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Blumea balsamifera (L.) DC. or Sembung is a flowering plant belonging to the genus Blumea of the
3 September 2023

family Asteraceae. Many pharmacological activities of this plant show potential in human therapy. In

Accepted this study, an investigation was conducted on the ethanolic extract of B. balsamifera collected from a
22 October 2023 geothermal area known as le-Jue, in Aceh Province, Indonesia. The results showed that the ethanolic
extract of B. balsamifera contained secondary metabolites of flavonoids and tannins. The chemical
Available Online constituents of the ethanolic extracts of B. balsamifera were further analyzed using gas
27 October 2023 chromatography-mass spectrometry (GC-MS). The results showed that the active compound of this
plant is proximadiol (C1sH2802), which constitutes 41.76% of the total relative area. The presence of
these compounds indicates that Blumea balsamifera plants positively contain active secondary

Sembung metabolites of the terpenoid class that are predicted to have a therapeutic role against 173-HSD
Proximadiol
GC-MS

Keywords

Inhibitors. This research underscores the exciting potential of the le-Jue geothermal area as a
promising reservoir of flora due to the adaptability of plants to geothermal areas.

Borneol

Introduction

Geothermal areas have a significant influence on microbial and plant ecosystems by providing
unique ecological conditions that facilitate growth and adaptation [1-3]. Aceh Province,
Indonesia is known to have several reported geothermal manifestations, especially on Mount
Seulawah Agam [4,5]. le-Jue is one of the manifestations in the up-flow zone of the Mount
Seulawah Agam geothermal system, with hot springs reaching 80-102 °C and ambient air
temperatures reaching 40-45°C [6]. The le-Jue manifestation is in the northern coastal hills of
Aceh Besar District, Aceh Province located at coordinates 5°30'24"N-95°37'45"E, at an
elevation of 254 meters above sea level [7]. Exploration of plant-based medicine from
geothermal areas is still limited. Geothermal manifestations not only provide benefits in the
energy field but can also extend their benefits to other fields, including medicine [8-10]. Plants
originating from the le-Jue area are known to have the potential as broad-spectrum antibacterial
and antifungal agents, for example against Staphylococcus aureus, Escherichia coli, and
Candida albicans [11,12].

Indonesia is renowned for its rich plant biodiversity. The utilization of medicinal plants in disease
prevention is undertaken through an empirical approach [13-17]. Among the botanical
specimens prevalent in the le-Jue area is Blumea balsamifera (L.) DC [18]. This plant, belonging
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to Asteraceae family, and commonly referred to as sambong/sembung, has been utilized for
medicinal practices across various Southeast Asian countries for an extensive period [19]. Over
time, B. balsamifera has served as an important component in diverse traditional medicine
formulations [20]. The botanical specimen of this plant encompasses a diverse array of chemical
compounds, comprising both volatile and non-volatile substances [21]. Essential oils derived
from B. balsamifera in China have been reported to feature significant concentration of 1,8-
cinoele (20.98%), borneol (11.99%) and camphor (8.06%) [22]. The myriad compounds within
this plant have contributed to its extensive use as a complementary therapy in multiple nations
[21,23].

This study pursues a dual objective: (i) to identify the secondary metabolite compounds within
B. balsamifera specimen from the le-Jue geothermal area, Aceh Province-Indonesia, employing
phytochemical analysis and gas chromatography-mass spectrometry (GC-MS), and (i) to
conduct a comprehensive assessment of their potential as pharmaceutical candidate. The
results of this investigation offer insights into the compound composition of B. balsamifera in
the le-Jue areas, positioning them as prospective candidates for medicinal application.

Materials and Methods

Sampling and Plant Preparations

The leaves of B. balsamifera were collected from the geothermal locale of le-Jue, situated at
coordinates 5°30'24"N and 95°37'45"E. Subsequently, the leaves were subjected to thorough
washing, followed by air-drying at room temperature. The dried leaves were subsequently
finely powdered. To extract the plant's compounds, a maceration process spanning three days
was conducted, employing a weight-to-volume ratio (w:v) of 1:10. An ethanol extract was
derived from this process. Subsequently, the extract was subjected to dehydration through the
application of a rotary evaporator (Butchi Rotavapor®, Switzerland) to yield the crude extract.

Phytochemical analysis

A qualitative phytochemical screening was performed to assess the presence of six distinct
classes of secondary metabolites, specifically flavonoids, tannins, saponins, terpenoids, steroids,
and alkaloids [14,24]. Furthermore, gas chromatography-mass spectrometry (GC-MS) was
employed, utilizing the TRACE 1310 GC coupled with a single quadrupole (iSQ) 7000 MS
equipped with the TraceGOLD TG-35MS column [2].

Biological Activity Predictions

Data on the simplified molecular input line-entry system (SMILES) were collected to evaluate
the chemical structures of metabolite compounds [25]. Subsequently, the of metabolite
compounds present in the ethanolic extracts of B. balsamifera was predicted using the PASS
web server [26].

Results and Discussion

Blumea balsamifera, a member of the Asteraceae family, is a well-known constituent of one of
the largest assemblages of flowering plants, the Asteraceae or Compositae family[27]. The
classification of the samples is detailed in Table 1. Based on observations made at the sampling
point, it is eviden that B. balsamifera in the le-Jue geothermal area thrives in soils with elevated
temperatures, reaching as high as 72-86°C (Figure 1). This shows the remarkable adaptability
of B. balsamifera plants to grow in extreme environmental conditions.

Phytochemical analysis of the ethanolic extract of B. balsamifera showed the presence of
flavonoids and tannins (Table 2). The absence of other compound classes may be attributed to
the distinctive geothermal soil conditions in which the plant thrives, characterized by notably
elevated temperatures in comparison to typical environmental circumstances. Notably, in a
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separate study conducted on B. balsamifera from another city in Aceh Province, it was observed
that when employing three distinct extraction solvents, the plant exhibited a diverse array of
secondary metabolites classes, including steroids, saponins, phenolics, and tannins [28].

Table 1. Classification of plant.

Rank Scientific Name
Kingdom Plantae
Subkingdom Tracheobionta
Superdivision Spermatophyta
Division Magnoliophyta
Class Magnoliopsida
Subclass Asteridae
Order Asterales
Family Asteraceae
Genus Blumea

Species Blumea balsamifera (L.) DC.
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A
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Figure 1. B. balsamifera in le-Jue area.

Table 2. Phytochemical analysis of ethanolic extract of B. balsamifera leaves.

No Secondary metabolite Ethanolic extract of B. balsamifera leaves
Alkaloids -
Flavonoids +
Steroids -
Saponins -
Tannins +

O b WN -

6 Triterpenoids -

() absent; (+) present

The chemical composition of B. balsamifera was ascertained through the application of GC-MS
analysis. In the ethanolic extract of it leaves, a total of twenty-two compounds were identified.
The findings of this analysis notably highlight the prevalence of compounds exhibiting a
retention time of 29.69 minutes, with the most prominent peak reaching a relative abundance
of 41.76% (Figure 2).
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Figure 2. Chromatogram of ethanolic extract B. balsamifera leaves.

Table 3. Metabolite compounds of ethanolic extract B. balsamifera leaves.

No I?etenti?n Relative S| Compound names
time (Min) area (%)
1 13.06 2.67 819 Camphor
2 13.70 0.77 706  endo-Borneol
3 2257 0.74 714 3-Methyl-thiophene-2-carboxamide
4 22.87 0.65 687  2,4-Di-tert-butylphenol
5 24.61 2.65 833  Caryophyllene oxide
6 25.76 1.18 784  trans-Z-a-Bisabolene epoxide
7 25.84 4.10 867 11,11-Dimethyl-4,8dimethylenebicyclo[7.2.0]Jundecan-3-ol
8 26.24 0.65 797  R-Acorenol
9 26.60 1.26 819 trans-Z-a-Bisabolene epoxide
10 29.56 151 770  cis-Z-a-Bisabolene epoxide
11 29.69 41.76 831  Proximadiol
12 30.17 0.98 734  Aspidospermidin-17-ol, 1-acetyl-19,21epoxy-15,16-dimethoxy
13 30.86 4.19 701  Dihydroartemisinin, 6-deshydro-5deshydroxy-3-desoxy
14 31.78 8.54 877  Hexadecanoic acid, methyl ester
15 33.10 0.89 705  E-11-Hexadecenoic acid, ethyl ester
16 34.97 1.44 850  Methyl 9-cis,11-trans-octadecadienoate
17 35.09 3.12 808 Cyclopropaneoctanoic acid, 2-[[2-
[(2ethylcyclopropyl)methyl]cyclopropyllmethyl] methyl ester
18 3531 6.84 874  Phytol
19 35.55 191 805 Heptadecanoic acid, 10-methyl-, methyl ester
20 38.07 0.63 677  Cyclohexene, 1,5,5-trimethyl-6-acetylmethyl-
21 41.70 5.89 639 Cyclopentanone, 2-acetyl-3,3-dimethyl-2-(3oxo0-1-butenyl)-,
22 52.21 4.46 755  Stigmasterol

B. balsamifera is characterized by a robust aromatic fragrance, notably redolent of compounds

such as camphor and borneol. In this study, an analysis of metabolite compounds within B.
balsamifera from the le-Jue region revealed the presence of camphor and endo-borneol (Figure
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3a and 3b), with relative area percentages 2.67% and 0.77% (Table 3). Notably, the
chromatographic profile exhibited its highest peak at a retention time of 29.69 minutes, primarily
corresponding to proximadiol, with a relative area accounting for 41.76%. Furthermore, within
the steroid class, stigmasterol was identified, representing 4.46% of the composition (Figure 3¢
and 3d). Proximadiol, also known as cryptomeridiol, is a naturally occurring compound
originating from B. balsamifera [23]. It has the chemical formula of C15H2802, a molecular weight
of 240.38 g/mol, and is classified as a sesquiterpene alcohol [25]. Proximadiol has been
previously reported in the Cymbopogon proxymus [29].

/
N\
‘0 0.
A
Camphor 8
e I—T 0) Endo-borneol
1orie (C10H180)
i~
o~
]
C D
Proximadiol Stigmasterol
(C15H2802) (C29H480)

Figure 3. Metabolite active from B. balsamifera leaves in le-Jue area. A. Champor, B. Endo-borneol, C.
Proximadiol and D. Stigmasterol.

Biological Activity Prediction

The Table 4 presents the biological activity predictions of compounds found in B. balsamifera
leaves. The PASS results are presented as "active" (Pa) and "inactive" (Pi) outputs, where these
probabilities range from 0 to 1, with values closer to 1 indicating higher activity or inactivity [26].
In this study, four compounds were identified as active in inhibiting testosterone 17beta-
dehydrogenase (NADP+), namely camphor (Pa: 0.936), endo-borneol (Pa: 0.962), proximadiol
(Pa: 0.821) and stigmasterol (Pa: 0.915) (Table 4). 17beta-hydroxysteroid dehydrogenases
(17beta-HSDs) are significant contributors to the modulation of steroid hormones, specifically
estrogens and androgens [30]. Inhibitors targeting 173-HSDs have proven to be valuable
instruments for investigating the involvement of these enzymes in specific biological systems or
for therapeutic purposes. The presence of active compounds from the ethanolic extract of B.
balsamifera suggests their potential utility as an inhibitors of 173-HSDs. These inhibitors are
particularly effective in preventing the synthesis of active hydroxysteroids, which are known to
promote estrogen-sensitive conditions such as breast, ovarian, and endometrial cancers, as well
as androgen-sensitive conditions such as prostate cancer, benign prostatic hyperplasia, acne,
and hirsutism [30].
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Table 4. Biological activity of metabolite compounds.

Camphor

Pa Pi Activity name

0.936 0.004 Testosterone 17beta-dehydrogenase (NADP+) inhibitor
0.922 0.004 Respiratory analeptic

0.907 0.004 CYP2J substrate

Endo-borneol

Pa Pi Activity name

0.962 0.002 Testosterone 17beta-dehydrogenase (NADP+) inhibitor
0.954 0.002 Acylcarnitine hydrolase inhibitor

0.947 0.002 Alkylacetylglycerophosphatase inhibitor

0.947 0.003 Alkenylglycerophosphocholine hydrolase inhibitor
0.942 0.003 CYP2J substrate

0.918 0.003 Cardiovascular analeptic

Proximadiol

Pa Pi Activity name

0.814 0.012 Acylcarnitine hydrolase inhibitor

0.821 0.020 Testosterone 17beta-dehydrogenase (NADP+) inhibitor
0.782 0.011 Alkylacetylglycerophosphatase inhibitor

0.774 0.005 Cardiovascular analeptic

0.776 0.008 Anti inflammatory

Stigmasterol

Pa Pi Activity name

0.970 0.002 Antihypercholesterolemic

0.965 0.001 Cholesterol antagonist

0.933 0.001 Oxidoreductase inhibitor

0.915 0.005 Testosterone 17beta-dehydrogenase (NADP+) inhibitor
0.913 0.004 Prostaglandin-E2 9-reductase inhibitor

Conclusions

The GC-MS analysis of B, balsamifera L. (DC), commonly known as sembung, from the le-Jue
geothermal area has revealed a prevalence of sesquiterpene compounds, particularly

proximadiol. The presence of these compounds suggests promising therapeutic potential. This
finding underscores the potential utility of B. balsamifera as a complementary therapeutic agent
within the context of Aceh Province, Indonesia. The compounds identified in this study may offer
valuable insights for further research into the medicinal applications of this plant in the region.
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