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ABSTRACT

Piper betle commonly called betel, is a medicinally important plant used traditionally for the
treatment of inflammatory conditions, gastrointestinal disorders, hepatic diseases, and microbial
infections. Piper betle leaves are particularly rich in essential oil with numerous bioactive
constituents. This study aimed to investigate the chemical composition and anti-inflammatory
activity of essential oils (EOs) from Piper betle leaves. The EOs were extracted via steam
distillation from fresh and dried leaves collected at three distinct time points in 2022 (January,
May, and September). The chemical profile of the EOs were determined by gas chromatography-
mass spectrometry (GC-MS). The anti-inflammatory activity of the EOs was evaluated by the
inhibition of lipopolysaccharide (LPS)-stimulated nitric oxide (NO) production in murine RAW
264.7 macrophage cells. GC-MS analysis identified chavibetol and eugenol acetate as major EO
components, with varying numbers of compounds detected across samples and collection periods.
Chemical profiling consistently revealed significant differences between fresh and dried leaf EOs,
as well as notable variations across collection times. Phenylpropanoids (44.56 — 84.14%) and
hydrocarbon sesquiterpenes (6.86-39.71%) were the dominant compound classes in all EOs.
Regarding anti-inflammatory activity, the January fresh EO exhibited the highest potency with
ICso value of 26.33 + 1.51 pug/mL), followed by the September fresh EO (ICso = 35.71 + 2.05
pg/mL). These findings highlight the variability in Piper betle EO composition based on drying
and collection time, underscoring their potential as a natural source of anti-inflammatory agents.
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Introduction

Piper betle L. (Family Piperaceae), commonly known as
betel, is a medicinally important plant indigenous to Southeast Asia,
India, and Sri Lanka. In Vietnam, it is cultivated nationwide.
Traditionally, the leaves are used as a mouth freshener due to their
antibacterial efficacy against halitosis, while leaf chewing exhibits
stimulatory effects on both nervous and cholinergic systems.'?
Phytochemical studies have revealed that P. betle leaves contain diverse
bioactive compounds, primarily volatile oils, glycosides, saponins,
flavonoids, and tannins.*® These phytoconstituents underlie the plant's
well-established  pharmacological  activities, including anti-
inflammatory, gastroprotective, hepatoprotective, antibacterial, and
antiseptic properties. As such, Piper betle has been widely utilized in
traditional ~medicine for treating inflammatory conditions,
gastrointestinal disorders, hepatic diseases, and microbial infections.®’
Piper betle leaves typically yield approximately 0.2% w/w of EOs,
which consist predominantly of monoterpenes, sesquiterpenes,
phenylpropanoids, and aldehydes.
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The chemical profile of these EOs demonstrates substantial variation
influenced by factors such as plant origin, developmental stage, and
harvest time. Importantly, these volatile constituents collectively
govern both the organoleptic characteristics (aroma and flavour profile)
and bioactivity of Piper betle EOs.%°

Chromatographic analysis demonstrated that the EOs derived
from Piper betle leaves contain eugenol (40%) and chavicol (up to
40%) as primary components, along with other significant constituents
like o-terpinene, methyl chavicol, p-cymene, a-copaene, anethole, -
caryophyllene, a-humulene, and chavibetol.2*2 Pharmacological
investigations of Piper betle EOs have revealed their anti-
inflammatory activity,’®* as well as distinctive broad-spectrum
antibacterial activity against both Gram-negative and Gram-positive
bacteria.**1® Particularly noteworthy was their ability to inhibit biofilm
formation and extracellular matrix production in Pseudomonas
aeruginosa.t” Both in vivo and in vitro studies have confirmed the anti-
inflammatory properties of chavibetol, chavibetol acetate, and chavicol
isolated from Piper betle EOs.*®*%® Notably, hydroxychavicol
demonstrated significant suppression of lipid peroxidation and TNF-a
production in human neutrophils, while effectively reducing edema and
swelling through downregulation of pro-inflammatory cytokines.?-2* In
addition, hydroxychavicol and eugenol from Piper betle leaves EOs
have shown potent inhibition of key inflammatory enzymes, including
xanthine oxidase and lipoxygenase. ?° This study aimed to investigate
the seasonal variation in chemical composition and in vitro anti-
inflammatory activity of EOs extracted from Piper betle leaves in
Vietnam. The EOs were obtained through steam distillation and
analyzed using gas chromatography-mass spectrometry (GC-MS) to
characterize their phytochemical profiles across different harvesting
periods.
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Materials and Methods

Plant collection and identification

The leaves of Piper betle L. were collected from Thai Nguyen city, Thai
Nguyen province, Vietnam (21°35'41.7"N, 105°48'39.2"E) during three
seasonal periods: January 2022 (PB1), May 2022 (PB2), and September
2022 (PB3). The plant was authenticated at the herbarium of the
Institute of Chemistry, Vietnam Academy of Science and Technology
(VAST), where herbarium specimens with wvoucher numbers
PB1.202201, PB2.202205, and PB3.202209, for PB1, PB2, and PB3,
respectively, were deposited.

Essential oil extraction

The leaves of Piper betle (500 g/species/time) were subjected to hydro-
distillation for 7 hours using a Clevenger-type apparatus (Techlab,
Vietnam). The Eos obtained were pooled for component identification
and in vitro anti-inflammatory activity.

Phytochemical analysis of essential oils

The qualitative analysis of the essential oils was carried out on an
Agilent Technologies HP7890A GC equipped with a mass spectrum
detector (MSD) Agilent Technologies HP5975C and a HP5-MS column
(60 m x 0.25 mm, film thickness 0.25 pm, Agilent Technologies). The
injector and detector temperatures were set at 250 and 280°C,
respectively. The column temperature was programmed to start at 60°C,
and increase to 240°C at 4°C/min. Helium was used as the carrier gas at
a flow rate of 1 mL/min. Essential oils samples were injected by auto
sampling in 1 pL volume in split mode at a split ratio of 100:1. The
MSD conditions were as follows: ionization voltage 70 eV, emission
current 40 mA, acquisitions scan mass range 35 - 450 amu under full
scan. A homologous n-alkane series was used as the standard to
calculate retention time indices (RI) of each component. MassFinder
4.0 software connected to the HPCH1607, WO9NOS8 libraries, and the
NIST Chemistry WebBook was used to match mass spectra and
retention indices. The results were further confirmed by comparison
with data of authentic compounds reported in the original literature.
The quantitative analysis of the essential oils was carried out on an
Agilent Technologies HP7890A GC equipped with a flame ionization
detector (FID) Agilent Technologies and a HP5-MS column (60 m x
0.25 mm, film thickness 0.25 pum, Agilent Technologies) with same
condition above. The relative amounts of individual components were
calculated based on the GC peak area (FID response) without
correction.?

Determination of anti-inflammatory activity
The anti-inflammatory activity of the EOs was evaluated by the
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inhibition of lipopolysaccharide (LPS)-stimulated nitric oxide (NO)
production in murine RAW 264.7 macrophage cells (American Type
Culture Collection, Manassas, VA, USA). Piper betle EOs were tested
at various concentrations to determine their dose-dependent inhibitory
effect against NO production. All experiments were performed at the
Institute of Chemistry, VAST.
RAW 264.7 cells were cultured in DMEM supplemented with 10% FBS
at 37°C in a 5% CO: atmosphere for 48 hours, and then seeded
(2.5%x10° cells/well) in 96-well plates. Following adherence, cells were
stimulated with LPS (0.1 mg/mL) in the presence or absence of test
compounds at various concentrations, with cardamonin included as a
positive control. After 24 hours of incubation, nitric oxide levels in the
culture supernatants were quantified using Griess reagent. Absorbance
was measured at 570 nm, nitric oxide concentration was estimated from
sodium nitrite (NaNO.) standard curve.?’
Cell survival rate was calculated using the formula shown in Equation
1:

. 0D [sample]
Cell survival rate (%) = (70]) [mmmpl (_)])x 100 .or v v v (1)
Statistical analysis
Data were presented as mean + standard deviation (SD) of triplicate
determination. SD was calculated as the square root of variance using
the STDEV function in Excel 2016 (Microsoft Corporation, Redmond,
WA).

Results and Discussion

Chemical constituents of Piper betle EOs

The EOs extracted from both fresh and dried Piper betle leaves
collected in January (PB1), May (PB2), and September (PB3) 2022
were analyzed by GC-MS. The chemical compositions and relative
abundances of identified compounds are presented in Table 1 and
Figure 1.

For samples collected in January (PB1), 28 compounds were identified
in the fresh sample, accounting for 96.51% of the total EO weight. The
composition of the fresh leaf EO comprised: 5 oxygenated
monoterpenes (17.86%), 13 hydrocarbon sesquiterpenes (42.86%), 5
oxygenated sesquiterpenes (17.86%), and 5 benzene derivatives
(14.29%). For the dried leaves, 29 compounds were identified,
representing 98.41% of the total EO weight, consisting of 8 oxygenated
monoterpenes (27.59%), 10 hydrocarbon sesquiterpenes (31.03%), 5
oxygenated sesquiterpenes (17.24%), and 6 benzene derivatives
(17.24%).

A

Piper bgrie collected in Famuary 2022 (FB1 fresh)

Piper fetie collectad in Famary 2022 (PE1 dried)

I

Piner Bl collacted in May 2022 (PB2 feski)

I|J=.LL-

Piper Dene. collected in My 2022 (PB2 cxied)

IIJ:LL'

Fiper berfe collectad in September 1012 (PEJ frech)

Piper derie collectad in September 20212 (PE3 drisd)

Figure 1: The GC-MS chromatograms of Piper betle EOs
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Table 1: Chemical composition of Piper betle EOs

PB1 (Fresh) PB1 (Dried) PB2 (Fresh) PB2 (Dried) PB3 (Fresh) PB3 (Dried)
No. Chemical name Formula %FI %E
Time Ri "Y' Time RI %FID Time RI %FID Time RI %FID Time Rl %FID  Time Rl ©
1 a-Pinene CroHi - - - - - - 98 98 o016 - - - - - - - A
2 Eucalyptol  CiHiO - - - - - - - . S - . - 1203 1036 0%2
3 (E)--Ocimene CioHis S - - . - 1333 1048 0%1
4 Linalool CwHiO 1517 1102 020 1516 1101 0.29 1516 1101 025 - - - 1515 1101 034 1515 1101 Oé7
5 Citronellal  CuHiO - - - 1703 1155 011 - - . S - . - - -
6 Methyl ChavicolCioH120 - - - - - - oo - - . - 1875 1204 %}
7 Decanal CiHxO 1886 1207 023 1885 1206 0.16 - - ; .- - 1884 1206 023 1884 1206 Oé“
8 Citronellol ~ CuHzO 1963 1229 021 1962 1229 031 - - ; S ; ; ; ; ;
9 Chavicol CoHwO 2064 1259 3.03 20.64 1259 1.15 20.64 1258 270 20.63 ég 239 2063 1258 207 2063 1258 2%4
10 Geranial CwHisO - - - 2117 1274 016 - - ) A ; - ; ; -
11 Perilla aldehyde C10H140 - - - 2150 1284 2.66 - - - - - - - - - - - -
12 (E)- Anethole  CioHpO - - - - - - 2182 1203 316 2181 o 228 2181 1292 127 2181 12027
13 o-Elemene  CisHas S - . - - . - 2359 1346 0%1
14 Chavicol acetateCiiH0; 2376 1351 259 2375 1351 315 2377 1351 472  23.77 éi 518 2377 1351 471 2376 1351 4é7
15 Eugenol CioHiO; 2424 1365 028 2423 1365 019 2423 1365 030 2423 ;o 013 : T 2423 1365
16 Chavibetol  CioHiO; 2479 1382 47.79 24.74 1380 2441 2481 1383 39.62 24.75 éi 2173 2479 1382 3227 2474 1381 215;
17 a-Copaene  CisHae 2499 1388 013 2497 1388 0.19 2498 1388 023 =~ 2498 1388 019 2497 1387 053
18 cis-p-Elemene CisHae T T 7 2543 1402 0864 T 2543 (1)‘2‘ 0.26 2544 1402 036 2543 1402 Of’
19 Methyl eugenol CuiH10; 25.62 1407 0.99 2561 1407 0.58 2561 1407 0.75 2561 3‘7" 031 2561 1407 042 2561 1407 023
o-Cis- 0.1
20 e motene CiH S - - S - - - 2612 14237
21 B) CisHae 2649 1435 189 2647 1434 210 2649 1435 176 2647 »+ 098 - ; - 2648 1435 3%
Caryophyllene 34 6
22 [-Gurjunene CisH2a 26.75 1443 0.16 - - - - - - - - - - - - - - -
a-trans- 0.1
23 Bergamotene CasHas i . - - - - - - - - - - - - - 2677 1444
24 Aromadendrene CisHzs  27.10 1455 042 27.09 1454 025 - - . - - . - 2709 1454 061
25 (Z)-p-Farnesene CisHz4 i i ) ) ) ) ) ) ) o ) ) ) ) 27.25 1459 Oél
26 g-Humulene  CisHa  27.57 1469 3.62 27.56 1469 0.82 27.56 1469 092  27.55 ég 0.68 2756 1469 055 2756 1469 1é0
27 -Muurolene  CisHze 2817 1489 210 28.17 1488 1.83 28.18 1489 1.46 28.17 ég’ 0.77 2817 1488 167 2817 1488 lég
28 Germacrene D CisHze 2841 1496 147 28.41 1496 470 2841 1496 156 2841 ;g 231 2841 1496 241 2840 1496 420
29 g-Zingiberene CisHae  28.60 1502 0.23 2859 1502 025 =~ - T T T 2859 1502 029 2859 1502 oéz
30 Viridiflorene  CisHzs  28.83 1510 125 - - - A ; .- - 2881 1509 047 ; -
31 Er:gyc'ogermacr CisHzs 2888 1512 1.19 28.88 1511 4.34 2887 1511 254 2887 ﬁ 344 2888 1511 151 2888 1511 152
32 p-Bisabolene  CasHae . - - T T T 2900 1516 144 2901 1516 2(')9
33 Eugenol acetate CioH1:0s 2961 1536 25.17 29.61 1536 2591 29.64 1537 2431 29.65 %3 2875 2965 1537 2667 2960 1536 %ﬂ'
34 (B)-o- CisHas  29.76 1541 034 2975 1541 026 © 2075 Y 015 2075 1541 031 2074 1540 %4
Bisabolene 41 2
trans-Cadina-
35 o CisHze 2991 1546 013 - - - - . S - . - - -
36 o-Cadinene  CusHzs 3006 1551 041 - - - - . S - . - - -
37 Elemicine  CuHiOs - - - 3031 1559 014 - - - S ; - ; ; -
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38 Spathulenol ~ CisHas0 i i ) ) ) © 3139 1595 0.40 31.39 ég 0.17 3139 1595 0.28  31.37 1595 Oél
39 gjig’fphy”e”e CsH2O ~~ 7 3159 1603 019 3159 1602 049 31.59 ég 028 3159 1603 073 3159 1602 055
40 Guaiol CisHzsO 31.60 1603 0.61 31.84 1611 0.38 31.85 1612 0.18 31.85 ﬁ 021 3185 1612 051  31.84 1611 064
41 Cubeban-11-ol CisHaO 31.89 1613 0.45 - - - - - - - - - - - - - - -
42 Rosifoliol CisHeO 32.10 1620 0.16 ) ) ) ) ) T ) 3209 1620 0.18  32.08 1620 051
43 1-epi-Cubenol CisHzsO 32.80 1645 0.91 3279 1644 0.15 3279 1644 024 3279 [112 016 3279 1645 027 3278 1644 oéz
ag LZDIACRIOXY- (6 3295 1650 051 33.06 1654 21.79 3305 1654 1302 3311 18 2005 3307 1654 1654 3305 1658 03

4-allylbenzene 56 8
45 epi-a-Cadinol CisHasO  33.18 1658 0.36 33.13 1657 0.35 33.21 1659 0.18 -7 ) 3317 1658 046  33.16 1658 053
46 a-Muurolol  CusHxO  ~ © T T T T 3327 1661 029 3327 ég 014 3327 1661 032 3327 1661 0%2
47 g-Cadinol CisH260 ) ) " 3354 1671 0.39 3354 1671 0.22 3355 %3 0.24 3355 1671 051 3354 1671 Oé“
Monoterpene hydrocarbons ) ) 435 ) ) 278
(%)
8/’((3’99”“9‘1 monoterpenes 17.86 27.59 17.39 19.05 11.11 19.44
Sesquiterpene
hydrocarbons (%) 42.86 31.03 21.74 33.33 29.63 36.11
8/’;')96””“9‘1 sesquiterpens 17.86 17.24 30.43 2381 25.93 19.44
Derivatives of benzene (%6) 14.29 17.24 21.74 23.81 18.52 16.67

(-): Not available, RI: Retention index, %FID: % peak area contribution by the flame ionization detector

For the samples collected in May (PB2), 23 compounds were detected stage, harvesting methods, genetic variability, and seasonal

in the fresh sample, constituting 99.44% of the total EO weight. The
fresh sample composition featured 1 hydrocarbon monoterpene
(4.35%), 4 oxygenated monoterpenes (17.39%), 6 hydrocarbon
sesquiterpenes (21.74%), 7 oxygenated sesquiterpenes (30.43%), and 5
benzene derivatives (21.74%). The dried sample contained 21
compounds constituting 99.60% of the total EO weight, with 4
oxygenated monoterpenes (19.05%), 7 hydrocarbon sesquiterpenes
(33.33%), 5 oxygenated sesquiterpenes (23.81%), and 5 benzene
derivatives (23.81%).

For the September samples (PB3), 27 compounds were identified in the
fresh sample (99.40% of total EO weight), including 4 oxygenated
monoterpenes (10.34%), 10 hydrocarbon sesquiterpenes (29.63%), 8
oxygenated sesquiterpenes (25.93%), and 5 benzene derivatives
(18.52%). The dried sample yielded 36 compounds (98.56% of total EO
weight), comprising 1 hydrocarbon monoterpene (2.78%), 7
oxygenated monoterpenes (19.44%), 15 hydrocarbon sesquiterpenes
(36.11%), 8 oxygenated sesquiterpenes (19.44%), and 5 benzene
derivatives (16.67%).

There are clear differences in the chemical composition of EOs obtained
from Piper betle across different seasons.

For PB1, the dried samples contained higher levels of oxygenated
monoterpenes (27.59%) than the fresh samples (17.86%). The
hydrocarbon sesquiterpene content differed significantly between fresh
(42.86%) and dried samples (31.03%), while oxygenated
sesquiterpenes showed minimal variation (17.86% in fresh versus
17.24% in dried samples).

For PB2, fresh samples exhibited greater amounts of both hydrocarbon
monoterpenes (4.35%) and oxygenated sesquiterpenes (30.43%)
compared to dried samples (0% and 23.81%, respectively). The most
notable compositional ~ differences appeared in  oxygenated
monoterpenes (dried: 19.05%; fresh: 17.39%) and hydrocarbon
sesquiterpenes (dried: 33.33%; fresh: 21.74%).

For PB3, dried samples again demonstrated higher concentrations of
hydrocarbon monoterpenes (2.78% vs. 0% in fresh) and oxygenated
sesquiterpenes (25.93% vs. 19.44% in fresh). The most substantial
variations occurred in oxygenated monoterpenes (dried: 19.44%; fresh:
10.34%) and hydrocarbon sesquiterpenes (dried: 36.11%; fresh:
29.63%).

These compositional variations in Piper betle EOs likely result from
multiple factors including environmental conditions, plant growth

physiological changes. The observed chemical diversity underscores
how growth conditions and processing methods significantly influence
both the composition and properties of EOs.

The EO composition of Piper betle leaves exhibited marked seasonal
variations between fresh and dried samples.?®?° January collections
revealed chavibetol as the dominant component in fresh leaves
(47.79%), contrasting with eugenol acetate (25.91%) in dried samples.
This pattern persisted in May, with fresh leaves containing 39.62%
chavibetol versus 28.75% eugenol acetate in dried samples. September
samples showed similar trends, though at reduced concentrations
(32.27% chavibetol in fresh versus 21.04% eugenol acetate in dried).
Trace components including a-cadinene (0.11-0.32%), citronellal
(0.11-0.45%), a-pinene (0.08-0.22%), a-copaene (0.15-0.41%), and
methyl chavicol (0.09-0.38%) were consistently present across all
samples. These compositional differences likely reflect complex
interactions between seasonal environmental factors (temperature
fluctuations, precipitation patterns), plant physiological changes during
growth, and post-harvest processing methods. The consistent
predominance of chavibetol in fresh leaves versus eugenol acetate in
dried samples suggests distinct biochemical transformation pathways
during the drying process, while the seasonal concentration variations
indicate environmental influences on secondary metabolite
production.30:3

The EO of the Piper betle not only contains chavibetol and eugenol
acetate but also several other components that vary in quantity with
season.®? These components include: guaiol, chavicol, chavicol acetate,
methyl eugenol, a-humulene, J-muurolene, germacrene D,
bicyclogermacrene, 1-epi-cubenol, and 1,2-diacetoxy-4-alkylbenzene.
Worldwide studies have classified these chemical components into five
main groups: phenylpropanoid, hydrocarbon monoterpene, oxygenated

monoterpene,  hydrocarbon  sesquiterpene, and  oxygenated
sesquiterpene. Among these, phenylpropanoid (44.56-84.14%)
predominates in all EO samples, followed by hydrocarbon

sesquiterpene (6.86-39.71%).

While chavibetol and eugenol acetate have been established as the
primary bioactive compounds in Indian Piper betle EOs, Vietnamese
specimens exhibit a distinct phytochemical profile. Our research in
Vietnam has identified significant sesquiterpenoid constituents
including y-elemene, valeranone, and ishwarone in the EO composition.
Seasonal analyses revealed consistent chemical constituents across
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different collection periods, with variations primarily manifested in oil
yield rather than qualitative composition. These observed differences
may be attributed to multiple influencing factors including geographical
variation, local geological conditions, and region-specific harvesting
and processing techniques. This study not only broadens the knowledge
on documented phytochemical spectrum of Piper betle EOs but also
provides valuable insights into the seasonal dynamics of oil production,
highlighting how environmental and anthropogenic factors can
influence secondary metabolite expression in medicinal plants.

Anti-inflammatory activity of Piper betle EOs

The in vitro anti-inflammatory activity of EOs obtained from the leaves
of Piper betle were evaluated through inhibition of NO production in
the RAW 264.7 macrophage cells. The experimental data were recorded
and shown in Figure 2.

100
(%]
s
= 80
3
f_ETGO
> 40
=2
~ 20 I I
o
e, =W
S DS S S

Figure 2: The ICsy (ng/mL) values of inhibition of NO
production by EOs obtained from the leaves of Piper betle. Data
are mean x SD, n = 3. Cardamonin was used as positive control

The results presented in Figure 2 demonstrate significant NO
production inhibition in RAW 264.7 macrophages by all tested EO
samples, with 1Cso values ranging from 26.33 to 89.32 pg/mL across
the investigated concentration range compared to the positive control
cardamonin (ICso = 8.25 = 0.79 pg/mL). Notably, fresh leaves EOs
exhibited superior anti-inflammatory activity, with PB1 (fresh) showing
the strongest inhibition (1Cso = 26.33 + 1.51 pg/mL), followed by PB3
(fresh, 1Cso =35.71 = 2.05 pg/mL) and PB2 (fresh, 1Cso =41.63 + 3.22
pg/mL). In contrast, dried leaves EOs demonstrated markedly reduced
potency, displaying ICso values of 50.14 + 1.85 pg/mL (PB1 dried),
66.58 + 3.23 pg/mL (PB3 dried), and 89.33 + 3.56 ug/mL (PB2 dried).
These findings indicate that fresh Piper betle leaves yield EOs with
significantly enhanced anti-inflammatory properties (ICso range: 26.33
- 41.63 pg/mL) compared to those from dried leaves (ICso range: 50.14
- 89.33 pg/mL). The observed 1.9- to 3.4-fold difference in efficacy
between fresh and dried preparations suggests substantial bioactive
compound degradation or transformation during the drying process,
highlighting the importance of processing methods for preserving the
phytotherapeutic potential of Piper betle EOs.

Conclusion

This study demonstrates the variability in Piper betle L. EOs
composition influenced by collection time and processing (fresh versus
dried), with chavibetol and eugenol acetate consistently identified as
major components. All EOs exhibited significant anti-inflammatory
activity, notably with fresh samples showing superior potency (e.g.,
PB1 fresh EO with the highest activity). These findings not only
enhance the understanding of Piper betle phytochemical diversity but
also underscore its promising potential as a natural source of anti-
inflammatory agents. Future research should focus on isolating and
elucidating the mechanisms of action of the most active compounds,
optimizing harvest and processing protocols based on seasonal
variations, and conducting in vivo studies to validate their therapeutic
applications.
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