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Curculigo latifolia is a plant in the Hypoxidaceae family commonly used in herbal medicine. The study
objective was to evaluate the antioxidant and anti-elastase properties of C. latifolia extracts in vitro
and silico as a candidate for antiaging active ingredients. This study identified secondary metabolites
of the hexane (HE), ethyl acetate (EAE), and ethanol extracts (EE) from the root (R), stem (S), and leaf
(L) organs by LC-ESI-MS and evaluated in vitro antioxidant and inhibitor elastase activity. An antioxidant
evaluation was performed using ABTS, Beta Carotene Bleaching (BCB), and Ferric Reduction Antioxidant
Power (FRAP). Evaluation of anti-elastase was carried out using elastase and followed by an in silico study
of molecular docking using the target protein elastase (1B0F). Fifteen C. latifolia metabolites were iden-
tified in C. latifolia extracts, most of which were phenolic compounds. In antioxidant testing, REE,
REAE, SEE, and SEAE extracts showed potent antioxidant activity based on the ABTS, BCB, and FRAP meth-
ods. In anti-elastase testing, it was found that SEE, REE, REAE, and RHE extracts gave powerful inhibition
of elastase activity (in the ranges of 16.89 to 27.91 lg/mL). The in-silico study demonstrated the potential
of the identified metabolites to bind to the target protein 1B0F involved in remodeling the skin aging pro-
cess. This research concludes that the extracts from C. latifolia have the potential to serve as an active
antiaging source.
� 2023 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Aging is a complex and continuous biological system involving
changes in the cellular and molecular structure of the body. Intrin-
sic and extrinsic factors influence the maturation process of the
skin. As the body ages, the intrinsic factor causes fine wrinkles
and a thinned epidermis (Purohit et al., 2016; Zhang and Duan,
2018). Contrary to internal aging, extrinsic aging leads to deep
wrinkles, weak skin structure, and hyperpigmentation, primarily
due to prolonged sun exposure (Lago and Puzzi, 2019; Xia et al.,
2015). As the skin ages, wrinkles appear, and the skin’s elasticity
is diminished, resulting in progressive dermal atrophy. Several fac-
tors contribute to the development of dermal atrophy, including a
decrease in the extracellular matrix (ECM), which includes collagen
and elastic fibers (Lukitaningsih et al., 2020).

Elastin is an ECM fibrous protein that plays a role in providing
elasticity and repair to tissues. Collagen is a fundamental molecu-
lar unit in forming skin tissue produced from procollagen. In the
dermis, dermal fibroblasts produce procollagen under the influ-
ence of transforming growth factor-b (TGF-b) and activator
protein-1 (AP-1), where TGF-b regulates collagen production, and
AP-1 regulates collagen breakdown. The presence of intrinsic and
extrinsic effects, such as chronic UV radiation, promotes the break-
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down and decreased protein synthesis due to the upregulation of
matrix metalloproteinases (MMPs), including the decrease in elas-
tase synthesis. This process causes tissue damage during photoag-
ing and premature aging (Jadoon et al., 2015; Varani et al., 2000).

An increase in skin damage necessitates chemoprevention and
therapy strategies. One promising strategy is by utilizing natural
materials. In today’s era, treatment based on natural materials is
increasingly popular. Most people feel safe in its use due to the
minimal side effects. A study by WHO stated that about 80% of
the world population strongly believes in herbal medicine because
of the therapeutic effects of natural ingredients. The increasing use
of natural ingredients in medicine encourages investigation of
chemical compounds that can provide pharmacological potential
(Saleem et al., 2021; Zengin et al., 2018).

Curculigo latifolia is a plant from the Hypoxidaceae family
widely distributed in China, Japan, Nepal, Malaya, India, Australia,
and Africa. The original distribution of this plant comes from India,
Myanmar, Thailand, Peninsular Malaysia, Singapore, Philippines
and some parts in Indonesia such as Sumatra, Lingga Islands,
Bangka Island, Borneo, Java, and Celebes (Wang et al., 2021). Scien-
tifically, C. latifolia has been found to possess antioxidant, anti-
diabetic, and antibacterial properties (Farzinebrahimi et al., 2016;
Ooi et al., 2018; Umar et al., 2021). The bioactivities of C. latifolia
are strongly supported by the content of secondary metabolites
found in these plants. Previous reports showed that the roots of
C. latifolia contain phenolic compounds like phloridzin, pomiferin,
scandenin, and mundulone through the LC-MS analysis (Zabidi
et al., 2019). As reported in a previously study, C. latifolia contains
phenolic glycosides such as orchioside derivatives, curculigoside
derivatives, and triterpenes (cycloartane) curculigosaponin deriva-
tives determined based on the UHPLC-Q-Orbitrap HRMS. The
leaves were reported to contain phenolic glycoside and curculigos-
aponin products (cycloartan triterpenes) (Umar et al., 2021).

Although C. latifolia has been reported to have various pharma-
cological effects, this study explored the antiaging effect through
antioxidant activity and elastase inhibition. Some previous infor-
mation stated that the leaf and root extracts of C. latifolia had
antioxidant effects but were carried out with limited methods. This
study explored the antioxidant activity using the ABTS radical
reduction method, lipid peroxidation (BCB assay), and iron reduc-
tion (FRAP Assay). Antioxidant compounds in C. latifolia extract
have a role in reducing the activity of skin-degrading enzymes,
one of which is elastase. A study of the phytochemical content
by LC-ESI-MS in the root, stem, and leaf extracts of C. latifolia
was also conducted in order to enrich the data information and
study its elastase inhibitory activity with an in silico approach
through molecular docking.
2. Materials and methods

2.1. Plant collection and extraction

C. latifolia plant was obtained from the Research Institute for
Spices and Medicinal Plants (BALITTRO), Bogor City, West Java,
Indonesia (-6.576994315224358� N, 106.78637511741873� E).
The specimen of C. latifolia was identified by Dr. Anang Setiawan
Ahmad and stored at the Herbarium Bogoriense, Center for Biolog-
ical Research, National Research and Innovation Agency (BRIN),
Cibinong, West Java, with voucher code B-132/V/DI.05.07. Plant
parts of C. latifolia were (the roots, stems, and leaves) cleaned
and dried at 40 �C (72 h). Dry materials were powdered and
extracted by maceration in stages with solvent variations starting
from non-polar to polar solvents (n-hexane, ethyl acetate, and
70% ethanol, respectively). Solvents from each extract was evapo-
rated to obtain n-hexane extract of root (HRE), stem (HSE), and leaf
2

(HLE). Ethyl acetate extract of root (REAE), stem (SEAE), leaf (LEAE).
Ethanol extracts of roots (REE), stems (SEE), and leaves (LEE). The
extracts obtained were then subjected to further testing.

2.2. Phytochemical screening by LC-ESI-MS

The extracts of C. latifolia were analysed by LC-ESI-MS. LC-ESI-
MS analysis was carried out using Waters Acquity UPLC I-Class
and XEVO G2-XS QTof. Chromatographic separation was per-
formed using an ACQUITY UPLC� BEH C18 (1.7 m, 2.1 x50 mm).
The mobile phase used a mixture of A (H2O + 0.1% Formic Acid)
and B: (ACN + 0.1% Formic Acid) with gradient concentration.
The ionization was carried out in a positive ion mode in m/z range
100–1200 amu, with a capillary voltage of 2 kV and the source
temperature of 120 �C, the desolvation temperature of 500 �C.
The fragmentation amplitude was set to 40 eV, and MS2 data were
acquired in positive ion mode (Hanafi et al., 2018).

2.3. Antioxidant analysis

The antioxidant activity of each extract was analyzed with dif-
ferent methods including ABTS (Nur et al., 2021b), lipid peroxida-
tion by beta-carotene bleaching (Nur et al., 2021a), and FRAP
assays (Dravie et al., 2020).

2.3.1. Radical ABTS reduction assay
A radical scavenging method based on ABTS was modified by

Nur et al. (2021b). A mixture of ABTS (7 mM in 10 mL distillate
water) and potassium persulfate (2.45 mM in 10 mL distillate
water) was incubated for 12–16 h in the dark to form an ABTS rad-
ical solution. The solution mixture was then diluted with ethanol
to 50 mL. A working solution of ABTS was prepared by mixing it
with ethanol (1:10). 1 mL of ABTS working solution was diluted
to 5 mL with ethanol and incubated for 30 min as a blank solution.
The absorbance was measured with a UV–visible spectrophotome-
ter (745 nm; Shimadzu UV-1900). The serial volumes of each C. lat-
ifolia extract were reacted with 1 mL of ABTS working solution, and
the volumes were made up to 5 mL with ethanol. An absorbance
measurement at 745 nm was performed after incubating the mix-
ture for 30 min in the dark at room temperature. The positive con-
trol in this study used standard quercetin and ascorbic acid.

IC50 values were calculated by comparing the percentage of
inhibition of ABTS radicals across different concentrations of sam-
ple solution with the formula:

% Inhibition = (Abs. blank – Abs. sample/Abs. blank) � 100%.

2.3.2. Lipid peroxidation inhibition by beta carotene bleaching (BCB)
assay

Assays for BCB were performed in accordance with Nur et al.
(2021a) with slight modifications. To create beta carotene emul-
sion (BCE), beta carotene powder (20 mg) was dissolved in chloro-
form (0.2 mL), followed by linoleic acid (0.2 mL) and tween 20
(2 mL). After mixing well, the remaining chloroform was evapo-
rated. To form a transparent emulsion, the mixture was diluted
with distilled water to 100 mL. A serial volume of each extract
solution was prepared by mixing 1 mL of BCE with 5 mL of ethanol.
After incubation at 50 �C for 20 and 120 min, the absorbance at
461 nm was measured by a spectrophotometer (Shimadzu UV-
1900). A blank solution was prepared (1 mL of BCE in 5 mL of etha-
nol), and its absorption was measured in the same procedure.
Quercetin and butyl hydroxytoluene (BHT) were used as positive
controls.

The difference between the degradation of the sample and a
blank solution was used to calculate antioxidant activity. The
absorbance results were then processed to find the rate of degrada-
tion based on the formula (ln (a/b) � 1/t), where Ln is a corre-
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sponds to the natural logarithm, a is an absorbance value after
20 min of incubation, b is an absorbance value after 120 min,
and t is the incubation time (120 min). IC50 values are determined
by calculating the inhibition of lipid peroxidation at each concen-
tration of sample solution using the formula:

Inhibition %ð Þ ¼ degradation rate of blank� degradation rate of sample
degradation rate of blank

x100
2.3.3. FRAP (Ferric reducing antioxidant power) assay
This study involved the reduction of iron using the FRAP

method (Dravie et al., 2020). FRAP reagent was made by reacting
acetate buffer (pH 3.6), Tris Pyridyl Triazine (TPTZ, 1 mM), and
FeCl3 (0.02 M) in a ratio of 10:1:1. Each extract solution (0.1%
w/v) was mixed with 2 mL of FRAP reagent, and distilled water
was added to make up the volume (5 mL). Incubation at room tem-
perature for 30 min was followed by an absorbance measurement
at 595 nm (Shimadzu UV-1900). The FRAP value for each extract
was calculated using quercetin as the standard curve. The querce-
tin equivalent value per gram of extract (lMQEV/g extract) was
used to estimate its antioxidant capability (Nur et al., 2019).
2.4. Elastase inhibition assay

Testing the elastase inhibitory activity of each extract of C. lat-
ifolia according to the modified assay protocol based on several
studies conducted by Anggraini et al. (2020), Elgamal et al.
(2021) dan Putri et al. (2019). Each extract of C. latifolia (10 mg)
was weighed and dissolved in tris-buffer HCl up to 10 mL
(1000 lg/mL). A concentration of 10–1000 lg/mL of the test solu-
tion was achieved by diluting the sample solution in series. As
much as 20 lL of sample solution (10–1000 lg/mL) was inserted
into 96 wells, added 120 lL of Triz-HCl buffer pH 8 to the well.
The test solutions were added to 20 lL (0.22 U/mL) elastase (Sigma
Aldrich SLBV 9311) and then incubated for 20 min at 25 �C. After
incubation, the mixture was added of N-succinyl-(Ala-Ala-Ala)
nitroanilide of 30 lL (Sigma Aldrich, S4760) to the well plate. After
incubating at 25 �C for 50 min, the absorbance was measured at
405 nm with a 96-well Microplate Reader (Promega Glomax)
(Anggraini et al., 2020).
2.5. In silico study by docking molecular

Molecular docking analysis of the fifteen compounds produced
by the LC-ESI-MS analysis was carried out using the procedure
described by Nursamsiar et al. (2020). In silico analysis of this
enzyme’s structure was conducted using the protein data bank
(https://www.rcsb.org/structure/1B0F). Results of molecular dock-
ing were analysed regarding various evaluation parameters, i.e.,
the orientation of the ligand structure, hydrophobic interactions,
hydrogen bonds formed, and the value of free energy from each
ligand.
2.6. Data analysis

In vitro experiments were performed three times, with results
reported as mean ± SD. To determine the significance level of the
mean values, a one-way ANOVA was performed (Tukey HSD).
The correlation between the antioxidant activity of each sample
against elastase inhibition was analyzed through Pearson’s correla-
tion (Minitab 20 version). The in silico models were analyzed by
Autodock Tools 4.2 program package.
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3. Result

3.1. Extraction yields

The extraction process of plant organs of C. latifolia was carried
out by maceration using solvents of different polarity to obtain
their phytochemical profile. Based on the ‘‘like dissolved like” prin-
ciple, n-hexane, ethyl acetate, and ethanol (70% v/v) were used to
extract compounds that have low, semi, and high polarity from
each plant organ, respectively (Chormey and Bakirdere, 2018;
Zhuang et al., 2021). The ability of the solvents to extract com-
pounds can be determined based on the yield percetages obtained.
Results show that compared to n-hexane, ethyl acetate, and etha-
nol (70%v/v) gave the highest yield, obtaining yields of 48.32%,
46.75%, and 34.46%, from roots, stems, and leaves, respectively.

3.2. Phytochemical screening

The phytochemicals of C. latifolia were analysed using LC-ESI-
MS. Figs. 1 to 3 showed the LC-ESI-MS profiles of the root, stem,
and leaf extracts. According to their mass accuracy and fragmenta-
tion pattern, as many as 15 compounds were identified. Ten of
which were of phenolic, and four others were terpenoid/steroid
derivates (Fig. 1). Information on compound names, retention
times, and m/z fragmentation (positive molecule ion) can be seen
in Table 1.

3.3. ABTS radical reducing activity

ABTS radical scavenging activity in the extract positively corre-
lated with their concentrations. The radical scavenging activity of
ABTS increases with increasing sample concentration. An inhibitor
concentration of 50% (IC50) was used to measure the capacity of C.
latifolia extract to lessen ABTS radicals. The test results in Fig. 4
show that the ethanol and ethyl acetate extracts in the roots,
stems, and leaves of C. latifolia were highly active antioxidants
with an IC50 value of 50 lg/mL, while the n-hexane extract in each
organ had weak antioxidant activity (IC50 > 150 lg/mL). Among all
C. latifolia, REE extract demonstrated the strongest antioxidant
activity with an IC50 value of 9.79 lg/mL, significantly different
from ascorbic acid (6.51 lg/mL) and three times weaker than the
antioxidant power of quercetin (3.6 lg/mL) as a positive control.

3.4. BCB (Beta carotene bleaching) assay

Antioxidant activity testing the usage of the BCB technique was
primarily based on the potential of antioxidant compounds from C.
latifolia extract to prevent the rate of beta-carotene degradation
because of the formation of peroxide radicals attributable to the
oxidization of linoleic acid. In this study, the antioxidant capabili-
ties of each extract of C. latifolia were expressed as IC50 (Table 2).
The process of inhibiting the amount of beta-carotene degradation
relies upon on increasing the concentration of the sample. The
higher the concentration, the higher the inhibition amount of
beta-carotene degradation. The test results for the ability of antiox-
idants to inhibit the beta-carotene degradation rate by lipid perox-
idation showed that each C. latifolia extract had a significantly
different antioxidant capacity among the samples (P < 0.05,
n = 3). In Table 2, REAE and SEAE samples (IC50 < 20 lg/mL) showed
high antioxidant properties compared to other extracts and quer-
cetin as a positive control. However, compared with the BHT
(IC50 = 0.55 lg/mL) as a positive control, the REAE and SEAE sam-
ples showed low antioxidant properties. BHT was used as a com-
parison because BHT is known to have specific antioxidant
activity in preventing lipid peroxidation (Abdul Karim et al.,

https://www.rcsb.org/structure/1B0F


Fig. 1. LC-ESI-MS/MS profile accompanied by the structure of compounds identified from root extract. Fig. 1A (RHE) was predicted to contain methyl-3-hydroxy-4-
methoxybenzoate (1) and sugiol (2). Fig. 1B (REAE) was predicted to contain the compounds methyl-3-hydroxy-4-methoxybenzoate (1), stigmastan-3,6-dione (3),
curculigoside (6), aviprin (7), and lucialdehyde B (8). Fig. 1C (REE) was predicted to contain the compounds methyl-3-hydroxy-4-methoxybenzoate (1), curculigoside (6),
guaiacol (10), and smilaxin (11).
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Fig. 2. LC-ESI-MS/MS profile accompanied by the structure of compounds identified from stem extract. Fig. 2D (SHE) was predicted to contain stigmastan-3,6-dione (3).
Fig. 2E (SEAE) was predicted to contain lucialdehyde B (8), and Fig. 2F (SEE) was predicted to contain the compounds 5,20 ,60-trihydroxy-7,8-dimethoxy-flavone-20-O-b-D-
glucopyranoside (13), 5,7,30 ,50-tetrahydroxyflavanone (14), and quercetin (15).
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Fig. 3. LC-ESI-MS/MS profile accompanied by the structure of compounds identified from leaf extract. Fig. 3G (LHE) was predicted to contain digiprolactone (4) and 3-tert-
butyl-4-methoxyphenol (5). Fig. 3H (LEAE) was predicted to contain digiprolactone (4) and azedarachin C (5). Fig. 3I was predicted contain 4-O-Caffeoylquinic acid-1 (12) and
quercetin (15).
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C. latifolia

Fig. 4. Test the antioxidant activity of each C. latifolia extract by reducing ABTS radicals. This study used ascorbic acid (1–7.5 lg/mL) and quercetin (1–5 lg/mL) as positive
controls. *indicates that the data are significantly different with a Tukey HSD of p � 0.05 (n = 3).

Table 1
Phytochemical screening of C. latifolia extracts using an LC-ESI-MS.

No RT
(min)

Observed MS
(m/z)

Molecular
ion

Compounds Molecular
Formula

Extracts References

1 3.36 183.06 M + H, +Na Methyl-3-hydroxy-4-methoxybenzoate C9H10O4 HRE, REAE,
REE

(Seghiri et al., 2006)

2 7.68 301.21 M + H Sugiol C20H28O2 HRE (Chao et al., 2005; Simoneit
et al., 2019)

3 12.91 429.37 M + H Stigmastan-3,6-dione C29H48O2 HSE, REAE (Lim et al., 2005)
4 3.61 197.12 M + H Digiprolactone C11H16O3 HLE. LEAE (Lestari et al., 2022)
5 9.94 609.27 M + H Azedarachin C C32H42O10 LEAE (Chao et al., 2005; Priyanto

et al., 2023)
6 3.75 489.14 M + H, +Na Curculigoside C22H26O11 REAE, REE (Zhao et al., 2014)
7 3.58 305.102 M + H, +Na Aviprin C16H16O6 REAE (Ishihara et al., 2001)
8 6.14 453.34 M + H Lucialdehyde B C30H44O3 SEAE, REAE (Gao et al., 2010)
9 5.30 181.12 M + H 3-tert-butyl-4-methoxyphenol C11H16O2 HLE (Wiley and Sons., 2023)
10 2.14 125.06 M + H Guaiacol C7H8O2 REE (Dorfner et al., 2003)
11 2.49 317.102 M + H Smilaxin C17H16O6 REE (Woo et al., 1992)
12 2.44 355.102 M + H, +Na 4-O-Caffeoylquinic acid-1 C16H18O9 SEE, LEE (Li et al., 2016)
13 2.93 492.13 M + H, +Na 5,20 ,60-Trihydroxy-7,8-dimethoxy-flavone-20-O-b-D-

glucopyranoside
C23H24O12 SEE (Nurul Islam et al., 2013)

14 3.76 288.6 M + H, +Na 5,7,30 ,50-Tetrahydroxyflavanone C15H12O6 SEE (Yang et al., 2016)
15 3.52 303.05 M + H Quercetin C15H10O7 LEE (Chen et al., 2015)

Table 2
Antioxidant activity of C. latifolia extract by beta carotene bleaching assay.

Sample Percentage of inhibition (%) in a concentration (lg/mL) of: IC50 (lg/mL)

6.25 12.5 25 50 100 200

REE 4.11 ± 0.05 10.79 ± 1.08 28.13 ± 0.56 48.11 ± 1,96 73.03 ± 0.88 – 62.05*b

SEE 6.80 ± 0.23 8.91 ± 0.4 17.76 ± 0.13 42.98 ± 0.53 74.91 ± 1.22 – 64.97*a

LEE 22.34 ± 0.87 29.67 ± 1.35 39.38 ± 2.13 42.50 ± 0.98 59.43 ± 0.39 – 70.55*b

REAE 38.44 ± 1.36 45.83 ± 0.97 59.93 ± 0.39 67.83 ± 1,3 82.15 ± 1.12 – 14.81*e

SEAE 39.96 ± 1.33 48.23 ± 1.10 50.55 ± 0.64 67.29 ± 0.75 80.44 ± 0.88 – 19.42*d

LEAE 8.66 ± 0.77 9.69 ± 0.89 37.77 ± 1.25 56.58 ± 5.19 82.16 ± 5.16 – 51.34*
RHE – 2.25 ± 0.14 9.96 ± 0.26 23.96 ± 0.61 44.65 ± 1.42 86.29 ± 4.60 115.1*h

SHE – 17.09 ± 1.12 18.63 ± 0.74 23.50 ± 0.40 47.23 ± 0.48 75.48 ± 1.27 118.7*g

LHE – 15.08 ± 0.92 19.53 ± 0.59 40.76 ± 0.87 63.17 ± 0.87 85.49 ± 0.61 94.92*
BHT* IC50 (0.55)*
Quercetin* IC50 (43.38)*

Note: *Concentration series on positive control BHT (0.2 to 1 lg/mL) and quercetin (10 to 50 lg/mL). The percentage inhibition (%) of lipid peroxidation at each concentration
is described as mean ± SD (n = 3). With a Tukey HSD of p � 0.05, the data indicate a significant difference (*). abc..There was no extensive difference in data from the
alphabetical order at p � 0.05 (Tukey HSD).
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Table 3
Antioxidant activity in reducing iron using the FRAP method.

Extract Samples Reduction Power (lMQEV/g extract) (595 nm)

REE 462.12 ± 7.57*

S. Nur, H. Setiawan, M. Hanafi et al. Saudi Journal of Biological Sciences 30 (2023) 103716
2014). At the same time, quercetin is a phenolic and flavonoid
compound that is spread in natural ingredients, has potent antiox-
idant activity, and was used as a comparison to determine its
action in preventing the oxidation process of beta carotene.
SEE 316.92 ± 9.53*
LEE 209.34 ± 7.04*
REAE 833.33 ± 8.35*
SEAE 422.98 ± 4.16*
LEAE 88.38 ± 1.16*
RHE 37.27 ± 2.48*
SHE 18.61 ± 1.70*i

LHE 14.57 ± 0.61*h

Ascorbic Acid 997.26 ± 10.42*

Note: Reduction power are represented as mean ± SD with three times replication
(n = 3). *The data demonstrate a significant difference at the p � 0.05 level (Tukey
HSD). abc..Alphabetical differences showed that the data were not extensive differ-
ent at the p � 0.05 level (Tukey HSD).
3.5. Ferric reducing antioxidant capacity (FRAP) assay

To generate the standard calibration curve used in this study
(Fig. 5). Quercetin is a phenolic-flavonoid compound that can rep-
resent the compound content of C. latifolia, which can reduce the
Fe3+-TPTZ complex to Fe2+-TPTZ so that the results can be equiva-
lent to its antioxidant capacity (Lim et al., 2007; Nur et al., 2019).
Generally, each extract from C. latifolia can reduce iron complexes
to Fe2+.

The standard curve of quercetin (Fig. 5) obtained a linear regres-
sion value (r2) 0.9967 with 3 repetitions which showed good lin-
earity so that it could be used to calculate the antioxidant power
by reduction of Fe3+ to Fe2+ from C. latifolia extracts. Table 3 shows
that the REAE extract had a significantly higher reducing ability
(p � 0.05) with a value of 833.33 ± 8.35 lMQEV/g among sample,
followed by REE (462.12 ± 7.57), SEAE (422.98 ± 4.16), SEE (316.9
2 ± 9.53) and LEE (209.34 ± 7.04) extract. Meanwhile, LEAE, RHE,
SHE, and LHE extracts provided a reduced power of < 100
lMQEV/g. The antioxidant capacity in reducing iron from REAE
samples showed a reducing power close to that of ascorbic acid
(997.26 ± 10.42 lMQEV/g extract) as a positive control.
3.6. In vitro anti-elastase assay

The in vitro anti-elastase test results (Table 4) showed that SEE,
RHE, REE, and REAE extracts provide obtained powerful inhibitory
action with IC50 values of 16.89, 19.22, 23.84, and 27.91 lg/mL,
respectively. A similar action was also discovered for quercetin
with an IC50 value of 4.88 lg/mL. The SEAE and LEE extracts
showed strong activity with IC50 values > 50 lg/mL, while SHE
extracts a moderate activity with IC50 values of 106.35 lg/mL. In
contrast, LEAE and LHE extracts gave weak activity in inhibiting
the action of elastase (IC50 > 150).
3.7. Pearson’s correlation between antioxidant and anti-elastase

The existence of a correlation between the antioxidant activity
of each C. latifolia extract on elastase inhibition was performed
through Pearson correlation statistical analysis. The correlation
results of each antioxidant method on elastase inhibition can be
seen in Table 5. The analysis results show that each extract’s
antioxidant activity correlates with elastase inhibition.
Fig. 5. The quercetine calibration curve (6–30 lM), each data point were analyzed
triplicates (n = 3).
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3.8. In silico anti-elastase assay

The Parameters in this docking study were amino acid residues,
hydrogen bonds, and free bond energy (DG). Fig. 6 shows the com-
pound (ligand) structure of C. latifolia obtained from the predicted
LC-MS/MS for each extract. Primarily based at the visualization
results, it is able to be seen that all compounds from C. latifolia
extract were able to interact with the active site of elastase
(Table 6). The data in Table 6 suggests that the compounds in the
extract of C. latifolia have bond-free energies (DG) in the ranges
of �4.18 to �8.27 kcal/mol concerning the active site of the elas-
tase. Eight of these molecules form bonds with the amino acids
Gly 193, Val 216, and Ser 195, key amino acids in elastase target
proteins and capable of restate some of the reported interactions
with native ligands (Fig. 7).
4. Discussion

The current study focused on screening the antiaging activity of
extracts from several parts of the C. latifolia plant based on antiox-
idant activity and in vitro and molecular docking approaches to
anti-elastase activity. Three solvents (n-hexane, ethyl acetate,
ethanol 70% v/v) were used to extract the phytochemical com-
pounds in the dried plant parts of C. latifolia. The percentage yields
value of C. latifolia extracts differs based on the polarity of the sol-
vent used. This study considered that the use of ethanol as a sol-
vent was effective in extracting components from each extract.
The polarity index of ethanol is 5.2, while its dielectric constant
is 24.55, which allow it to extract compounds with high polarity.
In this study, ethanol (70% v/v) was used, indicating a water con-
tent of 30% v/v so that the polarity of the solvent was increasing
(Abarca-Vargas et al., 2016; Hikmawanti et al., 2021). The use of
ethanol solvents has been reported to attract components of the
carbohydrate group, phenolic flavonoids, alkaloids, steroids, and
terpenoids to allow a large percentage of yield value compared
to the use of other solvents such as ethyl acetate and n-hexane,
which have low polarity (Lapornik et al., 2005; Zabidi et al., 2019).

Based totally on the results of the LC-ESI-MS analysis, the
majority of the compounds were obtained from the ethanol extract
of each organ of C. latifolia (Table 1). In the root (Fig. 1) of C. latifolia,
curculigoside is dominant. Comparable results were also found in
(Ooi et al., 2016; Umar et al., 2021), which identified curculigoside
compounds in the ethanolic extract of C. latifolia roots and leaves.
However, the compounds methyl-3-hydroxy-4-methoxybenzoate
found in HRE, REAE, and REE, sugiol (HRE), aviprin (REAE), guaiacol
(lignin), and smilaxin found in REE were reported in the first time
in the roots of the C. latifolia and stigmastan-3,6-dione and
lucyaldehyde B in the roots and stem of C. latifolia (Fig. 2). Some



Table 4
The anti-elastase activity of C. latifolia extract.

Extract Percentage of inhibition (lg/mL) in a concentration of: IC50 (lg/mL)

2.34 4.69 9.375 18.75 37.5 75 150

REE 31.76 ± 4.22 36.91 ± 0.59 45.14 ± 0.27 49.09 ± 0.73 52.87 ± 3.29 57.90 ± 2.04 – 23.84*
SEE 36.14 ± 1.78 40.88 ± 1.05 44.12 ± 6.41 51.44 ± 1.62 56.21 ± 1.84 60.75 ± 3.77 – 16.89*g

LEE 35.29 ± 0.78 37.91 ± 1.49 40.21 ± 3.25 44.35 ± 3.06 48.45 ± 4.79 51.32 ± 2.69 – 58.31*e

REAE 26.12 ± 5.95 31.38 ± 4.06 39.85 ± 1.41 45.72 ± 1.53 52.04 ± 4.78 61.12 ± 1.59 66.06 ± 1.01 27.91*
SEAE 24.66 ± 4.31 27.87 ± 3.28 33.10 ± 2.34 41.34 ± 3.00 45.84 ± 2.22 51.35 ± 0.86 59.12 ± 2.47 58.11*c

LEAE 13.82 ± 4.21 17.49 ± 2.65 21.13 ± 2.93 26.95 ± 3.77 30.26 ± 3.27 36.13 ± 4.68 45.37 ± 2.03 >150*
RHE 31.37 ± 6.86 36.72 ± 3.33 46.93 ± 1.08 48.96 ± 1.79 54.39 ± 1.10 61.27 ± 0.59 68.79 ± 1.68 19.22*b

SHE 14.91 ± 4.41 19.07 ± 3.72 23.91 ± 0.19 33.54 ± 3.63 40.36 ± 1.08 48.14 ± 1.69 52.60 ± 8.00 106.35*
LHE 3.69 ± 1.91 7.70 ± 6.81 12.8 ± 7.19 17.4 ± 5.79 23.2 ± 1.64 27.1 ± 2.97 30.0 ± 1.35 >150*
Quercetin IC50 (4.88 lg/mL)

Note: Concentration series on positive control quercetin (1.5 to 13.5 lg/mL). The percentage inhibition (%) of elastase at each concentration is expressed as mean ± SD (n = 3).
*indicates the data is extensive different with p � 0.05 level (Tukey HSD). abc..Alphabetical differences indicated that the data were not extensive different with a level of
p � 0.05 (Tukey HSD).

Table 5
The Pearson’s correlation coefficient of BCB, ABTS, FRAP and anti-elastase activity.

Correlation r-values Anti-elastase

BCB assay ABTS assay FRAP assay

BCB 1
ABTS 0.796 1
FRAP �0.814 �0.691 1
Anti-Elastase 0.279 0.615 �0.495 1
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of these compounds have pharmacological effects, including cur-
culigoside, a phenolic compound, has been widely reported to have
an antioxidant effect (Ooi et al., 2016; Wang et al., 2012; Zhang
et al., 2019) and act as an anti-aging agent in inhibiting MMP-1
(Lee et al., 2009). Methyl-3-hydroxy-4-methoxybenzoate (Wang
et al., 2016), aviprin (Zahri et al., 2012), guaiacol (Azadfar et al.,
2015), and sugiol (Bajpai et al., 2014) also been reported to have
an antioxidant effect. Phenolic derivatives in the stem of C. latifolia
were also found in the form of 4-O-caffeoylquinic acid-1, 5,20,60-tri
hydroxy-7,8-dimethoxy-flavone-20-O-b-D-glucopyranoside, and
5,7,30,50- tetrahydroxyflavanone and they are confirmed that com-
pounds have the anti-radical capacity (Ganzon et al., 2018; Sun
et al., 2007; Wang et al., 2018). In addition to the stem, 4-O-
caffeoylquinic acid-1 (phenolic) compounds were found in the C.
latifolia (LEE) leaf. The leaf of C. latifolia (Fig. 3) also contains quer-
cetin (flavonoid) compounds (LEE), which have very potent antiox-
idant bioactivity (Chen et al., 2015) and terpenoid derivatives such
as digiprolactone (HLE, LEAE) and azedarachin C (LEAE). The profile
of chemical compounds produced from each extract of C. latifolia
plant organs strongly supports the development of C. latifolia in
delivering natural products that have pharmacological effects and
are beneficial in medicine.

The phenolic content in C. latifolia extract acts as an antioxidant
in inhibiting the activity of free radicals. In this study, antioxidant
activity was quantified using different methods to confirm further
the compounds’ role in C. latifolia as antioxidants. In the ABTS
method, antioxidant activity is measured by the potential of
antioxidant compounds to contribute proton radicals to free radi-
cal compounds (Ahmad Wani and Tirumale, 2018; Morales and
Paredes, 2014; Nur et al., 2021b). In the BCB method, Antioxidant
potential compounds from the extract C. latifolia work by prevent-
ing beta carotene decomposition when linoleic acid is oxidized to
hydroperoxide radicals at 50 �C. Hydroperoxide radicals formed
attack the double bonds in beta carotene resulting in oxidation,
which causes the loss of chromophore groups that give the color
orange of beta carotene (Amiri, 2014; Bogacz-Radomska and
Harasym, 2018). Both ABTS and BCB methods work in reducing
radical reactions through the proton coupled electron transfer
9

mechanism. The strength of antioxidant activity in the ABTS and
BCB methods was determined based on the IC50 value. An extract
with a smaller IC50 value has greater antioxidant activity. The
IC50 values that are in the range of < 50 lg/mL, 50–100 lg/mL,
>100–150 lg/mL, and > 150 lg/mL indicate very strong, strong,
moderate, and weak activity, respectively (Nur et al., 2021a,
2021b).

The ABTS method found that the ethanol and ethyl acetate
extracts from the parts of the roots, stems, and leaves of C. latifolia
tended to have powerful activity (Fig. 4). This result is different from
the results described by Ooi et al. (2018) which stated that the
methanol extract from C. latifolia had an IC50 value of 431 ± 36.9 in
ABTS assay with a weak category. At the same time, the extract on
the stems and leaves of this plant has not been reported.

A BCB study indicated that the ethyl acetate extract of C. latifolia
plant’s roots, stems, and leaves were the most effective antioxi-
dants. This was followed by ethanol extract and n-hexane extract,
respectively (Table 2). These compounds can penetrate the lipid
phase of the BCE and make it simpler to counteract hydroperoxide
radicals from the linoleic acid oxidation process (Nur et al., 2021a).
The phenolic compounds are methyl-3-hydroxy-4-methoxybenzo
ate, curculigoside, quercetin, 4-O-caffeoylquinic acid-1, 5,20,60-tri
hydroxy-7,8-dimethoxy-flavone-20-O-b-D-glucopyranoside, and
5,7,30,50- tetrahydroxy-flavanone are thought to work in inhibiting
lipid peroxidation in the initiation phase and also in the propaga-
tion phase (Marco, 1968; Nickavar and Esbati, 2012). Studies on
the anti-radical capacity of C. latifolia plant extracts in inhibiting
the rate of beta-carotene degradation have not been reported.
Therefore, this study provides information on the antioxidant
bioactivity profile of C. latifolia extract in inhibiting lipid peroxida-
tion by the beta-carotene bleaching method, which is relevant to
peroxidation that occurs biologically (Aminjafari et al., 2016;
Koleva et al., 2002).

Testing of antioxidant activity on C. latifolia extract was also
performed the use of the FRAP technique. In the FRAP assay, the
compounds in the extract redox react with iron complexes as a
substrate. In principle, the FRAP test measures the ability of C. lat-
ifolia compounds to oxidize Fe3+ to Fe2+ under acidic conditions



Fig. 6. Chemical structure of the compound C. latifolia extract. Names of chemical compounds is according to the order in Table 1 and Table 6.
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(Aminjafari et al., 2016; Rabeta and Nur Faraniza, 2013). In FRAP
method, the antioxidant strenght of each extract was determined
that the root organ of C. latifolia plants tended to have extreme
activity in reducing Fe3+ to Fe2+ complexes (Table 3). Based totally
on the results of the phytochemical screening, the majority of com-
pounds identified in the root extracts were phenolic compounds
(Table 1). Hydroxyl groups in phenolic aromatics can chelate iron
and reduce it by the redox reaction (Simamora et al., 2020;
Spiegel et al., 2020). Testing of antioxidant activity using the FRAP
assay on C. latifolia extract has not been widely informed. This test
describes biological events in the body through the Fenton reac-
tion, which aims to inhibit the conversion process of hydrogen per-
oxide produced in the metabolism into hydroxyl radicals, which
negatively affect the body (Caillet et al., 2007; Kulisic et al.,
2004; Nur et al., 2021b). The same thing for n-hexane extract
10
showed a lower effect than other extracts among the ABTS, BCB,
and FRAP methods. This result may be influenced by the lack of
phenolic in the n-hexane extract.

The three antioxidant quantification methods that have been
carried out tend to provide similar activity between samples with
a Pearson correlation coeffiicient (r) of 0.691 to 0.814 (Table 5).
Antioxidant activity in the BCB method against ABTS and FRAP is
strongly correlated with r-values of 0.796 and �0.814, which
means that the BCB/ABTS method has similar activity up to 79.6%
(strong correlation) and BCB/FRAP reaches 81.4% (strong correla-
tion). The moderate correlation occurs in the ABTS/FRAP method
with an r-value of 0.691, which means that the similarity of activ-
ities reaches 69.1%.

This study also tested the anti-elastase activity of C. latifolia
extract. Inhibition of elastase activity is one of the parameters to



Table 6
The value of bond-free energy and amino acid residues that bind to the elastase (1B0F).

No. Compounds Bond-free
energy
(kcal/mol)

H-bond/van der waals Interaction*

Native ligand (1-{3-methyl-2-[4-(morpholine-4-carbonyl)-benzoyl-amino]-
butyryl} pyrrolidine-2-carboxylic acid-(3,3,4,4,4-
pentafluoro-1-isopropyl-2-oxo-butyl)-amide

�7.69 Gly 193, Val 216
Ser 195

1. Methyl-3-hydroxy-4-methoxybenzoat �4.71 Gly 193, Ser 195
Val 216

2. Sugiol �6.50 Gly 193, Ser 195
Ser 214

3. Stigmastan-3,6-dione �8.27 Arg 217, Gly 218
4. Diprolactone �5.67 Val 216
5. Azedarachin C �5.30 Gly 193, Ser 195

Phe A41
6. Curculigoside �4.90 Gly 193, Ser 195, Val 216, Phe215
7. Aviprin �6.46 Gly 193, Ser 195,

Val 216
8. Lucialdehyde B �6.81 Ser 195, Arg 217
9. 3-Tert-butyl-4-methoxyphenol �5.76 Gly 193, Ser 195

Val 216
10. Guaiacol �4.18 Gly 193, Ser 195

Asp 194
11. Smilaxin �5.26 Ser 195

Val 216
Phe 192

12. 4-O-caffeoylquinic acid-1 �5.27 Ser 195, Val 216 (phi-aril), Gly 193
13. 5,2,6-Trihydroxy-7,8 dimethoxy-flavone-2-O-b-D-gluc �4.27 Gly 193, Ser 195,

Val 216, Asp 194
Ser 214

14. 5,7,3,5-Tetrahydroxyflavanone �6.34 Ser 195, Val 216
15. Quercetin �6.06 Gly 193, Ser 195

Val 216

Note: *no bold letter in the column indicates as fol other amino acid residues that interact with hydrogen/van der waals on the C. latifolia compounds and are not the same as
co-crystals.

Fig. 7. Elastase Receptor (1B0F) Structure (a), the native ligand (1-{3-methyl-2-[4-(morpholine-4-carbonyl)-benzoyl-amino]-butyryl} pyrrolidine-2-carboxylic acid-
(3,3,4,4,4-pentafluoro-1-isopropyl-2-oxo-butyl)-amide (b) and re-docking native ligand (co-crystal) result in elastase pocket for validate the method with RMSD value of
1.678 Å (c).
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determine the ability of a compound to inhibit skin aging. The inhi-
bition of elastase by the inhibitor can be observed visually through
the yellow color fading that occurs due to the inhibition of the
11
interaction between elastase and N-succinyl-(Ala-Ala-Ala) nitroa-
nilide as a substrate by compounds from the extract of C. latifolia
(Desmiaty et al., 2021). Extracts from the roots of C. latifolia
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(HRE, REAE, and REE) confirmed the most efective inhibition of
elastase with an IC50 value < 50 lg/mL (Table 4). Although the
IC50 value was significantly different (p � 0.05) from quercetin as
a positive control, the HRE, REAE, and REE extracts had the same
potency, which was in the powerful category (IC50 value < 50 lg/
mL). The results of identification carried out by LC-ESI-MS (Table 1)
showed that extracts from the root of C. latifolia were generally a
phenolic group of compounds. The previous studies from
Szewczyk et al. (2020) and Pientaweeratch et al. (2016) confirmed
that phenolic compounds can inhibit skin-degrading enzymes,
through hydrogen binding from the elastase’s active site and
chelating ions from metalloenzymes.

The relationship study between anti-elastase and antioxidant
activity (Table 5) showed that ABTS/FRAP was moderately corre-
lated with anti-elastase activity, which reached 61.5% (r-value of
Fig. 8. 2D interactions of co-crystals 1B0F (native ligands) and compounds 1 (methyl-3-h
4-methoxyphenol), 12 (4-O-caffeoylquinic acid-1), 14 (5,7,3,5-tetrahydroxyflavanone),
chemical compound according to the order in Table 5.
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0.615) and 49.5% (r-value of 0.495), respectively. Unlike the case
with anti-elastase/BCB, it shows a weak correlation with an r-
value of 0.279, which means that anti-elastase activity is only
influenced by 27.9% of the antioxidant capacity by the BCB test.
However, the effect of the antioxidant action of each extract of C.
latifolia on anti-elastase activity still needs to be further studied
to confirm the relationship between the two mechanisms.

In the present study, the mechanism of interaction and correla-
tion of the phenolic compound of C. latifolia to its bioactivity on
elastase was described in silico. In silico anti-elastase activity of
compounds (Fig. 6) from C. latifolia extract was carried out by
molecular docking to predict the interactions between ligands
(compounds in C. latifolia) against skin-degrading enzymes’ target
proteins (1B0F) (Cregge et al., 1998). The molecular structure of the
target protein elastase, native ligan (co-crystal), and overlay of co-
ydroxy-4-methoxybenzoat), 2 (sugiol), 6 (curculigoside), 7 (aviprin), 9 (3-tert-butyl-
and 15 (quercetin) with amino acid residues of elastase (1B0F). Numbering of a
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crystal re-docking result can be seen in Fig. 7 (7a-c). Re-docking of
the native ligand into the target protein pocket was carried out to
validate the docking method so that the Root Means Standard
Deviation (RMSD) value was obtained. RMSD value, which is<2 Å,
indicates that the molecular docking method parameters provide
results closer to the experimental results (Fig. 7c). The validation
results show that the RMSD value of 1.678 Å indicating that the
molecular docking method parameters used meet the require-
ments. Smaller RMSD indicates a closer alignment of the crystallo-
graphic ligand position with the re-bonded ligand position
(Kontoyianni et al., 2004; Nursamsiar et al., 2020).

The compounds that showed the best interactions were com-
pounds 2, 7, 14, 15, 9, and 12, with bond-free energy values of
�6.60, �6.46, �6.34, �6.06, �5.76, and �5.27 kcal/mol, respec-
tively (Table 6). It was found that the six compounds interact sim-
ilarly with co-crystals and have free energy values that are close to
those for the co-crystals binding to the target protein (Fig. 8). How-
ever, compounds 3 and 8 have bond-free energies close to the
bond-free energies of co-crystals, but the binding pattern to key
amino acids is different from that of co-crystals. The more negative
the bond free energy (DG) value indicates good stability between
the ligand and the target protein (receptor) so that the bond
formed are more powerful (Elgamal et al., 2021).

Based on Fig. 8, the of the compound that best contributes to its
interaction with the receptor is the hydrogen bonding of the
hydroxyl group (O–H). Furthermore, the nucleophilic water mole-
cule interacts with the hydroxyl group attached to the aromatics.
Essentially, this prevents the substrate from functioning by inter-
fering with the hydrolysis reaction. Hydrogen bonding is an inter-
action that can stabilize ligand binding to receptors. Another
interaction that occurs in the C. latifolia compound with the amino
acid residue of the elastase is the van der Waals interaction which
can also increase the conformational stability (Williams et al.,
2012). The four best compounds from C. latifolia are phenolic
derivatives with a planar-shaped aromatic ring that allows for
Van der Waals and p-interactions. Electron-rich aromatic systems
and electron-deficient anions can form p-anion interactions. The
p-anion interaction plays a vital role in protein stability and ligand
binding, and this interaction is energetically beneficial (Elgamal
et al., 2021; Nursamsiar et al., 2020).

An overview of the in silico studies indicate that most of the
phenolic group compounds identified in the extracts are well
accommodated at the binding site of the target enzyme with a rel-
atively large free binding energy averaging �6 kcal/mol. Findings
the in silico molecular docking supported the in vitro results that
provide anti-elastase effects, especially in extracts of the roots
and stems of the C. latifolia plant.
5. Conclusion

Examination of the phytochemicals of the plant organ extract of
C. latifolia identified 15 secondary metabolites, and the majority
were phenolic compounds. Each extract of C. latifolia showed
antioxidant and anti-elastase activities with moderate to powerful
ability. Ethanol and ethyl acetate extracts of the root and stem
(REE, SEE, REAE, and SEAE) gave the best antioxidant activity based
on in the three methods applied. REE, SEE, REAE, and RHE extracts
also provided very strong bioactivity against elastase inhibition.
The anti-elastase effect of C. latifolia extracts is associated with
its action as an antioxidant with a moderate correlation. The
in vitro anti-elastase activity was correlated with the in silico
activity against the elastase target protein (1B0F). The compounds
of sugiol, aviprin, 4-O-caffeoylquinic acid-1, quercetin, and 5,7,3,5-
tetrahydroxyflavanone gave the best interaction on the target pro-
tein with the most negative binding free energy of < -6 kcal/mol. It
13
has been suggested that the presence of identified phenolic com-
pounds in C. latifolia extract contributes to its ability to act as a
powerful antioxidant and anti-elastase in vitro and in silico stud-
ies. Through both in vitro and silico investigations, C. latifolia can
be considered as an antiaging candidate.
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