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Abstract: This study aimed to extract aromatic compounds from the rhizomes, leaf sheaths, and leaves
of Hedychium coronarium and investigate their chemical compositions, cosmetic/cosmeceutical activi-
ties, and irritation potency. The chemical compositions were investigated via gas chromatography-
mass spectrometry. The antioxidant activities were evaluated via spectrophotometry. The anti-skin
wrinkle properties were investigated via collagenase, elastase, and hyaluronidase inhibition. The
irritation potency was observed via a hen’s egg—chorioallantoic membrane test. Eucalyptol was
detected as a major component in the rhizomes and leaf sheaths, while 3-caryophyllene was pre-
dominant in the leaves. The absolutes from the rhizomes were the strongest antioxidants, with ABTS
scavenging properties similar to L-ascorbic acid. Interestingly, the equivalent concentration (ECq) of
the absolute from the rhizome was 0.82 & 0.01 ug FeSO4 /g extract, which was significantly more
potent than L-ascorbic acid (0.43 & 0.03 ug FeSO4 /g extract). The rhizome-derived absolute was the
most effective against collagenase, while the concretes from the rhizomes and leaf sheaths showed
promising anti-hyaluronidase activity with inhibitions of 90.5 & 1.6% and 87.4 & 5.1%, respectively.
The irritability of the aromatic extracts was not different from that of the vehicle control, proving their
safety. Therefore, the Hedychium coronarium rhizome-derived absolute was an attractive and potent
antioxidant with anti-collagenase activities, indicating its potential for use in anti-aging formulations.

Keywords: Hedychium coronarium; concrete; absolute; essential oil; aroma; terpenes; antioxidant;

anti-skin wrinkle; cosmetics

1. Introduction

The Zingiberaceae family, known for its medicinal benefits, can be found in vari-
ous tropical regions, with a significant presence in Southeast Asia [1]. The plants in the
Zingiberaceae family are often rhizomatous annual or perennial herbs with considerable
economic potential that are utilized as vegetables, spices, sauces, flavorings, medications,
and colors [2,3]. One of its numerous applications, which could strongly enhance the worth
of the plants, is the production of fragrances. Hedychium coronarium J. Koenig, commonly
known as butterfly ginger lily, is a plant belonging to the Zingiberaceae family that is
cultivated as a garden plant and for cutting flowers, both for decoration and the perfume
industry [4,5]. The essential oil from the H. coronarium flower has been used in high-quality
fragrances [6-8]. Aside from fragrances, the flower’s essential oil has long been used in tra-
ditional medicine to treat inflammation, skin conditions, headaches, and severe rheumatic
pain [9]. In addition, the essential oils were also used as fragrances in various cosmetic
formulations, including cleansing products and lotions [6-10].
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Regarding the utilization of H. coronarium flowers in the perfume industry, the re-
maining parts of the plants have been disposed of every year. Rhizomes, leaf sheaths,
leaves, etc., have been discarded as agricultural waste and have no value. However, the
rhizomes of H. coronarium have been reported to contain more plentiful amounts of volatile
oils compared to the other parts of the plant [11]. Eucalyptol, f-pinene, a-pinene, and
a-terpineol, which have been found as the major constituents in rhizome essential oils,
are widely acknowledged to have a variety of biological activities, including antibacterial,
antioxidant, larvicidal, phytotoxic, anthelmintic, and anti-inflammatory activities [6-8].
On the other hand, there have been some studies indicating that the extracts from the
rhizomes and leaves of H. coronarium had excellent antioxidant properties [12]. Conse-
quently, H. coronarium rhizomes, leaf sheaths, and leaves, which have been dumped as
waste from the perfume industry, may be employed as active ingredients in the cosmetic
and cosmeceutical areas.

The plants in the Zingiberaceae have been widely known to contain volatile compo-
nents, not only in the flowers but also in other parts [13]. Therefore, the aromatic extracts
from H. coronarium are of interest. Essential oils, which are volatile liquids typically trans-
parent and seldom colored, are the most commonly used among the aromatic extracts from
plants. Valuable aromatic materials, apart from essential oils, include the concrete and
absolute. The concrete is a semisolid mass produced by the solvent extraction of plant
material in the fragrance industry. Various nonpolar solvents have been used to produce
concrete, such as hexane, benzene, and toluene, due to their ability to dissolve the waxy
and fragrant plant compounds [14]. The solvent is finally removed to leave a solid or
semisolid substance known as concrete. Meanwhile, the absolute is obtained by extracting
the concrete using ethanol [14]. The ethanolic extract is then cooled to allow the waxes to
solidify. The solidified wax is filtered out, and the solvent is evaporated under vacuum
conditions, leaving behind the absolute, which is characterized by its intense aromatic
properties and high concentration.

As a large amount of the H. coronarium was left over from the perfume industry, the
present study aimed to utilize these agricultural waste products as a source of biologi-
cally active aromatic compounds for the cosmetic/cosmeceutical industry. The concretes,
absolutes, and essential oils from the rhizomes, leaf sheaths, and leaves of H. coronar-
ium were investigated for their chemical compositions, biological activities related to the
cosmetic/cosmeceutical applications, and irritation potency.

2. Results and Discussion
2.1. Plant Identifications

H. Coronarium belongs to the Zingiberaceae family. The Hedychium genus contains
about 50 species distributed in tropical Asia and Madagascar [4]. H. Coronarium has
the greatest accessibility and prevalence, attributed to its robust characteristics and fra-
grant blossoms [4]. It is characterized by the bright green stem and its bright green
leaves, which are distichous lanceolate (Figure 1a) [4]. The flowers are typically ar-
ranged in terminal spikes, with more than one flower on each spike, typically each having
2-4 flowers (Figure 1b) [15]. The flowers are white, broadly orbicular, and sweetly scented
(Figure 1c) [16]. The yellowish fleshy portion of the oval fruits with 3-valved capsules,
which contain a huge number of seeds covered with red-colored aril, breaks apart when
ripened (Figure 1d) [15,17]. The rhizomes are fleshy, branched, and knotty, with many
nodes that extend horizontally beneath the soil surface (Figure 1e) [15].

Since H. coronarium has been well known for its significance in flower fragrances, it is
currently used in the perfume industry. Aside from the flowers, the other parts also contain
aromatic compounds. Essential oils from the rhizome, stem, and leaf of H. coronarium have
been reported to be successfully extracted and contain a variety of volatile constituents [18].
Hence, various parts of H. coronarium, including the rhizomes, leaf sheaths, and leaves,
were used in the present study. The microscope images of dried powder from various parts
of H. coronarium are shown in Figure 2. Oil droplets were detected in the powder of the
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rhizome and leaf sheath, as shown in Figure 2a,c, respectively. On the other hand, starch
granules were detected in the rhizome part. The polygonal epidermis was detected in both
the leaf sheaths and leaves, while stomata was only found in the leaf part.

Figure 1. H. Coronarium growing in the field (a), inflorescence with flower buds (b), flowers (c), split
ripened capsules with seeds (d), and rhizomes (e).

100 pt

Figure 2. Microscope images of H. Coronarium rhizome powder presenting parenchyma with intercel-
lular space containing oil droplets (a) and parenchyma containing starch granules (b); H. Coronarium
leaf sheath powder presenting fiber and oil droplets (c) and polygonal epidermis (d); H. Coronarium
leaf powder presenting lower epidermis showing stomata (e) and upper with palisade mesophyll in

sectional view (f).

2.2. Aromatic Extracts from H. coronarium

Various aromatic extracts from the H. coronarium rhizomes, leaf sheaths, and leaves
were prepared in terms of the concrete, absolute, and essential oils, as shown in Figure 3.
As concretes are extracted from aromatic plant materials using nonpolar volatile solvents,
they are solid wax-like substances that not only contain volatiles, such as terpenes and
sesquiterpenes, but also fatty acids and their methyl esters, paraffins, and other high-
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molecular-weight chemicals [19]. The concretes from H. coronarium were found to be dark
brown semisolid masses with high viscosity, and their odor varied depending on the plant
part. On the other hand, absolutes are wax-free aromatic substances prepared by removing
the wax from the concrete via ethanol extraction [19]. The absolutes from H. coronarium
were also found to be a dark brown color as semisolid masses but with less viscosity
compared to the concrete. A unique scent was found from each absolute, depending on
the plant parts used. In contrast to the concrete and absolutes, the essential oils were from
hydrodistillation, and the oils were transparent liquids with a very light-yellow color. The
essential oil yields were the lowest compared to the concrete and absolutes. No essential oil
was obtained from the leaf sheaths of H. coronarium based on the hydrodistillation of 100 g
of dried plant materials. The yields of the aromatic extracts from H. coronarium are shown
in Figure 4. The concrete yields were the greatest among all the aromatic extracts from
H. coronarium, followed by the absolutes and essential oils. The rhizomes had the largest
concrete production (5.85% w/w), followed by the leaves (4.83% w/w) and leaf sheaths
(2.94% w/w). The yields of the absolutes followed the same pattern as the concretes. The
rhizomes had the largest absolute yield (4.19% w/w), followed by the leaves (3.43% w/w)
and leaf sheaths (0.86% w/w). The absolute yields from the rhizomes and leaves were
approximately 71% w/w of their concrete yields. In contrast, the absolute leaf sheath yield
was only 29.25% w/w of the concrete. The essential oil yields were the lowest. Those from
the rhizomes and leaves yielded only 0.25 and 0.10% w/w, respectively.

(b)

4

Figure 3. Physical appearance of concrete (a), absolute (b), and the essential o0il, indicated by the
black arrow (c), of H. coronarium rhizome.
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Figure 4. The yields of H. coronarium aromatic extracts reported as percentages based on the dried
plant materials.

2.3. Chemical Compositions of H. coronarium

The chemical compositions of the aromatic extracts from the H. coronarium rhizomes,
leaf sheaths, and leaves are shown in Table 1. Different chemical profiles were observed
in different parts of the plant. Eucalyptol was found as the major constituent in all the
aromatic extracts from the rhizome part. The absolute contained the highest content
of eucalyptol (72.9 £ 1.9%), followed by the concrete (67.8 £ 1.0%) and essential oil
(53.6 & 0.5%), respectively. The results were in line with the previous study, which reported



Pharmaceuticals 2023, 16, 1738 50f17

that eucalyptol was the major component in essential oils from H. coronarium rhizomes [4].
However, the eugenol content in the previous study was found to be lower, ranging from
11.48 to 40.59% [4]. However, the essential oils of H. coronarium populations could be
grouped into four different chemotypes, including eucalyptol, linalool, coronarin-E, or (3-
pinene [4,20]. In the case of the present study, eucalyptol was the predominant compound,
with B-pinene present in relatively low concentrations, linalool was detected in trace
amounts, and coronarin-E was not identified. Similar to the rhizome part, eucalyptol
was also found predominantly in the leaf sheaths but in a lower content. In contrast,
[3-caryophyllene was found to be the major constituent in the aromatic extracts from the
H. coronarium leaves, especially in the absolute. The results were in line with the previous
study, which reported that -caryophyllene was the most predominant in the leaves of
H. coronarium [21]. However, 3-pinene was found to be the most abundant compound in
the essential oil from the H. coronarium leaves. It was also noted that different types of
aromatic extracts also contained different chemical profiles. It was obviously observed that
some low-molecular-weight aromatic compounds were absent in the absolute. The most
plausible reason is that these chemicals evaporated during the process of evaporation to
remove ethanol following the wax removal from the concrete. Although the temperature of
the water bath equipped with the rotary evaporator was set low, around 40 °C, the vacuum
conditions resulted in high pressure within the system, thereby lowering the boiling point,
which refers to the temperature at which a liquid transforms into a gas of compounds.
For instance, ethanol, which has a boiling point of 78.37 °C [22], could evaporate at this
condition. Consequently, volatile compounds with a low molecular weight, typically
associated with low boiling points, could have consequently evaporated [23]. Therefore,
the absolutes were rich in the larger molecules of the aromatic compounds. Eucalyptol
reached an impressive concentration of 72.9 & 1.9% in the H. coronarium rhizome absolute,
while the H. coronarium leaf absolute contained a remarkable 84.2 & 0.7% of 3-caryophyllene.
In contrast, a higher concentration of a low-molecular-weight aromatic compound was
found in the essential oil, especially 3-pinene. The reason could be attributed to the nature
of the hydrodistillation extraction process, which facilitated the easy volatility and effective
extraction of molecules with a low molecular weight. The chemical profile of these aromatic
compounds was strongly correlated with the odor of the extract, with the essential oil
producing the most potent fragrance.

Table 1. Chemical compositions of aromatic extracts from H. coronarium.

RT Chemical Rhizomes Leaf Sheaths Leaves
(min) Components MW Formula
cc AB EO cc AB cc AB EO
go1  FMethyls- 1182  CgHuS 02400 - - 31405 - 0.6+02 - -
pentanethiol
414  a-Thujene 1362  CioHyg 0.1+0.0 - 02400 - - 02400 - 02400
431 a-Pinene 1362 CyoHye 37400 - 76+06  91+01 - 62+00  03£00 108402
464  Camphene 1362 CyoHye 03 0.0 - 08+01  07£01 - 02+ 0.0 - 0200
482  Benzaldehyde 1061  C7HeO 12400 - - 15.0 + 3.4 - 25+1.1 - -
505  B-Phellandrene 1362 CioHye - - 01400 - - 11400 - 36403
520  p-Pinene 1362  CpHp  120+01  12£01 198406 201+13 - 213407 09401 314400
534  B-Myrcene 1362 CyoHye 03+ 0.0 - 03+0.1 - - - - 0.6+ 0.0
581  a-Phellandrene 1362 CyoHye 02400  03£00 06401 - - 03+0.1 - 0.1+0.0
6.07  Terpinene 1362  CyoHyy 02400  07£01 05401 08+00 22+£04 05400 03+£00  04+00
639  D-Limonene 1362  CioHyg 1.04+00  14+01 - 52401  01£01 12401  02£00 59400
649  Eucalyptol 1543  CpH;sO  67.8+1.0 729+19 536405 301+44 140+12 196460 10+02 184404
837  Linalool 1543  CpH;O  07+£00  05£00 08401 - - 0101 - 0.1+00
1091  Borneol 1543  CpH;O 05400  08£02 0601 12400  54+01 0400 - 03+ 0.0
1122 Terpinen-4-ol 1543  CpHpO 25401  35+£02 35404  07£00 37403 11400  03+£00 27401
1174  L-a-Terpineol 1543  CpH;sO 62404 125+£20 62405  26+00 228407 24+01  08+01 26401
17.67  a-Terpinyl acetate 1963  CpHpO, 02400  09+00 01400 - 33+02  01+01  02+00  01+£00
2060  p-Caryophyllene 2044  CisHy 02400  14£01 01400 11401 27.2+13 337444 842407 91405
2200  Humdlene 2054  CisHas - - - - 24403  13+£01  61+01  05£00
26.86 S;rg’:phyne“e 2204  CisHpuO - - - - 68+09  10+03 38+06  16+02
Total 97.3 9.2 94.7 89.6 88.0 93.7 98.0 88.7

NOTE: RT = retention time; MW = molecular weight; CC = concretes; AB = absolutes; EO = essential oils. Bolded
numbers represent the major component that was detected in more than 10% of each sample.
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2.4. Antioxidant Activities of H. coronarium Aromatic Extracts

The antioxidant activities of the concretes, absolutes, and essential oils from different
parts of H. coronarium are shown in Figure 5. Three different assays were used to evaluate
the antioxidant properties of the aromatic extracts from H. coronarium. The 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS)
assays were used to evaluate the ability of the extracts to eliminate free radicals, which
are related to the electron transfer process [24], whereas the ferric-reducing antioxidant
power (FRAP) assay was used to demonstrate the extracts’ capacity to transform the ferric
ion (Fe®*) to ferrous ion (Fe?*) [25]. According to the findings, the H. coronarium aromatic
extracts showed promising antioxidant properties through their ability to scavenge ABTS
radicals and reduce ferric, but they were only moderately effective at scavenging DPPH
radicals. The results aligned with a previous study that compared the radical scavenging
activities of essential oils from H. coronarium rhizomes and revealed that the oils exhib-
ited a higher potency, indicated by lower IC5y values, when tested with the ABTS assay
in comparison to the DPPH assay [4]. Nonetheless, the absolutes were found to have
more potential for free radical scavenging for both ABTS and DPPH. The absolutes from
the rhizomes and leaves of H. coronarium exhibited comparable ABTS scavenging proper-
ties to L-ascorbic acid (2.2 & 0.1 pg 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid (Trolox)/g extract) with the Trolox equivalent antioxidant capacity (TEAC) values
of 1.9+ 0.1 and 2.0 & 0.1 pg Trolox/g extract, respectively. On the other hand, most of
the H. coronarium aromatic compounds exhibited outstanding ferric-reducing antioxidant
powers, especially those from the rhizome part. Both the concrete and absolute from the H.
coronarium rhizome possessed the significantly highest ability to reduce ferric (p < 0.05).
Interestingly, the ferric-reducing ability of the aromatic extract from the H. coronarium
rhizome, particularly the concrete and absolute, was about double that of L-ascorbic acid.
The equivalent concentration (EC;) of the concrete and absolute from the H. coronarium
rhizome were 0.82 & 0.01 and 0.82 & 0.01 ng FeSO4 /g extract, respectively, while the EC; of
L-ascorbic acid was 0.43 £ 0.03 ug FeSO, /g extract. Despite previous research indicating a
stronger correlation between eucalyptol and DPPH antioxidant activity over FRAP [26],
additional studies have documented an ability to reduce the Fe (II) ions of eucalyptol.
Furthermore, it was noted that FRAP showed a positive correlation with flavonoids and
1,8-cineole [27,28]. The molecular moieties, such as —C=0, —OH, or conjugated double
bonds, present in monoterpenes, have been proposed to play a role in the chelation process
of Fe (II) [29].

The findings from this study highlighted the potent antioxidant properties exhib-
ited by various aromatic extracts derived from H. coronarium, notably the absolutes and
extracts obtained from the rhizome parts. However, the effectiveness of antioxidants
relies on their ability to reduce or eliminate an excess of reactive oxygen species (ROS)
within a biological system [30]. It is important to note that ABTS and DPPH radicals,
although stable and commercially available, are not naturally present in biological sys-
tems [31]. Therefore, a subsequent cellular analysis was recommended to provide detailed
insights into the underlying biological mechanisms of these attributes. Several reagents
have been used to detect the intracellular reactive oxygen species (ROS) in the cellular
antioxidant activity, e.g., 10-acetyl-3,7-dihydroxyphenoxazine (Amplex Red Reagent), 5-
(and-6)-carboxy-2’,7’-dihydrodifluorofluorescein diacetate (H2DFFDA), dihydrorhodamine
methyl ester (DHR123), 2/,7’-dichlorofluorescin diacetate (DCFH-DA), malondialdehyde
(MDA), etc. [30]. Therefore, the promising candidate aromatic extracts derived from H.
coronarium were suggested for further cellular analysis.
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Figure 5. DPPH inhibition (a), Trolox equivalent antioxidant capacity (TEAC) (b), and equivalent
concentration (ECy) (c) of L-ascorbic acid and aromatic extracts from H. coronarium. The letters a, b, c,
d, e, and f denote significant differences among the antioxidant activities of each sample, analyzed by
a one-way ANOVA followed by Tukey’s post-hoc test (p < 0.05). ND represents not determined.

2.5. Anti-Skin Wrinkle Activities of H. coronarium Aromatic Extracts

The anti-skin wrinkle activities of the concretes, absolutes, and essential oils from
different parts of H. coronarium are shown in Figure 6 in terms of the inhibitory activities
against collagenase, elastase, and hyaluronidase. The deterioration of the extracellular
matrix (ECM), including collagen, elastin, hyaluronic acid, etc., eventually led to sagging
skin and wrinkles [32]. The inhibition and retardation of the enzymes responsible for
degrading the ECM would be one of the promising approaches for anti-wrinkle.
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Figure 6. Inhibitory activities against collagenase (a), elastase (b), and hyaluronidase (c) of epigallo-
catechin gallate (EGCG), oleanolic acid, and aromatic extracts from H. coronarium. The letters a, b, c,
and d denote significant differences among the anti-skin wrinkle activities of each sample, analyzed
by a one-way ANOVA followed by Tukey’s post-hoc test (p < 0.05). ND represents not determined.

The absolute from the H. coronarium rhizomes was found to exhibit the most significant
potency in inhibiting collagenase (p < 0.05). Remarkably;, its ability to inhibit collagenase
was notably higher than that of EGCG, with inhibitions of 95.7 & 2.0% and 76.0 & 1.2%,
respectively (p < 0.05). The same trend was detected in both the rhizomes and leaf sheaths,
showing that the absolute was the most potent, followed by the concrete and essential
oil. In contrast, the essential oil from the H. coronarium leaves was more potent than the
concrete and absolute, respectively. As collagen is the main structural component and the
most present ECM of the dermis, it is responsible for strengthening human skin [33]. The
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absolute from the H. coronarium rhizomes, which strongly inhibited collagenase activities,
would be an attractive natural aromatic extract proposed for anti-skin wrinkles.

Aside from anti-collagenase activities, the aromatic extracts from H. coronarium also
inhibited the activities of elastase and hyaluronidase. Elastin fibril is another ECM com-
ponent that plays a vital role in skin elasticity [34]. Elastin fibril depletion leading to
sagging skin is typical for elderly people, primarily due to the loss of skin flexibility [34]. In
addition, hyaluronic acid or hyaluronan, a polysaccharide that naturally occurs in the skin,
could be readily broken down by hyaluronidase, leading to a loss of skin moisture [35].
The findings from this study demonstrated that the aromatic extracts from H. coronarium,
particularly concrete, exhibited higher anti-elastase and anti-hyaluronidase activities. The
anti-elastase activities of all the H. coronarium aromatic extracts were considered moderate.
On the other hand, promising anti-hyaluronidase activities were observed. Although the
inhibitory effects were not comparable to those of the positive control, the concrete from the
H. coronarium rhizomes and leaf sheaths exhibited promising anti-hyaluronidase activities,
with inhibitions of 90.5 &= 1.6% and 87.4 & 5.1%, respectively.

Regarding the anti-wrinkle effects concerning the inhibition of collagenase, elastase,
and hyaluronidase, the aromatic extracts from H. coronarium, particularly the absolute
derived from its rhizomes, exhibited a substantial inhibition of collagenase activities.
Although the findings from in vitro assays offer intricate insights into the underlying mech-
anisms of their biological attributes, it is crucial to verify these results through subsequent
cellular evaluations. Various cellular assays have been used to assess the potential of
natural compounds to exhibit anti-wrinkle properties. The anti-skin aging potency could
be assessed by measuring the matrix metalloproteinase-1 (MMP-1) and type I procollagen
levels in cultured human dermal fibroblasts using an enzyme-linked immunosorbent assay
(ELISA) [36]. The inhibitions against MMP-2 and MMP-9 have been evaluated in mouse
embryonic fibroblast (3T3) cells by using sodium dodecyl-sulfate polyacrylamide gel elec-
trophoresis (SDS-PAGE) [37]. Therefore, these cellular assays might be recommended for
further investigations of promising aromatic extracts from H. coronarium. The findings
from the current study would establish a foundation for the selection of candidate aromatic
extracts from H. coronarium for further comprehensive investigations.

2.6. Irritation Potency of H. coronarium Aromatic Extracts

The irritation potency of the H. coronarium aromatic extracts was evaluated after
exposure to the chorioallantoic membrane (CAM), as shown in Figure 7, and the irritation
levels were classified, as presented in Table 2. Among all the extracts, the concrete from the
leaf sheaths of H. coronarium induced no irritation. The concrete and essential oil extracted
from the rhizomes, as well as the essential oil from the leaves, showed moderate irritation,
while the others caused mild irritation. However, no significant difference was observed in
the irritation potency among the H. coronarium aromatic extracts. Moreover, the irritation of
the H. coronarium aromatic extracts was not significantly different from that of the vehicle
control (10% v/v dimethyl sulfoxide (DMSO) in olive oil), which was classified as mild
irritation with an IS of 4.8 &= 0.0. Therefore, it might be possible that the irritation signs
may be attributed to the solvent used rather than the H. coronarium extracts themselves.
As all the H. coronarium aromatic extracts were dissolved in 10% v/v DMSO in olive oil
before being exposed to the CAM, the presence of 10% v/v DMSO could account for the
irritations. The results were in line with the previous study, which reported that more than
1% DMSO was toxic for most mammalian cell types [38]. Even ethanol, which is widely
used in topical products, also caused skin irritation or dermatitis [38]. Other irritation tests,
such as the human patch test, were suggested to confirm the safety of the H. coronarium
aromatic extracts.
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Rhizomes Leaf sheaths Leaves

Positive Negative Vehicle

1
control control control Concrete Absolute Essential oil Concrete Absolute Concrete Absolute Essential oil

Figure 7. Chorioallantoic membrane after being exposed to a positive control (1% w/v sodium lauryl
sulfate aqueous solution), negative control (0.9% w/v NaCl aqueous solution), vehicle control (10%
v/v dimethyl sulfoxide in olive oil), and H. coronarium aromatic extract at 0, 5, and 60 min.

Table 2. Irritation score of aromatic extracts from H. coronarium.

Samples Irritation Score Classification
Positive control (1% w/v SLS) 11.6+0.02 Severe irritation
Negative control (0.9% w/v NaCl) 00+00°€ No irritation
Vehicle control (10% v/v DMSO in olive oil) 484+ 0.0P Mild irritation
Rhizomes Concrete 58+ 14P Moderate irritation
Absolute 46+01° Mild irritation
Essential oil 58+14Pb Moderate irritation
Leaf sheaths Concrete 0.0+0.0°¢ No irritation
Absolute 48+£00° Mild irritation
Leaves Concrete 41401° Mild irritation
Absolute 47+01"b Mild irritation
Essential oil 73+360 Moderate irritation

NOTE: SLS = sodium lauryl sulfate; NaCl = sodium chloride; DMSO = dimethyl sulfoxide. The letters a, b, and ¢
denote significant differences in the irritation score among the aromatic extracts from H. coronarium (p < 0.05).

3. Materials and Methods
3.1. Plant Materials and Identifications

The whole plant of H. coronarium was collected from Sattahip, Chonburi, Thailand,
during November 2022. The fresh H. coronarium was washed to remove dirt and soil. Each
part of H. coronarium, including rhizomes, leaf sheaths, and leaves, was manually separated
and cut into small pieces. Subsequently, the plant material was dried in a hot-air oven
(Memmert, Schwabach, Germany) set at a temperature of 45 °C for 72 h. Then, the dried
plant material was ground into fine powder using an electrical blender (Sharp Thai Co.,
Ltd., Bangkok, Thailand). The dried powder of the H. coronarium rhizomes, leaf sheaths,
and leaves was kept in a sealed aluminum bag until further experiments.

To verify the plant species, the entire fresh plant, including flowers, leaves, and
rhizomes, was verified by Miss Wannaree Charoensup, a botanist at the Department of
Pharmaceutical Science, Faculty of Pharmacy, Chiang Mai University, Thailand. A voucher
specimen with the number 0023314 was kept at the herbarium of the Faculty of Pharmacy,
Chiang Mai University, Thailand. A small amount of the dried powder of each plant
material was mounted in diluted glycerol on the glass slide and characterized under a
Nikon ECLIPSE E200 Microscope (Nikon Solutions Co., Ltd., Konan, Japan) connected with
a Canon EOS750D camera (Canon Inc., Tochigi, Japan), and the photos were taken with a
magnification of 40x.
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3.2. Chemical Materials

L-Ascorbic acid, EGCG, oleanolic acid, Trolox, DPPH, ABTS, 2,4,6-tris(2-pyridyl)-s-
triazine (TPTZ), potassium persulphate (K,5,03), ferrous sulfate (FeSOy), linoleic acid,
collagenase from Clostridium histolyticum (EC 3.4.24.3), elastase from porcine pancreas
(EC 3.4.21.36), hyaluronidase from bovine testes (EC 3.2.1.35), lyophilized tyrosinase
from mushroom (EC 1.14.18.1), synthetic peptide 2-furanacryloyl-Leu-Gly-Pro-Ala (FAL-
GPA), N-succinyl-Ala-Ala-Ala-p-nitroaniline (AAAPVN), hyaluronic acid, L-3,4-dihydroxy-
phenylalanine (L-DOPA), L-tyrosine, N-tris(hydroxymethyl)methylglycine (tricine), bovine
serum albumin (BSA), sodium chloride (NaCl), calcium chloride (CaCl,), sodium ac-
etate trihydrate (CH3COONa-3H;0), ammonium thiocyanate (NH4SCN), ferrous chlo-
ride (FeCl3), disodium phosphate (NayHPO,), monosodium phosphate (NaH,;POy), SLS,
and Tris(hydroxymethyl)aminomethane (Tris base) were purchased from Sigma-Aldrich
(Schnelldorf, Germany). DMSO, n-hexane, 95% v/v ethanol, glacial acetic acid, and hy-
drochloric acid (HCl) were purchased from RCI Labscan Ltd. (Bangkok, Thailand).

3.3. Plant Extraction
3.3.1. Concrete

The dried powder of the H. coronarium rhizomes, leaf sheaths, and leaves was sep-
arately macerated in n-hexane for 3 cycles of 24 h at an ambient temperature using an
Innova 2100 platform shaker (New Brunswick Scientific Co., Inc., Edison, NJ, USA) set at
150 rpm. Regarding each cycle of the maceration, the filtrate was separated via filtration
through Whatman No. 1 filter paper (Danaher Corp., Washington, DC, USA) using a
Bucher funnel and a suction flask attached to a vacuum pump (Anest Iwata Sparmax Co.,
Taipei, Taiwan). The plant residue was subsequently macerated and repeated for a total of
three cycles. The filtrate from three cycles of maceration was pooled together, and n-hexane
was removed under vacuum using a rotary evaporator (Heidolph Instruments GmbH and
Co.KG, Schwabach, Germany) until dryness. The concrete from the H. coronarium rhizomes,
leaf sheaths, and leaves was stored in a light-protected container and kept at 4 °C until
usage. The yields of each concrete were calculated by using the following equation:

Yield of concrete (% w/w) = (a/b) x 100, (1)

where a is the weight of the concrete and b is the weight of the dried plant materials used
in the concrete extraction.

3.3.2. Absolute

The absolute was prepared from the concrete of each plant material. Each H. coronarium
concrete was individually dissolved in 95% v/v ethanol, with the temperature set at 50 °C
using a thermostatic water bath (Memmert, Schwabach, Germany). Subsequently, the waxy
residue, which was not dissolved, was removed via filtration through Whatman No. 1
filter paper (Danaher Corp., Washington, DC, USA) using a Bucher funnel and a suction
flask attached to a vacuum pump (Anest Iwata Sparmax Co., Taipei, Taiwan). The resulting
filtrate was then cooled down to —15 °C and maintained for 24 h to allow the residual wax
to solidify. Subsequently, the remaining waxy residue was removed via filtration through
Whatman No. 1 filter paper (Danaher Corp., Washington, DC, USA). The resulting filtrate
was subjected to a rotary evaporator (Heidolph Instruments GmbH and Co.KG, Schwabach,
Germany) to remove ethanol. The absolute from the H. coronarium rhizomes, leaf sheaths,
and leaves was stored in a light-protected container and kept at 4 °C until usage. The yields
of each absolute were calculated by using the following equation:

Yield of absolute (% w/w) = (a/b) x 100, (2)

where a is the weight of the absolute and b is the weight of the dried plant materials used
in the concrete extraction.
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3.3.3. Essential Oil

The dried powder of the H. coronarium leaves, leaf sheaths, or rhizomes was separately
subjected to hydrodistillation using the Clevenger apparatus. The plant materials and
deionized (DI) water were placed into a flask placed in a heating mantle. Upon the initiation
of the evaporation, it was sustained for a duration of 2 h. Thereafter, the heating process was
terminated, allowing the materials to naturally cool down to an ambient temperature. The
essential oil was collected. In the case where water was collected along with the essential
oil, the remaining water was removed using anhydrous sodium sulfate. The essential oil
from the H. coronarium rhizomes, leaf sheaths, and leaves was stored in a light-protected
container and kept at 4 °C until usage. The yields of each essential oil were calculated by
using the following equation:

Yield of essential oil (% w/w) = (a/b) x 100, 3

where a is the weight of the essential oil and b is the weight of the dried plant materials
used in the essential oil hydrodistillation.

3.4. Determination of Chemical Compositions via Gas Chromatography—Mass Spectrometry
(GC-MS)

The chemical compositions of each aromatic extract from H. Coronarium were evaluated
by Thermo Scientific™ GC-TRACE 1310, MS-TSQ 9000, column TG-5SILMS 30.0 m x 0.25 mm
and film thickness 0.25 um. The oven was preheated to 70-220 °C to 3 °C/min and treated
for 15 min. Injector temperature 250 °C, split flow at 20 mL/min. Helium gas was used as
the carrier, set up at 1 mL/min. The headspace was incubated at 100 °C for 3 min. The
mass spectrometry ion source and transfer line at 230 °C by scan start mass at 35-550 m/z.
The data were acquired and subsequently analyzed using the NIST mass spectral library
(Thermo Fisher Scientific, Waltham, MA, USA) as the standard reference database for mass
spectral analysis.

3.5. Antioxidant Activities Determination
3.5.1. 2,2-Diphenyl-1-picrylhydrazyl (DPPH) Radical Scavenging Assay

The capacity of the aromatic extracts from H. coronarium to scavenge DPPH free
radicals was evaluated through a DPPH assay modified from Brem et al. (2004) and
Chaiyana et al. (2017) [39,40]. Concisely, 20 uL of the sample solutions, comprising H.
coronarium aromatic extracts dissolved in DMSO at a concentration of 1 mg/mL, was mixed
with 180 pL of the DPPH solution, prepared by dissolving 167 mM DPPH in DI water. The
resulting mixture was incubated for 30 min in the dark at an ambient temperature. The
absorbance was then measured at 520 nm utilizing a multimode microplate reader (BMG
Labtech GmbH, Ortenberg, Germany). The outcomes were expressed as the percentage of
DPPH inhibition, calculated using the subsequent equation:

DPPH inhibition (%) = [(2 — b)/a] x 100, (4)

where a represented the absorbance of the combination without aromatic extracts from H.
Coronarium and b represented the absorbance of the combination with aromatic extracts
from H. Coronarium. L-Ascorbic acid was used as the positive control. The test was
performed three times.

3.5.2. 2,2'-Azino-bis (3-Ethylbenzothiazoline-6-sulfonic acid) (ABTS) Assay

The capacity of the aromatic extracts from H. coronarium to scavenge ABTS free radicals
was evaluated through an ABTS assay modified from Tachakittirungrod et al. (2007) and
Chaiyana et al. (2017) [40,41]. Concisely, 20 uL of the sample solutions, comprising H.
coronarium aromatic extracts dissolved in DMSO at a concentration of 1 mg/mL, was mixed
with 180 pL of the ABTS solution, prepared by combining 7 mM ABTS with 2.45 mM
potassium persulfate (K;S,Og) and left for 16 h in the dark, followed by a dilution with
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ethanol to receive an absorbance of 0.7 £ 0.1 units at 750 nm. The resulting mixture
was incubated for 5 min at an ambient temperature. The absorbance was then measured
at 750 nm utilizing a multimode microplate reader (BMG Labtech GmbH, Ortenberg,
Germany). The outcomes were expressed as the percentage of ABTS inhibition, calculated
using the subsequent equation:

ABTS inhibition (%) = [(a — b)/a] x 100, (5)

where a represented the absorbance of the combination without aromatic extracts from H.
Coronarium and b represented the absorbance of the combination with aromatic extracts
from H. Coronarium. L-Ascorbic acid was used as the positive control. The test was
performed three times.

3.5.3. Ferric-Reducing Antioxidant Power (FRAP) Assay

The capacity of the aromatic extracts from H. coronarium to reduce ferric was evaluated
through an ABTS assay modified from Saeio et al. (2011) and Chaiyana et al. (2017) [40,42].
Concisely, 20 uL of the sample solutions, comprising H. coronarium aromatic extracts
dissolved in DMSO at a concentration of 1 mg/mlL, was mixed with 180 puL of the FRAP
solution, prepared by combining 0.3 M acetate buffer pH 3.6, 10 mM TPTZ in 40 mM HCl
solution, and 20 mM ferric chloride solution. The resulting mixture was incubated for
5 min at an ambient temperature. The absorbance was then measured at 595 nm utilizing a
multimode microplate reader (BMG Labtech GmbH, Ortenberg, Germany). The outcomes
were expressed as ECy, calculated using the subsequent equation:

EC; (g FeSO4/g extract) = [a + 0.1278]/84.56, (6)

where a represented the absorbance of the combination with aromatic extracts from H.
Coronarium. L-Ascorbic acid was used as the positive control. The test was performed
three times.

3.6. Anti-Skin Aging Activities Determination
3.6.1. Collagenase Inhibitory Activities Determination

The capacity of the aromatic extracts from H. coronarium to inhibit the collagenase
activity was evaluated when the substrate was FALGPA through the assay modified from
Thring et al. (2009) and Laothaweerungsawat et al. (2020) [36,43]. Concisely, 20 uL of
the sample solutions, comprising H. coronarium aromatic extracts dissolved in DMSO at
a concentration of 1 mg/mL, was mixed with 20 uL of 5 units/mL collagenase with the
enzyme activity greater than 90% and 80 uL of Tricine buffer. The resulting mixture was
incubated for 15 min at ambient temperature, and 40 pL of 2 mM FALGPA in tricine
buffer pH 7.5 was added to start the reaction. Immediately, the absorbance was then
kinetically measured at 340 nm for 20 min utilizing a multimode microplate reader (BMG
Labtech GmbH, Ortenberg, Germany). The outcomes were expressed as the percentage of
collagenase inhibition, calculated using the subsequent equation:

Collagenase inhibition (%) = [(a — b)/a] x 100, (7)

where a represented the absorbance of the combination without aromatic extracts from
H. Coronarium and b represented the absorbance of the combination with aromatic extracts
from H. Coronarium. EGCG was used as the positive control. The test was performed
three times.

3.6.2. Elastase Inhibitory Activities Determination

The capacity of the aromatic extracts from H. coronarium to inhibit the elastase activity
was evaluated when the substrate was AAAVPN through the assay modified from Thring
et al. (2009) and Laothaweerungsawat et al. (2020) [36,43]. Concisely, 10 pL of the sample
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solutions, comprising H. coronarium aromatic extracts dissolved in DMSO at a concentration
of 1 mg/mL, was mixed with 40 pL of 0.03 unit/mL elastase with the enzyme activity
greater than 90%. The resulting mixture was incubated for 15 min at ambient tempera-
ture, and 100 pL of 1.6 mM AAAVPN in tris HCl buffer pH 8.0 was added to start the
reaction. Immediately, the absorbance was then kinetically measured at 410 nm for 20 min
utilizing a multimode microplate reader (BMG Labtech GmbH, Ortenberg, Germany). The
outcomes were expressed as the percentage of elastase inhibition, calculated using the
subsequent equation:

Elastase inhibition (%) = [(a — b)/a] x 100, (8)

where a represented the absorbance of the combination without aromatic extracts from H.
Coronarium and b represented the absorbance of the combination with aromatic extracts
from H. Coronarium. Oleanolic acid was used as the positive control. The test was performed
three times.

3.6.3. Hyaluronidase Inhibitory Activities Determination

The capacity of the aromatic extracts from H. coronarium to inhibit the hyaluronidase
activity was evaluated when the substrate was hyaluronic acid through the assay modified
from Thring et al. (2009) and Nema et al. (2011) [36,44]. Concisely, 20 uL of the sample
solutions, comprising H. coronarium aromatic extracts dissolved in DMSO at a concentration
of 1 mg/mlL, was mixed with 100 uL of 15 unit/mL hyaluronidase with the enzyme activity
greater than 90%. The resulting mixture was incubated for 10 min at the temperature
of 37 °C in a thermostatic incubator (BMG Labtech, Offenburg, Germany). After 100 pL
of 0.03% w/v hyaluronic acid in phosphate buffer pH 5.35 was added, the mixture was
incubated again for 45 min at the temperature of 37 °C. Subsequently, 1 mL of 0.1% w/v acid
BSA in acetate buffer pH 3.75 was added and incubated again at an ambient temperature
for 10 min. The absorbance was then measured at 600 nm utilizing a multimode microplate
reader (BMG Labtech GmbH, Ortenberg, Germany). The outcomes were expressed as the
percentage of hyaluronidase inhibition, calculated using the subsequent equation:

Hyaluronidase inhibition (%) = [(a — b)/a] x 100, 9)

where a represented the absorbance of the combination without aromatic extracts from H.
Coronarium and b represented the absorbance of the combination with aromatic extracts
from H. Coronarium. EGCG was used as the positive control. The test was performed
three times.

3.7. Hen's Egg—Chorioallantoic Membrane (HET-CAM) Test

The potency of the aromatic extracts from H. coronarium to induce irritation was
evaluated by observing atherosclerosis on the CAM using the HET-CAM test previously
described by Chaiyana et al. (2017) [40], which was modified from Luepke and Kemper
(1986) and Steiling et al. (1999) [45,46]. As the embryos were less than halfway through their
incubation cycle, no ethical approval was required. Incubation time for hen eggs is normally
21 d, and fertilized eggs aged 7 to 9 d were used in this investigation. Concisely, the eggshell
along with the inner membrane was carefully opened with forceps. Subsequently, 30 puL
of the sample dissolved in 10% v/v DMSO in olive oil at a 5 mg/mL concentration was
dropped onto the CAM. Within 5 min, vascular variations, including hemorrhage, lysis, and
coagulation, were observed. The time when these vascular variations were first observed
was recorded. Irritation score (IS) was calculated using the subsequent equation:

Irritation score (IS) = [(301 — t(h)/300) x 5] + [(301 — £(I)/300) x 7] + [(301 — t(c)/300) x 9], (10)

where t(h), t(I), and t(c) were the time (s) when the first vascular hemorrhage, vascular
lysis, and vascular coagulation occurred, respectively. IS was then categorized as fol-
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lows: 0-0.9 = no irritation, 1.0-4.9 = mild irritation, 5.0-8.9 = moderate irritation, and
9.0-21.0 = severe irritation (Freire et al., 2015). An aqueous solution of (1% w/v) SLS was
used as a positive control, a normal saline solution (0.9% w/v NaCl aqueous solution) was
used as a negative control, and 10% v/v DMSO in olive oil was used as a vehicle control.

3.8. Statistical Analysis

The data were presented as the mean and standard deviation (SD). Differences among
samples were analyzed by one-way ANOVA using GraphPad Prism (8.0.2, GraphPad Soft-
ware, Boston, MA, USA), followed by Tukey’s post-hoc test. Differences were considered
significant with p < 0.05.

4. Conclusions

Concretes, absolutes, and essential oils were successfully extracted from H. coronarium
rhizomes, leaf sheaths, and leaves. The highest yields of the aromatic extracts were found
in the concrete, followed by the absolute and essential oils. The essential oil could not be
distilled from the leaf sheaths of H. coronarium in the present study due to the limitations
of the plant materials. Nevertheless, it is worth noting that the yield was exceptionally
low. The results of this study highlighted eucalyptol as the primary component in the
aromatic extracts from the H. coronarium rhizomes and leaf sheaths, while (3-caryophyllene
was predominantly detected in the concrete and absolute derived from the H. coronarium
leaves. Absolutes, especially those obtained from the rhizomes, were identified as the most
powerful antioxidants. The rhizome-derived absolute demonstrated similar ABTS scaveng-
ing capabilities to L-ascorbic acid, with a TEAC of 1.9 = 0.1, and the leaf-derived absolute
had a TEAC of 2.2 & 0.1 Trolox/g extract. Notably, the EC; of the absolute derived from
the H. coronarium rhizome was 0.82 &£ 0.01 pg FeSO, /g extract, indicating its significantly
higher potency compared to L-ascorbic acid, which had an EC; of 0.43 & 0.03 pug FeSO4/g
extract. Moreover, the absolute extracted from the H. coronarium rhizomes displayed the
highest level of effectiveness in inhibiting collagenase (p < 0.05). On the other hand, the
concrete obtained from the H. coronarium rhizomes and leaf sheaths showed noteworthy
anti-hyaluronidase activities, with inhibitions of 90.5 &= 1.6% and 87.4 & 5.1%, respectively.
Although a majority of the aromatic extracts from H. coronarium induced signs of irritation
in the HET-CAM test, the level of irritation was not significantly different from that of the
vehicle control. Hence, it is possible that the observed irritation signs may be attributed
to the solvent used rather than the aromatic extracts themselves. Therefore, the absolute
derived from the H. coronarium rhizomes would be recommended as a promising aromatic
compound due to its strong antioxidant and anti-collagenase properties. This makes it a
valuable candidate for further exploration as an active ingredient in cosmetic/cosmeceutical
formulations for anti-aging or anti-skin wrinkles. Additional investigations on multiple
doses were suggested to achieve a more thorough evaluation of their biological effects that
would offer detailed insights into the effective dosage. Further cellular analysis and clinical
investigations would be suggested.
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