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Background: Betel nuts have long been used in traditional Chinese medicine. In our study, 
the bioactive components of betel nut were systematically investigated, and the main 
components and their target genes in the treatment of depression were predicted.
Methods: The metabolites of the kernels and peels were analyzed with a UPLC–MS/MS 
system. Mass spectrometry outcomes were annotated by MULTIAQUANT. “Compound- 
disease targets” were utilized to construct a pharmacology network.
Results: A total of 873 metabolites were identified, with a high abundance of flavonoids, 
alkaloids, and phenols. Moreover, the abundance of flavonoids, alkaloids, and phenols in the 
kernel was significantly higher than that in the peel. A high abundance of catechin, arginine, 
and phenylalanine was detected in the kernel, while a high abundance of arginine, arecoline, 
and aminobutyric acid was detected in the peel. Catechins and cyanoside were the most 
abundant flavonoids in the kernel and peel, respectively. Arecoline was the most abundant 
alkaloid. A total of 111 metabolites showed a significant difference between the kernels and 
peels. The relative abundance of 40 differential metabolites was higher than 100,000, 
including 14 primary metabolites, 12 flavonoids, 4 phenols, and 4 alkaloids. Among the 40 
high abundance metabolites, 20 were higher in the kernel and 20 in the peel. In addition, the 
enrichment of metabolic pathways found that the kernel and peel of the fruit adopted 
different metabolic pathways for the synthesis of flavonoids and alkaloids. Network pharma-
cology prediction showed that 93 metabolites could target 141 depression-related genes. The 
main components of betel nut intervention in depression were predicted to include 
L-phenylalanine, protocatechuic acid, okanin, nicotinic acid, L-tyrosine, benzocaine, syringic 
acid, benzocaine, phloretic acid, cynaroside, and 3,4-dihydroxybenzaldehyde.
Conclusion: Betel nuts are rich in natural metabolites, and some of these metabolites can 
participate in the intervention of depression. In addition, the metabolites showed distinct 
characteristics between the kernel and peel. Therefore, it is necessary to comprehensively 
and rationally use betel nuts.
Keywords: betel nut, metabolites, flavonoid, alkaloids, phenols

Introduction
Betel nut (Betel catechu L.) is primarily produced in India, Malaysia, Taiwan, and 
Hainan of China.1 Betel nuts are widely used in traditional Chinese medicine 
(TCM). The Chinese Pharmacopoeia includes 51 ancient Chinese medicine pre-
scriptions utilizing betel nut as a raw material.2 In TCM, betel nuts are utilized for 
deworming, bloating, abdominal pain, indigestion, malaria, and tenesmus.3 Modern 
medical research has shown that compounds in betel nuts can also intervene in 
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diseases of the digestive system, nervous system, and 
cardiovascular system.3 Betel nuts have antiallergic 
effects, regulate blood sugar, and lower blood lipids.3

Researchers have reported that betel nuts are rich in natural 
active substances.3–5 Fifty-nine compounds have been isolated 
and identified from betel nut.3 The natural components of betel 
nut mainly include alkaloids, fatty acids, tannins, and amino 
acids.3 Arecoline is the main alkaloid,4 while the tannins 
mainly exist in the form of condensed tannins.5 Betel nut 
seeds contain approximately 14% fat with a higher content 
of linoleic acid.6 However, the low-abundance components in 
betel nuts may not have all been identified.

Several studies have shown that betel nut has antide-
pressant potential.7–9 Betel nut extract can inhibit mono-
amine oxidase A and promote an increase in serotonin and 
norepinephrine.7,8 In addition, betel nut extract can effec-
tively increase the content of norepinephrine (NE) and 
dopamine serotonin (5-HT) in mouse brain tissue.7,10 The 
crude extract of betel nut obtained from 70% methanol 
aqueous solution can effectively inhibit the activity of 
acetylcholinesterase.11 Betel nut extract increased the 
levels of the neurodevelopment-related proteins MBP, 
CNPase, and GSTpi.12 The antidepressant components of 
betel nut deserve further analysis.

Liquid chromatography-tandem mass spectrometry 
(LC–MS/MS) provides a vital tool to analyze TCM meta-
bolites systematically. Systematic evaluation of the betel 
nut composition has not been carried out; thus, the med-
icinal value of betel nut may be underestimated. In the 
present study, the peel and kernel of betel nut were col-
lected, and untargeted metabolomics analysis was carried 
out by LC–MS/MS. Furthermore, network pharmacology 
analysis would help us comprehensively understand the 
medicinal value of betel nut, especially its antidepressant 
potential.

Materials and Methods
Plant Materials
\In June 2020, fresh betel nut samples were harvested 
from 6-year-old betel nut trees in the betel nut planting 
area of Yongxing Town, Haikou, China, and identified 
by Professor Jin Dejun. The collected betel nuts were in 
the mature stage and green, and the fruit weight varied 
from 25.4 g to 27.1 g. The voucher specimen was 
deposited at the School of Pharmacy, Hainan Medical 
University.

Metabolite Extraction
After the fresh betel nut samples were freeze-dried, they 
were ground into a powder with a grinder. Then, 100 mg 
of powder was dissolved in 1 mL of 70% methanol-water 
solution and refrigerated overnight at 4 °C. The extract 
was centrifuged (4 °C, 10,000 g, and 10 min) to obtain the 
supernatant. The supernatant was filtered through 
a microporous membrane filter (0.22 μm pore size). The 
sample was stored until subsequent analysis.

Untargeted Metabolomic Analysis
An ultrahigh-performance liquid chromatography (UPLC, 
Shim-pack UFLC SHIMADZU CBM30A)-tandem mass 
spectrometry (MS/MS, Applied Biosystems 4500, 
QTRAP) system was used for sample analysis. First, 
a UPLC system, a Waters ACQUITY UPLC HSS T3 
C18 column (2.1 mm× 100 mm, 1.8 μm particle size) 
was used to separate the components (Waters, Herts, 
UK). The column temperature was 40 °C, and the flow 
rate was 0.4 mL/min. The mobile phase consisted of 
solvent A (water containing 0.04% acetic acid) and solvent 
B (acetonitrile containing 0.04% acetic acid). The gradient 
elution conditions were as follows: 0 min, 95:5 V/V (A/b); 
0 min, 5:95 V/V; 0 min, 5:95 V/V; 1 min, 95:5 V/V; and 
15.0 minutes, 95:5 V/v.

High-resolution MS/MS was used to detect the compo-
nents separated by UPLC. The temperature of the electro-
spray ionization was 550 degrees. The MS voltage was 
5500 v. The curtain gas was 25 psi. The collision activa-
tion dissociation was set to high. After the component 
analysis, the mass spectrum peaks needed to be corrected. 
The multiple reaction monitoring (MRM) mode of the 
triple quadrupole mass spectrometry was used for quanti-
fication of the metabolites.13 Mixed samples were used for 
the quality control and repeatability of the testing 
instruments.

Bioinformatics of the Untargeted 
Metabolism (for TCM) Dataset
The original UPLC–MS/MS data needed to be analyzed 
and identified by various software programs and databases. 
Analyst 1.6.3 software was used to generate the molecular 
characteristic matrices, such as the retention time and mass 
charge ratio (M/Z). The following databases were used for 
the structural analysis of the metabolites: MASSBANK 
(http://www.massbank.jp/), KNAPSAcK (http://kanaya. 
naist.jp/KNApSAcK/), HMDB (http://www.hmdb.ca/),14 
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MoTo DB (http://www.ab.wur.nl/moto/) and METLIN 
(http://metlin.scripps.edu/index.php).15

After obtaining the mass spectrum data of the sample 
metabolites, the peaks of the same metabolites in different 
samples were calculated and corrected.13

MULTIAQUANT software was used to open the mass 
spectrum file of each sample and integrate the peaks. The 
peak area of the chromatographic peak represented the 
relative content of the corresponding substance.

Target Identification and Network 
Construction
The compound targets were searched for in the SWISSADME 
(http://www.swissadme.ch/)16 and TargetNet (http://targetnet. 
scbdd.com/calcnet/index/) databases,17 which use various 
algorithms to predict the potential target compounds. Briefly, 
the SwissTargetPrediction plug-in in the SWISSADME web-
site was used for the target gene analysis. We selected a species 
and then pasted a SMILES, which could be found in the 
PubChem database (https://pubchem.ncbi.nlm.nih.gov/), into 
the box. The TargetNet website performed a similar operation. 
After entering SMILES into the dialog box, the default option 
was adopted (AUC≥0.7, fingerprint type: ECFP4). More than 
95% of the probability targets were included among the dis-
ease-associated targets.

To compile the disease targets for depression, the 
GeneCards database was searched.18 The intersection between 
the drug and disease targets was used to screen the key targets. 
Cytoscape software was used to build the network.19

Systematic Correlativity Analysis and 
Statistical Analysis
Pearson’s correlation, one-way analysis of variance (ANOVA), 
and hierarchical (average linkage) clustering were performed 
for the untargeted metabolic analyses. P values of the ANOVA 
were adjusted for the false discovery rate.

Results
Betel nuts can be divided into kernels and peels (Figure 1A). 
A total of 873 metabolites were identified by UPLC–MS/ 
MS analysis (Figure S1 and Table S1), including 174 pri-
mary metabolites and 699 secondary metabolites. Multiple 
primary metabolites were determined, including 50 amino 
acids and their derivatives, 37 lipid compounds, 41 nucleo-
tides and their derivatives, and 13 carbohydrates. 
Meanwhile, 699 secondary metabolites could be classified 
into flavonoids (143), terpenes (104), alkaloids (102), 

phenols (79), lignans, coumarins (41), phenylpropanoids 
(33), quinones (26), and others (81) (Figure 1B).

The total abundance of metabolites of the kernel was 
643,629,320, while that of the peel was 198,919,279. 
Primary metabolites accounted for 40.5% in the kernel and 
54.4% in the peel (Figure 1C). The top 3 most abundant 
secondary metabolites were flavonoids, alkaloids, and phe-
nols in the kernel. Alkaloids, flavonoids, and phenols were 
the top 3 metabolites in the peel. Flavonoids accounted for 
30.1% and 6% in the kernel and peel, respectively. Phenolics 
accounted for approximately 5.5% of both kernels and peels. 
Alkaloids accounted for 9.7% and 16.8% of the kernel and 
peel, respectively. Moreover, the abundance of flavonoids, 
alkaloids, and phenols in the kernel was 15.5-fold, 3.2-fold, 
and 1.8-fold that in the peel, respectively.

The top 10 most abundant metabolites of the kernel were 
cianidanol, L-arginine, L-phenylalanine, benzocaine, areco-
line, epicatechin, sucrose, turanose, lactulose, and 3,4-dihy-
droxybenzaldehyde (Table 1). Meanwhile, the top 10 most 
abundant metabolites of the peel were L-arginine, arecoline, 
D-alpha-aminobutyric acid, sucrose, D-maltose, turanose, 
lactulose, L-citrulline, trigonelline, and p-octopamine.

As shown in Figure 2A, a total of 111 differential meta-
bolites were found (fold change >2, P<0.05) (Figure 2A). 
Among them, 40 metabolites (abundance over 100,000 in the 
kernel and/or peel) had a high abundance, including 14 
primary metabolites and 26 secondary metabolites 
(Figure 2B). Cluster analysis showed that 20 metabolites 
had a higher accumulation in the kernel, while the other 20 
metabolites accumulated more in the peel. Among the 14 
primary metabolites, 8 were abundant in the peel. Seven 
flavonoids each had high abundances in the kernel and peel. 
Two of the 4 phenols had a higher abundance in the kernel.

Various amino acids with a high abundance were iso-
lated by LC–MS/MS; thus, the amino acids and their 
derivatives were analyzed. Twenty-three amino acids and 
their derivatives with a high abundance were found 
(Figure 3A). Proline, L-citrulline, L-lysine, L-glutamic 
acid, and L-pipecolic acid were highly accumulated in 
both the kernels and peels. The abundance of tyrosine, 
phenylalanine, arginine, serine, and histidine in the kernel 
was significantly higher than that in the peel. Meanwhile, 
4-aminobutyric acid in the kernel was significantly lower 
than that in the peel. Furthermore, the analysis of the 
amino acid synthesis pathways showed that the synthesis 
of multiple amino acids was more active in the kernel than 
in the peel (Figure 3B).
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The abundance of 26 flavonoids was found to be higher 
than 100,000 in the kernel and/or peel (Figure 4A). The 
abundances of rutin, cianidanol, procyanidin b1, narcissoside, 
okanin, procyanidin b2, L-epicatechin epicatechin, vestitol, 
and kaempferol-3-o-rutinoside in the kernel were more than 
10-fold higher than those in the peel. In contrast, tectorigenin, 

homoorientin, cynaroside, peonidin-3-glucoside, saponarin, 
vitexin-2-glucoside, meloside a, and pelargonidin-3,5-o-diglu-
coside chloride in the peel were more than 10-fold higher than 
those in the kernel. In addition, the enrichment of the meta-
bolic pathways showed that the synthesis of the flavonoids 
was more active in the kernel than in the peel (Figure 4B).

Figure 1 Untargeted metabolite profiling identified the metabolites in the betel nut. (A) The position of the betel nut kernel and peel. (B) The differentially accumulated 
metabolites were assigned to various secondary metabolic categories. (C) Abundance of metabolites and the ratio of metabolite abundance in kernels/peels.

Table 1 The Top Ten Metabolites in Betel Nut Kernel and Peel

Kernel Peel

Metabolites Abundance Metabolites Abundance

Cianidanol 152,471,359 L-Arginine 28,793,352

L-Arginine 119,344,455 Arecoline 12,864,899
L-Phenylalanine 45,625,317 D-alpha-Aminobutyric acid 10,304,963

Benzocaine 45,625,317 Sucrose 9,007,384

Arecoline 38,188,414 D-Maltose 8,775,721
Epicatechin 12,526,820 Turanose 8,380,532

Sucrose 10,811,009 Lactulose 8,182,635

Turanose 10,671,334 L-Citruline 8,077,661
Lactulose 10,483,274 Trigonelline 7,592,720

3,4-Dihydroxybenzaldehyde 10,086,418 p-Octopamine 6,797,788
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Twelve alkaloid metabolites with high abundance were 
isolated (Figure 5A). Among them, the phyllalbine content 
in the kernel was 75-fold higher than that in the peel. 

Cinchonidine and cinchonine in the peel were 32- and 41- 
fold higher, respectively, than those in the kernel. Notably, 
a high abundance of arecoline was detected in both the 

Figure 2 Screening of differential metabolites. (A) A total of 111 differentially expressed metabolites were screened by volcanic mapping (P<0.05, fold change>2). (B) A heatmap of 
the relative amounts of differentially accumulated metabolites, whose relative abundance was more than 100,000. Of the 40 metabolites, 14 were primary metabolites. Among the 
26 secondary metabolites, there were 4 phenols, 12 flavonoids, and 4 alkaloid metabolites. The abundance of 20 metabolites was higher in the kernel and that of 20 metabolites was 
higher in the peel. The heatmap scale ranges from −1 to +4 after data homogenization (ratio of the measured value to the average value).

Figure 3 Accumulation of amino acids and their derivatives in the kernel and peel. (A) Relative abundance of amino acids and their derivatives in kernels and peels. (B) 
Enrichment analysis of the amino acid biosynthesis pathway. Starting from fructose 6 phosphate, there were significant differences in the biosynthesis of various amino acids 
in betel nuts. Red indicates higher abundance in the kernel, while green indicates higher abundance in the peel.
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kernel and peel. The abundance of arecoline in the kernel 
was 2.9-fold that in the peel.

Sixteen phenolic metabolites had a high abundance 
in betel nut (Figure 5B). The abundance of 3,4-dihydr 
oxybenzaldehyde, trimethoprim, phloretic acid, and 
2,5-dihydroxybenzaldehyde in the kernel was much 
higher than that in the peel. In addition, the abundance 
of dihydromethysticin, vanillic acid, and 6-gingerol in 
the peel was much higher than that in the kernel.

Based on the metabolites obtained from the UPLC–MS/ 
MS analysis, the components of betel nut that might be 
useful in the treatment of depression were predicted by net-
work pharmacology (Figure 6). A total of 93 high abundance 
metabolites were found to target 141 genes. The results 
showed that L-phenylalanine, protocatechuic acid, okanin, 
nicotinic acid, L-tyrosine, benzocaine, syringic acid, benzo-
caine, phloretic acid, cynaroside, and 3,4-dihydroxybenzal-
dehyde could play a major role in the intervention of 
depression. In addition, these metabolites mainly interacted 
with genes such as CES2, ARG1, NOS2, GCLC, NOS3, 
RIA1, VEGFA, CYP1B1, TH, ODC1, and GSTM1.

Discussion
Chewing betel nut is popular all over the world.20 

Hundreds of millions of people worldwide chew betel 
nuts.20 Chewing betel nut is primarily popular in the 

Asia Pacific region.1 Our previous research showed that 
the chewing rate of betel nuts in rural areas of Hainan was 
43.84% for men and 7.43% for women (data not shown). 
The main reason for the popularity of betel nut is because 
it is addictive, similar to the use of tobacco.20 Chewing 
betel nut can induce oral cancer through various mechan-
isms, such as promoting the fibrosis of oral epithelial cells, 
enhancing the drug resistance of cancer cells, and chan-
ging the oral microecology.21–23 However, the effects of 
betel nut on human health may be two-sided. Studies have 
shown that betel nut can resist migraines, reduce choles-
terol levels, and regulate glucose metabolism.24–26 In this 
study, the metabolites of betel nut were systematically 
analyzed to provide a basis for the rational utilization of 
betel nut.

In this study, 873 metabolites were found and categor-
ized into 11 classes. Flavonoids, alkaloids, and phenols 
were the most abundant secondary metabolites. Previous 
studies suggested that there were 59 main metabolites of 
betel nut, mainly alkaloids and flavonoids.3 The present 
study not only isolated most of the reported metabolites, 
such as catechins, epicatechins, and isorhamnetin but also 
highlighted hundreds of unique, never previously reported 
metabolites from betel nut.

This study clarified the metabolite differences between 
kernels and peels. A total of 111 metabolites with significant 

Figure 4 Accumulation of flavonoids in the kernel and peel. (A) Relative abundance of flavonoids in the kernel and peel. (B) Enrichment analysis of the flavonoid biosynthesis 
pathway. Starting from p-Coumaroyl-CoA, flavonoids were synthesized through two metabolic pathways, Liquiritigenin and Naringenin chalcone. Red indicates a higher 
abundance in the kernel, while green indicates a higher abundance in the peel.
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differences were identified. Previous studies have mainly 
focused on the metabolite components of the whole betel 
nut.27 A recent study analyzed the distribution of arecoline 
in distinct regions of the nut.28 This study first systematically 
elucidated the distribution of metabolites and the differences 
in metabolites between kernels and peels.

This study revealed that flavonoids were the most 
abundant metabolites in both the kernel and peel. 
Catechin had the highest abundance of metabolites in the 
betel nut. Several flavonoids have been identified in pre-
vious studies, including isorhamnetin, quercetin, liquiriti-
genin, catechin, proanthocyanidins, and epicatechin.29–32 

Catechins have multiple functions. It has been noted that 
catechins powerfully decrease the endogenous formation 
of nitrosation.32 Catechins possess anti-inflammatory and 
antiplatelet activity and reduce cholinomimetic activity 
potential in vivo.33–35 In addition, recent studies showed 
that betel nut procyanidins could improve hyperglycemia 

by regulating gluconeogenesis 26 and inducing lympho-
cyte apoptosis.36 Therefore, the flavonoids in betel nut 
may be the main source of its biological activity.

A total of 102 alkaloids were obtained by UPLC–MS/ 
MS analysis, among which arecoline was the most abun-
dant. Previous studies have shown that arecoline is the 
main alkaloid in betel nut.37,38 In addition, a variety of 
alkaloids have been identified.27,37 Moreover, arecoline 
has a variety of physiological effects and is considered to 
be a representative substance of betel nuts.39 This study 
confirmed that arecoline is the dominant alkaloid in betel 
nuts.

In addition, this study highlighted that phenols were 
the dominant metabolites in betel nuts. A total of 79 
phenolic substances were found in betel nut, and their 
abundance was the third dominant metabolite. In previous 
studies, a variety of phenolic substances were extracted 
from betel nut, such as ferulic acid, vanillic acid, caffeic 
acid and ferulic acids.29,40 The phenolic compounds in 
betel nut have multiple functions, such as antiaging and 
antiplaque activities.41,42 However, previous studies have 
shown that polyphenols might induce tumors43 and boost 
the development of myeloid-derived suppressor cells.44 

Therefore, the effects of phenolic metabolites derived 
from betel nut needs further research.

Network pharmacology predicted the main antide-
pressant components in betel nut. Amino acids and 
their derivatives (such as phenylalanine and tyrosine) 
and phenols (including protocatechuic acid, syringic 
acid, phloretic acid, and 3,4-dihydroxybenzaldehyde) 
may be the main bioactive components. Studies have 
shown that the levels of tyrosine and phenylalanine in 
the circulatory system of patients with depression are 
reduced.45 Tyrosine is considered to be the starting 
material for the synthesis of dopamine. A decrease in 
dopamine is directly related to depression.45 Arecoline 
and total phenolic compounds of betel nut could signifi-
cantly shorten the immobility time of mice, and total 
phenolic compounds showed better antidepressant 
effects.3 The alkaloids and phenols in betel catechu 
can effectively bind to the MAO-A receptor, but phenols 
more easily bind to the MAO-A receptor.8 Therefore, 
the main components of areca antidepressants include 
primary metabolites and secondary metabolites.

Meanwhile, network pharmacology predictions 
revealed that betel nut targets 141 genes (Table S2). 
KEGG functional enrichment suggested that these target 
genes are related to various inflammatory response 

Figure 5 Accumulation of alkaloids and phenols in the kernel and peel. (A) Relative 
abundance of phenols in the kernel and peel. Various high-abundance phenolic 
metabolites were higher in the kernel than in the peel. (B) Relative abundance of 
alkaloids in the kernel and peel. The abundances of arecoline and trigonelline were 
high in both kernels and peels.
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pathways, including the IFN-gamma pathway, IL5- 
mediated signaling events, IL3-mediated signaling 
events, CDC42 signaling events, Phase 1 - 
Functionalization of compounds, TNF receptor signaling 
pathway, IL2-mediated signaling events, IL1-mediated 
signaling events, TGF-beta receptor signaling, IL23- 
mediated signaling events, p38 MAPK signaling path-
way, IL12-mediated signaling events, IL2 signaling 
events mediated by PI3K, PI3K/AKT activation, endo-
genous TLR signaling, and E-cadherin signaling in ker-
atinocytes (Table S3). Depression is considered to be an 
inflammatory disease.46 These results suggest that betel 
nut may interfere with depression by acting on inflam-
matory signaling pathways.

Conclusion
In summary, flavonoids, alkaloids, and phenols were the 
main secondary metabolites in betel nut. Catechin and 

arecoline were representative active components of the 
betel nut. Network pharmacology predicted that betel nut 
might act on inflammation-related signaling pathways and 
be effective in the treatment of depression. The metabo-
lites of the kernel and peel were significantly different; 
thus, the effective and rational utilization of betel nut 
might be worthy of further study.
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