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Abstract: Grammatophyllum speciosum is the largest orchid species and a well-known traditional
medicinal plant. Due to skin aging, natural products that inhibit this process can attract the atten-
tion of consumers and scientists because radical-scavenging activity, collagenase inhibition, and
inflammatory suppression are valuable in dermatological applications. This study investigated the
phytochemicals in G. speciosum leaves extracts that have cosmeceutical potentials, including radical-
scavenging, anticollagenase, and anti-inflammatory abilities. G. speciosum leaves were extracted
using water-based extraction methods. High-resolution mass spectrometry was used to identify
the phytochemicals in the extracts. Fibroblast and keratinocyte cell cytotoxicity was determined.
Antioxidant abilities were measured using DPPH and ABTS assays. The effect of the extracts on nitric
oxide (NO) in macrophage cells was investigated. ELISA of the collagenase enzyme was determined.
A total of 721 annotated metabolites were identified in the extracts. Vitexin and orientin were the
most abundant metabolites. Cell viability was >80% in both cell lines when the extract concentration
was <1 mg/mL. The IC50 values for DPPH and ABTS were 56 and 117 µg/mL, respectively. Fur-
thermore, the extracts revealed that NO and collagenase activity were suppressed by 42% and 23%,
respectively. The extracts can suppress ROS, inflammatory, and collagenase activities without causing
fibroblast and keratinocyte cell death. Thus, this study provides information on metabolites in G.
speciosum leaves, which is promising as cosmeceuticals or pharmaceuticals with anti-inflammatory
and anti-collagenase activities.

Keywords: anti-inflammatory; antioxidants; nitric oxide; cosmeceuticals; fibroblast; HaCat; LC-
MS/MS

1. Introduction

Skin aging occurs because collagen decreases in connective tissue, resulting in a loss
of strength and flexibility in the skin. An alteration of the connective tissue structures
and functions manifests as skin shriveling and wrinkles. Many stresses, both intrinsic and
extrinsic inducers can accelerate the aging process of the skin. The predominant extrinsic
inducers of reactive oxygen species (ROS) generation are ultraviolet exposure, pollution,
and specific matter. Furthermore, ROS has a direct effect on melanocyte cells in the inner
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skin layer by enhancing skin pigmentation through the melanogenesis pathway. High
levels of ROS promote fluctuation in the expression level of several protein types in the
connective tissue, which contributes to skin aging [1]. Furthermore, ROS primarily targets
macromolecules, such as proteins, lipids, and genetic materials, such as DNA and RNA,
resulting in cellular stresses and being associated with multiple skin diseases, cancers, and
inflammation-related diseases [2].

Prolonged high ROS levels are also associated with inflammatory processes. ROS,
especially nitric oxide (NO), can activate prostaglandin-endoperoxide synthase in skin
erythema, which are crucial enzymes for prostaglandin E2 synthesis, and thereby stimulate
the inflammatory response [3]. NO was generated by the NO synthase enzyme and inhib-
ited NO synthase decreased NO levels, which reduced skin erythema [4]. Under prolonged
ROS situations, inflammation cascade was activated via numerous signaling proteins, for
example, iNOS, PTGS2, cytokines, and IL-6, IL-1β, and TNF-α, which are produced by
immune cells. Additionally, the MAPK-signaling pathway and AP-1 transcription factor of
inflammatory proteins can stimulate other inflammatory proteins, accelerating the inflam-
mation response and even resulting in skin damage or aging [5–7]. Therefore, discovering
novel radical-scavenging compounds would be beneficial for human health. The inhibition
of oxidative stress or inflammatory mediators can be a solution to slow down the skin
aging process.

Several antioxidant compounds, such as gallic acid, ascorbic acid, or peptides en-
hanced cell resistance to ROS and prevent skin inflammation [8,9]. Although there
are synthetic antioxidant compounds, such as butylated hydroxyanisole, tertiary butyl-
hydroquinone, and butylated hydroxytoluene, the adverse effects of these compounds
limit their use in cosmeceutical products [10,11]. Some of the research now focuses on
identifying harmless natural antioxidants safe for humans and produced using green
processes.

Bioactive compounds in cosmeceutical applications can be extracted from natural
materials using various approaches. Alcohol extraction is a general solvent used for
extracting plant materials. However, the extraction processes require less environmentally
friendly organic solvents. Water extraction (WE) is one of the most promising green
extraction techniques. A single extraction that reduces the number of steps in a process
results in lower investment costs and time. A short extraction period also prevents some
bioactive components from degrading. Another advantage of WE is the applicability for
both large-scale (industrial) and small-scale (laboratory) systems. In addition, using WE
techniques in various medical plants also revealed antioxidant and anti-inflammatory
activities [12]. The bioactive compound from the ethanolic extract in G. speciosum exhibited
radical-scavenging ability and wound healing in fibroblasts [13]. The methanolic extract of
G. speciosum contains several secondary metabolites, such as vitexin, isovitexin, gastodin, γ-
tophyllosides, cronupapine, orcinol glucoside, vanilloloside [14]. Most of these compounds
revealed multi-functional properties beneficial for skin cells. G. speciosum extract may be
useful for cosmeceutical ingredients or pharmaceutical applications due to its benefits.
G. speciosum is a plant of the Orchidaceae family that is predominantly found in Thailand.
G. speciosum extract is used in various cosmeceutical applications, such as reducing radical-
induced cell death in human keratinocyte (HaCaT) cells and stimulating wound healing
in fibroblasts [13]. Due to its benefits, these phytochemicals in this plant may be used as
cosmetic ingredients. However, the phytochemical profile of WE with antioxidative stress,
anti-inflammatory, and anti-collagenase activities has not been investigated.

Metabolome-based LC-MS/MS analysis was a valuable tool for discovering phyto-
chemicals in plants. Characterization of metabolites from the traditional plants has inspired
the development of cosmeceutical products. The overall procedure in the discovery of
natural compounds with bio-functionalities typically starts with extractions and screening
of crude extracts, followed by the identification of the major and active compounds [15].
The use of LC-MS/MS in metabolite profiling demonstrated numerous benefits, including
high sensitivity, small sample volume, and compatibility with other chromatographic
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techniques, such as size-exclusion chromatography, ion-exchange [16]. Another significant
advantage of LC-MS/MS-based metabolomics was the fragment ion search (FISh) function
in Compound Discoverer™ software, which provides useful information for structural
elucidation and comparison with known metabolite databases. These approaches provide
a good method for mining useful chemical information in natural products, resulting in an
important tool for quality evaluation in terms of robustness, confidentiality, and efficacy.
In this study, we present the first information on water-based phytochemical profiles in G.
speciosum leaves with antioxidative stress, anti-inflammatory, and anti-collagenase activity,
which is promising as a functional cosmetic ingredient for developing phytomedicinal
products.

2. Materials and Methods
2.1. Reagents, Chemicals, Materials, and Solvents

G. speciosum fresh leaves were collected in May 2021 in Pathumthani, Thailand with a
specific geological indication (14.01764, 100.53213). Materials and equipment used in this
study were purchased from several places, including a vacuum blender (BL181D31) from
TEFAL Co. (Bangkok, Thailand), a rotatory evaporation R-300 from Buchi Co. (Flawil 1,
Switzerland). A FilterMax F5 microplate reader was purchased from BioTek Co. (Winooski,
VT, USA), Vivaspin® 20 was purchased from GE Healthcare Co. (Amersham, UK), Benchtop
centrifuge (Sorvall™ Legend™ Micro 17), FilterMax F5 microplate reader, and Hypersil
GOLD™ C18 column (2.1 × 10 mm, 1.9 µm) were purchased from Thermo Scientific Co.
(Waltham, MA, USA). Sep-Pak C18 cartridges (SPE) and Waters extraction manifold system
were obtained from Waters Co. (Milford, MA, USA).

The American Type Culture Collection (Manassas, VA, USA) supplied fibroblast cells
(ATCC TIB-71), keratinocyte cells (HaCat), and RAW264.7 cells (TIB-71). Biochemical
reagents, including Dulbecco’s Modified Eagle Medium (DMEM) and Fetal Bovine Serum
(FBS) were purchased from Gibco (Grand Island, NY, USA). The penicillin G, dimethyl
sulfoxide (DMSO), MTT, LPS, IFNγ, and Griess reagent were obtained from Sigma Aldrich
Co. (St. Louis, MO, USA). Collagenase Inhibitor Screening Kit (ab211108) was purchased
from Abcam., All other reagents were purchased from Sigma Aldrich Co. Solvents for
LC-MS, including water and acetonitrile (LC-MS grade) were purchased from J.T. Baker
(Fisher Scientific, Loughborough, UK).

2.2. Phytochemicals Extracts Preparation and Quality Control

G. speciosum fresh leaves (10 g) were mixed with 90 mL of deionized water (DI) ground
using the vacuum blender for 45 s. The suspension was incubated for 3 h at 37 ◦C with a
shaker at 150 rpm. Then, the solution was centrifuged at 14,000× g for 30 min at 8 ◦C. SPE
with the extraction manifold system was used to clean up the clear upper solution. SPE
was pre-conditioned using 20 mL of acetonitrile and equilibrated with 50 mL of water. The
supernatants were loaded on the equilibrated SPE and eluted by 99% acetonitrile/water.
The elutes were then evaporated under a vacuum using rotatory evaporation. To confirm
the phytochemical content, the experiments were conducted in two-biological replications.
The samples were reconstituted in 200 µL methanol and diluted with 1800 µL of 1% formic
acid/water at 1:10 ratio (v/v) before being subjected to LC-MS/MS analysis. Quality control
of G. speciosum extract was conducted for confirming the reproducibility data, we used the
LC-MS/MS approach to determine the total ion intensity of all identified compounds from
two independent extraction batches (n = 2).

2.3. Phytochemical Profiles Analysis Using LC-MS/MS

Phytochemical analysis using a Thermo Q-Exactive Quadrupole Orbitrap Mass Spec-
trometer, coupled with an UltiMate 3000 LC system. Hypersil GOLD™ column held at
40 ◦C was used to separate the analysts. A total of 5 µL sample injections (1 µg/ µL) were
used at a flow rate of 0.3 mL/min. The column and auto-sampler temperatures were
maintained at 40 ◦C and 8 ◦C, respectively. The mobile phase was composed of 95%/5%
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methanol/water with 0.1% formic acid (MP:A), and acetonitrile with 0.1% formic acid
(MP:B) (LC-MS grade, Sigma). Gradient starting conditions were 99% MP: A and 1% MP: B.
Starting conditions were held for 2 min before rising to 55% B over 25 min. The column was
flushed with 99% B for 5 min before returning to the starting conditions. The total time of
each analysis was 35 min. A blank sample (0.1% formic acid/water) was administered after
every injection. MS was operated in a positive mode. A spray voltage of 3.8 kV in both
positive, sheath gas, and auxiliary gas flow rates were set at 48 and 11 arbitrary units (AU),
respectively. The capillary temperature was 350 ◦C. The MS analysis alternated between
MS full scans and data-dependent MS/MS scans with dynamic exclusion. LC-MS for full
MS: scan range, 90–800 m/z; resolution 240,000; AGC target 3 × 106; max IT 100 ms and
LC-MS for full MS/MS, resolution 30,000; AGC target 1 × 105; max IT 200 ms. Up to six
ions (Top6) with the most intense signal were fragmented. All LC-MS runs were acquired
using the Xcalibur 3.1 software (Thermo Scientific, Waltham, MA, USA). The TIC profiles
of all raw files were analyzed using MZmine 2 software [17].

2.4. Data Processing for Phytochemicals Identification

The acquired raw MS files were processed with the Compound Discoverer 3.1 (Thermo
Fisher Scientific, Waltham, MA, USA) to identify phytochemicals. Peak identification, peak
alignment, and peak feature extraction were all conducted in a positive mode on the data.
The retention time (RT) and mass-to-charge ratio (m/z) of different injections were con-
ducted according to the retention time deviation of 0.5 min and the mass deviation of 5 ppm.
Then, the peak extraction was performed according to the set information and adduct infor-
mation: mass deviation =5 ppm, signal strength deviation = 30%, signal-to-noise ratio =2,
and fine isotopic pattern matching >90% of the precursor and the characteristic product ions.
Additionally, the peak area was quantified. The target m/z ions were then integrated to pre-
dict the molecular formula, which was compared to mzCloud (https://www.mzcloud.org;
accessed on 1 November 2021) and ChemSpider (http://www.chemspider.com; accessed
on 1 November 2021) online databases for the identification and confirmation of the com-
pounds. Furthermore, structural elucidation and transformations were suggested for each
chromatographic peak by the FISh function. The FISh coverage score was calculated, and
fragments on the MS/MS spectrum were auto-annotated with structure, molecular weight,
and elemental composition. Among candidate metabolites obtained from mzCloud and
ChemSpider with FISh, the highest MS/MS coverage scores were selected for annotation.
The candidate metabolites with annotation and had mzClound best match score >50 and
FISh coverage >20 or area >1 × 109 AU were reported.

2.5. Extracts’ Effects on Fibroblast and Keratinocyte Cells

Cell cytotoxicity of the extracts was evaluated using an MTT assay. The dried extracts
were freshly dissolved in a culture medium before the experiments. The human fibroblasts
and keratinocyte cells were cultured in DMEM containing 10% FBS and 100 IU/mL of
penicillin in a humidified environment containing 5% CO2 at 37 ◦C. Briefly, the cells were
seeded at a density of 2 × 104 cells per well in a 96-well plate. The cells were examined
for cytotoxicity at various concentrations (8, 4, 2, 1, 0.5, 0.25, 0.125, 0.063 mg/mL) of the
extracts and culture medium as control for 24 h. Next, we measured the optical absorbance
at 570 nm using the microplate reader and transformed the results into the cell survival
rate percentage. The experiments were conducted in triplicate (n = 3).

2.6. In Vitro Antioxidant Assays Using DPPH and ABTS Assays

For DPPH scavenging activity, 10 µL of the extracts were mixed with 190 µL DPPH
solution (0.2 mM in methanol). The control sample contains 20 µL of methanol and 200 µL
of DPPH (0.2 mM). For ABTS scavenging activity, ABTS radical solution (7-mM ABTS stock
solution with 2.45 mM potassium persulfate) was diluted in 5 mM phosphate buffer saline
pH 7.4, to acquire an absorbance of approximately 0.50 at 734 nm before performing the
assay. The extract (10 µL) was mixed with 190 µL of ABTS solution. The reaction was

https://www.mzcloud.org
http://www.chemspider.com
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incubated at room temperature in the dark for 10 min. The absorbance of the mixture was
evaluated at 734 nm. The extract’s percentage scavenging capacity was expressed in IC50
values, which denote the extract concentration required to scavenge 50% of DPPH and
ABTS free radicals. Both experiments were conducted in triplicate (n = 3).

2.7. Collagenase Inhibition Assay Using Enzyme-Linked Immunosorbent Assay

The collagenase inhibitor screening kit was used to measure the enzyme activity to
determine the extracts’ effect on collagenase activity. The testing sample was solubilized
with DI and diluted with kit assay buffer (CAB). The collagenase enzyme was freshly
dissolved in CAB before the experiments. The test samples were prepared by mixing the
tested extract with collagenase. The control reactions were prepared using collagenase
and buffer only. The activity of the enzyme was determined by a λexcitation at 490 nm
and λemission of 520 nm using the microplate reader. The measurement was made at an
endpoint, for 60 min at 37 ◦C. All samples were prepared in two biological replicates and
three experimental triplicates. The ability to inhibit collagenase activity by the analyzed
samples was calculated from the equation:

%enzyme activity =

(
Emλcontrol − Emλsample

)
Emλcontrol

× 100% (1)

where Emλsample denotes the reaction absorbance with the testing sample and Emλcontrol
denotes the reaction absorbance without the testing sample. The experiment was conducted
in triplicate (n = 3).

2.8. NO Determination Level Using Griess Assay

NO level was used to evaluate the potential of the extracts on anti-inflammatory
effect. RAW264.7 cells were plated in a 96-well plate (5 × 104 cells/well) overnight,
followed by the addition of 10 U/mL, IFN-γ, and 100 ng/mL LPS for 24 h in the presence or
absence (control) of the extract (100 and 20 µg/mL). To analyze NO production, 120 µL of
supernatant was incubated with an equal volume of Griess solution at room temperature for
10 min before reading absorbance at 540 nm. Since NO content was reflected by the amount
of nitrite, a calibration curve was generated using sodium nitrite. The calibration curve was
used to calculate the amount of nitrite in the supernatants. Percentage NO suppression by
the extract was expressed in IC50 values, which denote the extract concentration required
to reduce 50% NO level. All experiments were conducted in triplicate (n = 3).

2.9. Statistical Analysis

All experiments were conducted with at least three independent replicates (n = 3), the
results were reported as mean ± standard deviation (SD) and analyzed with GraphPad
Prism software. One-way analysis of variance (one-way ANOVA) was performed using
PD for proteomics software. Duncan’s multiple range test (p < 0.05) was used to determine
the significance of differences.

3. Results and Discussions
3.1. Phytochemical Profiling and Metabolite Qualitative Analysis

The extraction solvents used in dermatological products should take into account
primarily human health requirements; the water extraction used is safe for human health.
Our extraction method does not have to demonstrate organic solvent absence throughout
the extraction process, and water is not a safety concern.

The accuracy of phytochemical profiles data highly depends on the biological sam-
pling and LC-MS/MS instrument performance. To examine whether the instrument is in
good operating condition and whether the sample preparation and method applied were
appropriate, the TIC of all injections is shown in Figure 1A. Furthermore, the highest peaks
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of each injection (two bio-replication and three experimental replication) are extracted from
the TIC, as shown in Figure 1B.
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Figure 1. LC-MS/MS phytochemical profiles of G. speciosum extracts. (A) Aligned TIC profiles of the
extracts in six LC runs of 35 min. The TIC building was achieved using a minimum height of 1 × 105

and maximum height at 3.5 × 108, (B) Aligned extracted ion chromatogram (XIC) of the highest peak
(m/z = 432.10487, charge +1) detected in the positive mode in six LC runs with full-range retention
time (RT). Unit of X-axis and Y-axis are minutes and percentage intensity abundance, respectively.

TIC of independent batches and technical replicates revealed consistency and repro-
ducibility. The XIC reproducibility of m/z = 432.10487 at approximately 8.6 was shown in six
LC-MS runs. Additionally, this peak exhibited good symmetry and was consistent across
the two batches of the experiments (compound coefficient of variance per sample batch
as 2%). Additionally, the TIC of all the detected metabolites in the six LC runs revealed
that their profiles are extremely comparable in terms of elution time and intensity values,
indicating consistency and reproducibility in batches at the overall level.

The identification of metabolites by LC-MS/MS with HCD in a positive mode is
well-established. A total of 721 annotated phytochemical species were identified using
WE for G. speciosum. Table 1 lists the top ten phytochemicals associated with the KEGG
pathway.
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Table 1. List of high abundance phytochemicals detected in G. speciosum extracts.

Phytochemicals Formular Mass (Da) Area (AU) CV. (%) a KEGG Pathway

Vitexin C21H20O10 432.105 1.88 × 1010 1.79 Flavone and flavonol
biosynthesis

Orientin C21H20O11 448.100 7.32 × 109 1.52 Flavone and flavonol
biosynthesis

3-[(1E)-1-propen-1-yl]
pyridine C8H9N 119.073 2.68 × 109 17.11 -

Phenylacetylene C8H6 102.047 1.86 × 109 10.76 -
5,7-dihydroxy-2-(3-hydroxy-
4-methoxyphenyl)-4-oxo-4H-
chromen-3-yl-6-deoxy-α-L-

mannopyranoside

C22H22O11 462.116 1.82 × 109 15.63 -

Choline C5H13NO 103.100 1.37 × 109 2.87 -

Arginine C6H14N4O2 174.112 1.23 × 109 2.02 Biosynthesis of plant
secondary metabolites

Histidinediium C6H11N3O2 157.085 1.22 × 109 2.01 -
Phenylacetylene C8H6 102.047 1.15 × 109 22.74 -

Trigonelline C7H7NO2 137.048 1.11 × 109 2.3

Biosynthesis of
phenylpropanoids

Biosynthesis of alkaloids
derived from shikimate

pathway
a coefficients of variation values in all biological replicate groups (n = 2) and technical replicate groups (n = 3) for each metabolite.

We discovered that vitexin and orientin were major components associated with plant
flavone and flavonol biosynthesis pathways (ID: map00941). It could imply that flavone and
flavonol compounds constituted most phytochemicals in WE. The additional MS2 spectrum
obtained from HCD combined with the FiSH algorithm enabled us to obtain the annotated
phytochemical compounds information. The presence of these annotated compounds was
confirmed and validated using their respective accurate mass, experimental and calculated
m/z, molecular formula, precursor mass error, MS2 fragmentation pattern, and well-known
database matching.

Different extraction solvents affected phytochemical profiling of G. speciosum. The
other extraction solvent, such as ethanol, provides gastrodin as a major component [13].
Gastrodin is a phenolic glycoside that has antiosteoporosis properties and a reduction in cel-
lular ROS [18]. However, our results do not show gastrodin, so we can deduce that different
extraction solvents produce different phytochemical profiles. The biological compounds
derived from G. speciosum extracts are important in discovering novel therapeutic bioactive
compounds and the synthesis of new potential cosmeceuticals. Biological components of
the extracts, such as glycosides, tannins, flavonoids, alkaloids, saponins, and coumarins
from the plants can have a synergistic effect and produce desirable pharmacological effects
for health [19]. Based on this evidence, it may be implied that the antioxidative stress
mechanism of G. speciosum WE took a different path due to vitexin and orientin being
major components. Different phytochemical species provide an opportunity to discover
new bio-related activities.

3.2. Effects of Extracts on Fibroblasts and HaCat Cells

The evaluation of cell cytotoxicity is a crucial issue in producing extracts for practical
use in cosmeceutical applications. The cytotoxicity of the extracts was studied in the
fibroblasts and keratinocyte cell lines as normal skin cells. MTT assay was used to evaluate
cell cytotoxicity following a 48 h treatment with extracts, as shown in Figure 2.
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Although the model in this study is mouse melanoma cells, cell cytotoxicity analysis
indicated several cell deaths in a concentration-dependent manner, therefore, supporting
the hypothesis that inflammatory and collagenase activity can be suppressed and radical-
scavenging activity can increase without affecting cell viability.

G. speciosum WE concentration in the range of 0.0603–0.5 mg/mL exhibited insignif-
icant cell death in all testing cell lines compared to the untreated control. The ethanolic
extraction of G. speciosum was studied for its cytotoxicity to the fibroblast cells. A concen-
tration range of 5–100 µg/mL showed no toxicity to the fibroblast cells (cell survival rate
>90%) [13]. Our results revealed that at 500 µg/mL of the extracts did not affect fibroblast
and HaCat cells when using WE for extraction. Because the extracts’ toxicity to skin cells
would be lower in cosmeceutical products, the concentration with no observed cell death
was evaluated in collagenase and inflammatory studies. Therefore, the concentration we
used in both studies is 100 µg/mL, which did not affect fibroblast and HaCat cell viability.

3.3. Antioxidant Capacity Measurement of Extracts Using DPPH and ABTS Assays

Since the antioxidant capacity of the extracts should be estimated using multiple assays
to determine radical-scavenging ability [20], the in vitro radical-scavenging potential of the
extracts was determined using two methods: DPPH and ABTS assays. These assays were
used because they are widely employed in screening antioxidant abilities and primarily
characterize antioxidative compounds [9,21]. The extracts at various concentrations of 10,
20, 40, 80, 160 µg/mL, were used to conduct these assays. The IC50 of scavenging activities
of DPPH and ABTS were 56 and 117 µg/mL (R2 for DPPH and ABTS were 0.999 and
0.991, respectively). Its effect was comparable with ascorbic acid and gallic acid which are
well-known antioxidants widely used in cosmetic products [8].

We used both antioxidant assays because the extracts contained various types of
phytochemicals. Furthermore, the radical-scavenging capacities were differences stemming
from solubility issues of radicals and their spreading rate in each solvent. Overall, DPPH
can be completely dissolved in alcoholic solvents and is capable of accepting electrons,
as well as hydrogens, whereas ABTS can be completely solubilized in water and other
organic media [22]. Hence, the antioxidant capacity of DPPH and ABTS in the extracts can
be measured for both hydrophilic and hydrophobic compounds.

The results supported G. speciosum as a potentially promising cosmetic natural in-
gredient commonly used as anti-aging serum [23]. The present study provided useful
information about the antioxidant capacity of the extracts, which might be beneficial as a
cosmetic ingredient for the prevention of ROS formation.
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3.4. Collagenase Activity Determination by ELISA Assay

Collagenase plays important roles in the degradation of collagen proteins. Therefore,
it is important to find promising agents that could inhibit the degradation of collagens.
A fluorometric assay was used to measure the extracts that modulate collagenase activ-
ity in the presence of extracts (100 µg/mL) was measured. The extracts had a distinct
inhibitory effect compared to the control. The collagenase-inhibitory effect of the extracts
was 25.41% ± 2.18% compared to the control (p-value ≤ 0.01), The inhibitory effects of the
extracts may be primarily attributed to their rich source of vitexin and orientin.

This extract affects inhibition of the collagenase enzyme. This enzyme hydrolyzed
collagen proteins within the skin, hence, collagenase-inhibitory activity can reduce collagen
degradation. As we know collagen is a major constituent of dermal connective tissue,
many scientists have characterized inhibitors of this enzyme, which will prevent the
loss of structural integrity and flexibility in the skin. Antioxidant compounds can prevent
collagen degradation caused by free radicals [24]. These findings can imply that the extracts
were collagenase inhibitors and might be beneficial in reducing collagen degradation via
scavenging radical abilities.

3.5. Effects of Extracts on NO Level in Macrophage Cells

Due to NO being a regulator of inflammatory processes, we determined the effect of
the extracts on NO level in RAW264.7 cells. The IC50 value of the extracts was 98 µg/mL
(R2 = 0.997) compared to PBS (control condition) used in the experiment. To determine
whether the extracts modulated the NO, the cells were treated with extracts (100 µg/mL),
and the culture medium was collected to evaluate NO levels. The extracts had a distinct
inhibitory effect compared to the control. The NO level of the extracts was 50.49% compared
to the control (p-value ≤ 0.01), as shown in Figure 3.
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Figure 3. NO release by LPS-induced RAW267 cells and treated with the extract. The cells were
treated with extract at concentrations of 100 and 20 µg/mL. Data are represented as mean ± SD from
triplicate results. The number of asterisks (*) denotes the significance levels (p < 0.01) compared to
the control condition.

In healthcare products, potential adverse effects of nitric oxide inhibition should
be considered. Nitric oxide inhibition could be harmful to patients with cardiovascular
and renal diseases. Nitric oxide is cardio-protective during ischemic events by causing
coronary vasodilation and enhancing oxygen delivery. Additionally, nitric oxide inhibition
suppresses statin-induced oxygen delivery to the myocardium.

NO is crucial in mediating several aspects of inflammatory responses in nearly every
organ system including the skin. Increased NO level at skin cells is demonstrated in atopic
dermatitis, irritant dermatitis, allergic dermatitis, skin swelling, and sunburn-induced
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flushing [25]. Furthermore, NO nitric oxide could be a major factor for causing the redness
and inflammation of vascular rosacea [26]. However, a high level of NO inhibition may
have side effects and this issue should be a concern. NO inhibition revealed adverse
effects in patients with cardiovascular disease, as it can suppress oxygen delivery in the
system [27]. To strike a balance between the beneficial and adverse effects, we reduced the
concentration of the extract to 20 µg/mL and measured the NO level. The results revealed
NO level was reduced 32.72% compared to control (p-value ≤ 0.01). These results indicated
that we could adjust the concentration of the extracts with the highest beneficial and lowest
undesirable effects for developing in demagogical products.

4. Conclusions

The phytochemical profiles of water-based G. speciosum extract were determined.
LC-MS/MS, 721 annotated metabolites, among them vitexin and orientin are major com-
ponents. The extract exhibited radical scavenging, NO suppression, and an inhibitory
effect on collagenase without affecting the viability of skin cells. Our study shed light on
the function of G. speciosum extract. This information is valuable for developing natural
anti-aging functions for application in cosmetic ingredients.
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