, cell-based systems, extraction compari-
sons, specialized fractions, and selected DNA protection
models. Collectively, these studies suggest that antioxidant
activity is influenced by solvent polarity, plant part, ripe-
ness, regional origin, extraction method, and multicompo-
nent formulation context. However, the findings arise from
heterogeneous assay systems that capture different aspects
of antioxidant behavior, such as radical scavenging, reduc-
ing power, metal chelation, or cellular stress—response sig-
nalling, and therefore should not be interpreted as directly
comparable measures of a single antioxidant effect.
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One major line of evidence concerns solvent- and extrac-
tion-dependent variation. In multiple studies, methanolic,
ethanolic, and aqueous extracts frequently showed strong
antioxidant activity and high phenolic content, particularly
in seed-derived preparations enriched in compounds such
as epicatechin and syringic acid [127-134]. In some reports,
methanolic extracts of mature or unripe seeds outperformed
conventional comparators such as BHT (butylated hydroxy-
toluene), vitamin C, or ascorbic acid in selected assays,
whereas butanol fractions showed relatively low activity
[131-134]. Other studies, however, reported stronger activ-
ity in ethyl acetate, n-hexane, or chloroform extracts than in
methanolic preparations [135]. Taken together, these find-
ings suggest that polar solvents often yield phenolic-rich
extracts with strong radical-scavenging or reducing activ-
ity, but the reported superiority of any one solvent is not
uniform across studies. Differences in plant part, maturity,
extract composition, and assay type likely account for much
of the apparent inconsistency.

A second group of studies indicates that antioxidant read-
outs also vary according to regional source, ripeness, and
multicomponent formulation. Compared with some individ-
ual components, betel quid, which includes areca nut as one
component, showed greater antioxidant activity in selected
assays, suggesting possible combinatorial effects [136].
Regional comparisons revealed particularly strong activ-
ity in West Papua samples in one Indonesian study [137],
while Sri Lankan ripe samples often outperformed unripe
samples in several antioxidant assays and were associated
with catechin, epicatechin, and arecoline contents [138].
Tri-Yannarose, a multicomponent medicinal formula con-
taining areca, also showed strong antioxidant activity with
low cytotoxicity in Vero cells [139]. These findings suggest
that antioxidant activity is shaped not only by extract sol-
vent but also by geographic origin, developmental stage,
and formulation context. However, such multicomponent
systems complicate the attribution of activity to areca nuts
alone.

Cell-based studies provide additional but distinct evi-
dence. Ethanolic ANE and selected flavonoid-rich frac-
tions showed direct radical-scavenging activity and were
cytotoxic to selected carcinoma cell lines, such as Ehrlich
ascites carcinoma, HSC-2, HSC-3, SGC-7901, and SMMC-
7721, while some normal cells, such as HaCaT cells, were
less affected [140—142]. In LPS-stimulated RAW264.7 mac-
rophages, 50% ethanolic ANE upregulated Nrf2 and HO-1
while downregulating MAPK-related genes, suggesting the
activation of endogenous antioxidant defense pathways in
addition to direct scavenging effects [143]. These findings
indicate that areca-derived preparations may act not only
through chemical antioxidant activity but also through the
modulation of cellular oxidative stress responses. Moreover,
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the coexistence of antioxidant signalling and selective
cytotoxicity means that such effects should be interpreted
carefully, particularly because dose, fraction type, and cell
context strongly influence the balance between protective
and growth-inhibitory outcomes.

A further line of evidence concerns extraction innova-
tions and specialized fractions. Deep eutectic solvents,
ultrasound-assisted extraction, and pH-controlled acetone
extraction were reported to improve extraction efficiency
and alter phytochemical composition, often enhancing anti-
oxidant readouts in comparison with conventional solvent
systems [144—146]. These methods appeared to shift extract
profiles toward different proportions of alkaloids, phenolics,
and flavonoids, thereby influencing assay performance. In
addition, in chemical assays, the activity of PAP1b, a neutral
polysaccharide fraction, is not confined to only low-molecu-
lar-weight phenolic fractions [147]. These findings suggest
that extraction technology and fraction type substantially
influence measured antioxidant behavior. However, they
also further complicate cross-study comparisons unless
extract composition is reported in a standardized way.

Distinct evidence also suggests that these compounds
have a genetic potential. In comet assays, methanolic and
methylene chloride husk extracts protected against H2O--
induced DNA damage [148]. These findings indicate that
some chemically distinct areca-derived fractions may pro-
vide antioxidant-linked protection at the level of oxidative
DNA injury, complementing the radical-scavenging and
cellular signalling data described above. Nevertheless, such
genetic observations remain limited and should be inter-
preted as preliminary evidence from specific experimental
systems rather than broad evidence of in vivo antioxidant
protection.

Collectively, the available literature suggests that Areca
catechu-derived preparations possess antioxidant-related
activity across multiple experimental contexts, includ-
ing radical scavenging, reducing power, metal chelation,
cellular oxidative stress signalling, and protection against
oxidative DNA injury. However, these findings are derived
from highly heterogeneous systems that are not directly
comparable. Chemical assays, such as DPPH (2,2-diphenyl-
1-picrylhydrazy), ABTS (2,2'-azinobis (3-ethylbenzothia-
zoline-6-sulfonic acid)), FRAP (ferric reducing antioxidant
power), and TEAC (Trolox equivalent antioxidant capacity),
and related methods measure different antioxidant proper-
ties, whereas cell-based studies and DNA protection assays
address distinct biological levels of response. Accordingly,
the current literature supports only preliminary antioxidant-
related activity, which is strongly dependent on the extract
type, solvent, plant part, maturity, formulation, and assay
choice. This interpretation is further limited by inconsistent
extract characterization, varying comparator standards, and
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incomplete definitions of the specific active constituents
responsible for the observed effects. Future work would
benefit from activity-guided fractionation, standardized
extract reporting, and paired evaluation of protective versus
cytotoxic responses across defined dose ranges.

Other reported medicinal effects

A range of additional biological activities, including repro-
ductive and metabolic effects, proteasome-related activity,
ocular and hemostatic effects, fatigue- and mitochondrial-
related effects, antiallergic activity, antivenom-related
observations, and protection against hypoxic injury, have
been reported for Areca catechu-derived preparations in pre-
clinical models and traditional-use contexts. However, these
findings arise from highly heterogeneous systems, including
behavioural assays, cell-based studies, topical formulations,
traditional practices, venom models, and systemic animal
physiology. Therefore, they should be interpreted as con-
text-specific preliminary signals rather than as evidence of a
unified therapeutic profile.

One group of studies suggests reproductive, metabolic,
and proteostasis-related effects. In male Wistar albino rats,
areca nut increased mounting and intromission frequencies
and reduced mounting latency and postejaculatory interval,
suggesting aphrodisiac-like activity in this behavioural model
[149]. Other studies reported appetite suppression, modula-
tion of energy balance, and inhibition of 3T3-L1 preadipo-
cyte differentiation by areca nut or arecoline, indicating the
possible relevance of these processes to weight-regulatory
pathways [150, 151]. Arecoline tripeptides were also reported
to inhibit proteasome activity through interactions with cata-
lytic threonine residues [152]. These findings suggest that
areca-derived materials may influence reproductive behavior,
adipocyte-related metabolism, and proteasome-associated
pathways in experimental settings. However, these endpoints
represent very different biological domains and do not sup-
port a single integrated pharmacological conclusion.

Additional studies have reported ocular, hemostatic, and
smooth-muscle-related effects. An ethanol ANE formulated
into ocular films with chitosan and hydroxypropyl methyl-
cellulose reduced intraocular pressure in rabbits with dexa-
methasone-induced glaucoma [153]. In contrast, ANE also
induced platelet aggregation and thromboxane B2 produc-
tion in rabbits [154], suggesting a proaggregatory hemo-
static effect that may be beneficial or adverse depending
on the clinical context. Previous work has also described
a cholinomimetic reduction in atrial contractility caused by
the arecoline and spasmolytic effects of catechin and tannic
acid on smooth muscle [155]. Taken together, these findings
indicate that areca-derived preparations may affect ocular,
vascular, cardiac, and gastrointestinal physiology, but their

direction of benefit or risk depends strongly on the formula-
tion, dose, and intended use.

Another line of evidence concerns fatigue-related, mito-
chondrial, and topical antifungal effects. In sleep-deprived
C57BL/6J mice, methanolic ANE improved fatigue resis-
tance and increased ATP production in the colon, as dis-
cussed in relation to gut—liver axis function, mitochondrial
health, and microbiota balance [156]. Areca-based soaps,
with or without Quercus infectoria, also showed antifun-
gal activity against Candida albicans [157]. These find-
ings suggest that some areca-derived preparations may
have supportive effects on fatigue-related metabolic stress
or topical antifungal formulations. However, these models
address very different biological questions, and the evidence
remains formulation specific and preliminary.

A separate group of studies suggests antiallergic and
immunomodulatory effects. Ethanolic ANE reduced ana-
phylactic responses and inhibited the expression of inflam-
matory mediators such as TNF-a, MAPK, and ERK1/2 in
RBL-2H3 mast cells and ICR mice while also downregulat-
ing FceRI expression and reducing IgE-mediated mast-cell
degranulation [158]. These findings are consistent with the
possible modulation of IgE-dependent allergic pathways.
Nevertheless, the current evidence remains preclinical and
does not establish clinical efficacy for allergic disease.

Traditional-use reports and controlled venom studies
provide another distinct evidence stream. Processed unripe
areca nut (“chikni supari”) has been used traditionally as a
topical antivenom material, with color changes after appli-
cation interpreted as toxin-related interactions [159]. In
controlled venom studies, ANE reduced necrotic activity
in Naja kaouthia venom models and markedly inhibited
acetylcholinesterase activity, with tannin-rich fractions
being suggested as possible contributors [160]. These find-
ings suggest that condensed tannin-rich areca preparations
may interact with venom-related injury processes. How-
ever, traditional reports are not equivalent to controlled
pharmacological validation, and the exact mechanism,
specificity, and safety of venom neutralization remain
insufficiently defined.

Further evidence suggests protective effects in hypoxia
and high-altitude injury models. In rats exposed to hypoxic
or hypobaric conditions, ethanolic ANE improved blood
gas parameters, reduced lung water and inflammatory
infiltration, preserved tissue architecture, and increased
antioxidant enzyme activity while reducing the levels of
malondialdehyde and inflammatory markers [161, 162].
These findings are consistent with antioxidant- and anti-
inflammatory-related protection against hypoxic injury in
preclinical models. However, these studies involved rela-
tively high doses and short-term animal exposure systems;
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thus, their relevance to safe therapeutic applications in
humans remains uncertain.

Collectively, the available literature suggests that
Areca catechu-derived preparations may exert a wide
range of additional biological effects in experimental set-
tings, including behavioral, metabolic, ocular, hemostatic,
immunomodulatory, topical, antivenom-related, and
hypoxia-protective effects. However, these findings derive
from highly heterogeneous systems that are not directly
comparable and support different levels of inference.
Behavioural assays, cell-based mechanistic studies, topical
formulations, traditional-use observations, venom models,
and systemic physiology studies each address distinct bio-
logical questions. Accordingly, the current literature sup-
ports only preliminary and context-dependent evidence for
these additional reported activities. This interpretation is
further limited by variations in extract composition, route
of administration, dose, and endpoint selection, as well as
the need for more explicit safety evaluation, particularly
for systemic applications and alkaloid-rich preparations.

Safety, toxicological considerations, and future directions

From the studies collected, major gaps can be identified,
which limits the translation of the beneficial effects dis-
cussed in this review. A standardized extract characteriza-
tion, activity-guided fractionation and direct comparison
of isolated compounds vs. crude extracts is required to
establish mechanistic claims. Dose-response and long-term
therapeutic window studies, normal-cell and toxicity pan-
els, would aid in carefully designed clinical studies, where
justified, as most studies were preclinical therapeutic claims
that were not plausible. Additionally, the pharmacokinetics
and metabolism of areca nut and its constituents need to be
investigated closely.

Although the results of the present review summarize
the reported beneficial biological effects of areca nut, these
findings should not be interpreted as a recommendation for
therapeutic use or as evidence of overall safety. A growing
body of literature indicates that areca nut and its constitu-
ents may also exert harmful, genotoxic, and carcinogenic
effects under certain exposure conditions. For example,
ANE has been reported to induce HIF-lo expression in
oral cancer cells, leading to autophagy that may protect
cells from ANE-induced apoptosis [163]. Activation of the
MEKI1/ERK/c-Fos pathway has likewise been implicated
in promoting survival and altering cell cycle progression
in oropharyngeal cancer cells [164]. These findings suggest
that the biological effects of areca-derived preparations are
not uniformly beneficial and may, in some contexts, support
rather than suppress cell survival.
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Additional toxicological evidence further limits ther-
apeutic interpretation. ANE has been associated with
genotoxicity in Swiss albino mice, with effects linked to
glutathione depletion, reactive oxygen species generation,
and increased damage following longer exposure [165]. In
vitro, ANE has also been shown to induce 8-hydroxydeox-
yguanosine formation, indicating oxidative DNA damage
[166]. In animal studies, areca nut administration pro-
duced oral and gastric lesions in hamsters [167], whereas
observational data from Guam and Saipan reported a
higher frequency of potentially malignant oral disorders
among areca nut chewers [168]. Arecoline administra-
tion in Wistar rats for 14 consecutive days also resulted in
dose-dependent toxicity, with adverse effects observed at
high doses (1000 mg/kg) but not at lower doses (100 mg/
kg) under the reported study conditions [169]. In addi-
tion, meta-analytic evidence has linked areca nut chew-
ing with metabolic disorders and chronic kidney disease,
further underscoring the broader systemic safety concerns
associated with exposure [170, 171]. At the neuropharma-
cological level, arecoline has also been shown to excite
ventral tegmental area dopaminergic neurons, a finding
discussed in relation to dependent and cessation-related
research [172].

On the basis of the available literature, these findings
indicate that the beneficial biological activities discussed
in this review must be interpreted within a broader toxico-
logical context. The current literature does not justify thera-
peutic recommendation, and the coexistence of reported
bioactivity with genotoxic, carcinogenic, metabolic, and
dose-dependent toxic effects highlights the need for caution,
particularly for systemic use and alkaloid-rich preparations.

Several major gaps in the literature also limit the transla-
tion of the reported beneficial effects. Many studies rely on
crude extracts with incomplete phytochemical characteriza-
tion, making it difficult to assign activity to specific con-
stituents or to distinguish the effects of isolated compounds
from those of complex mixtures. Standardized extract
characterization, activity-guided fractionation, and direct
comparison of isolated compounds versus crude extracts
are therefore needed to support these mechanistic claims.
In addition, dose—response studies, therapeutic window
assessments, long-term toxicity evaluations, and normal-
cell safety panels are needed before any meaningful clinical
interpretation can be made. Pharmacokinetic and metabolic
studies are also limited and should be prioritized, particu-
larly for arecoline and other major alkaloids. Overall, future
research should focus on standardized preparation methods,
mechanistic validation, defined safety profiling, and care-
fully designed clinical studies only where the preclinical
evidence is sufficiently robust to justify further translation.
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Conclusion

A comprehensive search was conducted across four major
databases, the Cochrane Library, EMBASE, PubMed, and
Web of Science, along with references from additional stud-
ies and reviews to explore the medicinal properties and
mechanisms of action of areca nuts (4reca catechu L.). Fol-
lowing a systematic screening based on predefined inclu-
sion criteria, 137 studies were selected for analysis. Among
these, research on antioxidant, antimicrobial, and neuro-
pharmacological properties each accounted for the highest
percentage of publications, at 16%. A notable increase in
publications on the medicinal applications of Areca catechu
was observed between 2010 and 2019. This review system-
atically discusses the known mechanisms and therapeutic
potential of Areca catechu in terms of its anticancer-related
effects; antimicrobial and antiparasitic, anthelminthic, anti-
oxidant, antihypertensive, antidiabetic, cardiometabolic and
cardioprotective-related effects; and antiaging, wound heal-
ing and gastroprotective, neuropharmacological, analgesic,
and anti-inflammatory effects, along with other health-
related benefits. In addition, the review highlights various
safety and toxicological considerations regarding areca nut
consumption and future directions for the current literature
on areca nut.
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